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PREFACE. 

I  hope  that  this  book  may  raise  in  the  minds  of  those  who  read  it 
more  qaestions  than  it  answers.  Enormoos  as  the  science  of  physio- 
logical chemistry,  or  bio-chemistiy,  has  grown  to  be,  covering  as  it 
does  the  whole  of  the  chemical  and  physico-cheniical  phenomena  of 
living  nature,  only  a  beginning  has  as  yet  been  made  in  it.  To  few 
of  its  fundamental  questions  can  we  now  give  an  answer.  The  great 
discoveries  remain  for  the  future.  To  arouse  interest  in  the  subject, 
to  stimulate  curiosity  and  inquiry,  are  Uie  main  objects  of  every  teacher. 
I  hope  that  in  \he  pages  which  follow  I  have  not  hit  too  wide  of  this 
mark. 

Of  so  large  a  subject  one  can  be  personally  familiar  with  but  a  small 
part.  It  is  difficult  to  estimate  the  value  of  work  done  in  fields  other 
than  those  in  which  one  has  worked.  It  may  be  that  the  emphasis  has 
not  always  been  put  in  the  right  place.  Some  parts  of  the  subject  have 
been  treated  far  more  fully  than  others,  and,  possibly,  more  fully  than 
their  importance  deserves.  The  chapters  on  the  chemistry  of  the  carbo- 
hydrates, fats  and  proteins  and  the  physical  chemistry  of  the  cell  are 
longer  than  is  usual.  But  a  thorough  knowledge  of  this  part  of  the 
subject  is  essential  to  a  comprehension  of  physiology  and  pathology.  On 
the  other  hand,  tliis  has  necessitated  a  briefer  treatment  than  they  de- 
served of  some  oUier  matters.  I  have  not  been  able  to  consult  the  whole 
of  the  vast  literature  of  biochemistry  and  I  know  that  many  valuable 
and  suggestive  papers  have  probably  escaped  my  attention.  At  the  end 
of  each  chapter  there  will  be  found  a  short  list  of  papers  bearing  on 
the  subject  dealt  with  in  that  chapter.  Many  of  these  should  be  read 
by  students,  and  material  may  be  taken  from  them  for  conferences.  Most 
of  these  papers  are  recent.  They  have  been  chosen  not  because  they  are 
necessarily  better  than  older  papers,  for  the  reverse  may  be  the  case, 
but  because  in  them  the  older  literature  is  cited  and  they  reflect  the 
more  modem  point  of  view.  "While  I  have  expressed  opinions  here  and 
there,  I  have,  as  far  as  space  permits,  given  definite  experiments  rather 
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than  conclusions  only,  so  that  tho  reader  may  jud^  the  evidence  for 
himself. 

In  the  preparation  of  the  practical  work  I  have  heen  assisted  hy  my 
colleague,  Professor  F.  C.  Koch,  whose  aid  is  gratefnlly  acknowledged. 
For  the  derivation  of  the  scientific  words  and  their  meanings  I  have 
relied  on  the  excellent  Medical  Dictionary  of  Stedman.  I  have  drawn 
freely  for  tahles  and  cuts  on  other  works. 

UirmBsnr  or  Chicago, 
May,  1S16, 
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The  various  objects  on  the  surface  of  the  earth  may  be  divided  into 
two  great  classes,  the  iiving  and  the  Ufclcss;  the  former  being  char- 
aetenz«d  by  the  possession  of  certain  properties  which  the  latter  lack. 
Th«  first  of  the  distinctive  properties  of  living  matter  is  the  power  of 
morement ;  and  of  movement  having  an  internal  rather  than  au  external 
ori^.  These  movements  are  either  from  place  to  place  aa  in  animals ; 
or  movements  of  growth  and  foliage  as  in  planta.  It  is  by  llie  property 
of  movement  that  we  instinctively  distinguish  living  and  lifeless.  A 
second  property  is  that  of  growth;  growth  not  by  the  apposition  of 
particles  to  the  outside  of  the  living  thing,  but  growth  from  within,  by 
the  intercatatioD  of  snbatanoes  within  the  organism.  Another,  the  most 
charaderistic,  and  the  only  property  it  is  certainly  known  that  some 
of  the  simpler  organisms  possess,  organisms  too  small  to  be  seen,  is  that 
of  reprodnction.  Snch  organisms  are  called  li-^-ing  because  they  are 
capable  of  indefinite  multiplication.  Finally  we  have  two  properties 
which  often  require  special  apparatus  for  their  detection,  but  which  are, 
ncoie  the  less,  fully  as  fundamental  aa  the  others,  the  properties,  namely, 
of  respiration  and  irritability.  All  living  things  respire,  that  ia  they 
consume  oxygen,  liberate  energy  by  combustion  or  oxidative  changes, 
and  they  give  off  a  gas,  carbon  dioxide ;  and  they  are  irritable ;  that  is 
they  respond  in  some  way,  either  by  a  choni^  in  the  rate  of  reproduction, 
in  movement,  in  growth,  or  in  some  other  of  their  functions  when  their 
surroundings  change.  Wo  cannot  directly  obsci-ve  that  many  of  the 
•mailer  forms  of  Ule  are  irritable,  but  we  beliovo  from  analogy  that  they 
must  be  so. 

Theae  five  properties,  movement,  growth,  reproduction,  respiration 
and  irritability,  are,  hence,  those  properties  possessed  by  living  things, 
and  not  poaaessed,  or  at  least  not  all  of  them,  by  any  non-living  thing. 
Their  posmssion  definca  a  living  thing.  When  wo  speak  of  life  we 
mean  this  peculiar  group  of  phcnomona;  and  when  we  spenk  of  explain- 
ing life,  we  mean  tho  explanation  of  thcso  phenomena  in  the  terms  of 
better  known  processes  in  the  non-living. 

How  it  happens  that  living  things  have  these  properties  which  are 
lacking  in  the  non-living  has  only  within  comparatively  recent  times  be- 
oume  a  subject  of  scientific  investigation.     For  many  centuries  the 
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problem  was  regarded  aa  solved.  Since  living  things  are  apparently 
lifeless  things  plus  something  else,  it  was  assumed  that  there  was  in 
living  things  a  spirit,  an  energy,  an  entelechy,  or  a  demon,  which  did 
not  exist  in  lifeless  matter,  and  to  this  spirit,  or  entelechy,  all  of  these 
peculiar  vital  properties  were  ascribed.  It  was  not  until  the  end  of  the 
eighteenth  and  the  beginning  of  the  niueteenth  century  that  this  explana- 
tion was  doubted,  and  only  since  then  has  the  attempt  been  made  to 
discover  the  origin  of  the  vital  properties. 

To  the  solution  of  this  problem  many  men  have  contributed  and  it  is 
perhaps  invidious  to  pick  out  anyone  for  special  mention,  but  physio- 
logical chemistry  certainly  took  a  long  stride  forward,  if  indeed  it  may 
not  be  said  to  have  originated,  about  1775-1793  in  the  work  of  that 
great  man  of  science,  Lavoisier.  In  that  beautiful  series  of  papers 
published  in  the  Memoirs  of  the  French  Academy,  papers  which  should 
be  read  by  every  student  of  the  science  as  true  examples  of  real  scientific 
work,  embodying  the  happiest  combination  of  imagination  and  experi- 
mental verification,  Lavoisier  showed  that  the  heat  of  the  body,  that 
peculiar  property  of  the  living  body,  was  due  to  tiie  burning,  or  com- 
bustion, of  its  substances, — a  burning  analogous  in  all  respects  to  the 
combustion  of  a  candle,  or  of  a  piece  of  coal.  Animal  heat  and  animal 
respiration  were  thus  correlated,  and  the  living  energy  was  seen  to  have 
its  origin  in  the  combustion  of  hydr<^en  and  carbon. 

It  remained,  however,  for  the  histologists  to  show  what  was  the  real 
physical  substratum  of  the  living  phenomena,  and  this  grew  immediately 
out  of  the  discovery  of  the  compound  microscope.  Living  things,  in  their 
outward  form,  are  extremely  diverse,  but  when  they  are  examined 
jnicroseopieally  it  is  found  that  all  are  composed  of  microscopic  units 
called  cells.  Within  these  cells  there  is  a  substance  of  a  peculiar  and 
unique  nature  found  nowhere  else ;  a  substance  called  by  Dugardin,  who 
£rst  described  it  in  animals,  sarcode;  and  by  von  Mohl,  who  saw  it  in 
plants,  protoplasm  (protos,  first ;  plasma,  form) .  This  sarcode,  or  proto- 
plasm, Dujardin  described  as  a  sticky,  viscid,  clear,  or  slightly  granular, 
substance,  which  would  adhere  to  a  glass  rod  and  could  be  pulled  out 
in  long  thin  strands,  much  as  candy  can  be  pulled  out.  In  it  was  a  more 
refractive,  spherical  body  called  the  nucleus,  discovered  by  Robert  Brown 
in  1831.  It  was  not,  however,  until  about  1861  that  sarcode  and  proto- 
plasm were  recognized  as  essentially  identical  in  all  plants  and  all  ani- 
mals, and  the  conclusion  drawn  that  it  was  the  real  living  basis,  the 
physical  basis  of  life.  Max  Schulze  especially  contributed  to  the  estab- 
lishment of  this  conception. 

The  recognition  of  the  fact  that  all  living  things  had  in  them  a  sub- 
stance essentially  identical  in  its  main  features  in  all  cells  provided  at 
once  a  basis  for  those  peculiar  and  common  properties  of  living  things. 


I 


I 


GENERAL    PROPERTIES   OF    LIVINU    MATi'tfU 

Irrttsbility,  respiration,  growth,  metabolism,  movemeut  are  the  properties 
of  living  matter,  or  protoplasm.  U  is  the  clujmistry  of  this  substance  and 
itfi  products  with  which  the  scicuco  of  physiological  chcmistt-)-,  or  bio- 
cliemifitr^,  has  to  deal. 

The  phyiiicsl  appearance  and  consistence  of  Ibis  living  matter  variee 
lu  diiferont  cells,  BMnetimos  b«iug  jelly-like  in  its  rigidity;  at  other 
tim€a.  or  in  other  locations,  decidedly  fluid.  It  may  be  seen  in  many 
vegetable  cells,  such  for  example  m  the  Que  stamen  hairs  of  the  spider- 
lily,  Tradescantia,  or  in  NitclU,  to  be  in  active  movement,  the  proto- 
plasm keeping  up  a  circulation  within  the  cells;  its  Sowings  may  carry 
utiiccUular  organiams  from  place  to  place;  even  in  the  cells  of  higher 
■nimala,  as  in  tbo  eggs  of  one  of  the  tunicatcs.  the  external  layer  of  the 
protoplasm  appears  Huid  and  may  tlow  about  the  egg;  and  in  the  nerve 
cell  of  the  vertebrate  brain  its  raoveinents  are  suppostwi  to  make  and 
break  those  fine,  iuter-cellular  connections  at  tiie  basis  of  memoi^',  asso- 
ciation and  thought.  On  the  other  hand,  protoplasm  may  be  quite  jelly- 
like  and  semi-rigid  and  highly  clastic,  as  in  the  epitlielial  and  muscle 
ctlis  of  vertebrates;  and  it  may  be  now  rigid  and  now  fluid  as  its  state 
cliaiigefi  with  its  condition  of  activity.  These  facts  have  been  established, 
in  part,  by  Kite's  microscopic  dissection  of  cells  by  very  fine  glass 
needles. 

The  optical  appearance  of  living  matter  is  that  of  a  clear,  trans- 
parent ground  Bubstance  in  which  are  imbedded  a  great  Dumber  of 
granules  of  different  sizes  and  often  of  different  densities  and  ditTercnt 
tints.  It  is  generally  believed,  because  of  its  xmiformity  and  universality, 
thai  the  clear  ground  substance  with  the  nucleus  is  the  living  substance 
ttaelf.  and  that  the  granules  represent  raw  materials,  or  secretory,  or 
waste  BuliHtanres.  The  granules  are  goneratly  colorless,  but  they  may  be 
colored  as  in  pigment  cells,  or  in  the  blood  celld  of  the  sea-urchin, 
Arbacia,  where  they  are  a  beautiful  deep  red.  They  may  be  either 
spherical,  or  rod  shaped,  ellipsoidal,  or  crystalline.  When  stains  enter 
living  matter  tb«y  may  combine  with  and  color  the  granules,  but  the 
ground  mibstAoce  does  not  appear  ever  to  color  while  it  is  living.  Finally 
Jiving  matter  is  always  probably  very  slightly  alkaline  in  reaction,  but 
it  becomes  acid  on  dying. 

Living  matter,  therofore,  is  a  aubstauce  found  in  all  living  things, 
essentially  the  same  in  all,  but  differing  somewhat  in  Its  physical  appear- 
ance and  chemical  compa-titiou  in  each  particular  kind  of  cell. 
The  pbynical  and  psycho! ugicid  complex  of  phenomena  to  which  is 
given  the  collective  name  of  "  life  "  is  asaociatcd  always,  so  far  as  we 
know,  with  this  substance,  a1  tiiough  oaeh  individual  property  may 
be  independent  of  it;  and  it  is  the  problem  o£  the  science  of  pbyst- 
ology  to  disvover,  to  analyze  these  phenomena  and,  if  possible,  to  find 
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liow    they    arise   from   the   physical -cbemical-psycliic    coDstitution   of 
protoplasm. 

How  the  dilTereDtiation  into  living  and  HEeless  arose  on  the  earth 
is  still  unhnown,  but  most  physiological  chemists  are  of  the  opiuion  that 
since  living  matter  is  to-da>'  being  constantly  made  out  of  lifeless,  and 
ice  have  no  reason  to  believe  that  the  course  of  events  was  different  in 
this  reapect  in  the  past,  that  living  originated  from  lifeless;  and,  prob- 
ably, not  at  one  step,  but  as  the  result  of  a  series  of  transformations 
taking  in  the  first  instance  a  very  long  time.  It  must  be  remembered, 
too,  in  considering  the  gap  between  living  and  lifeless,  that  while  this 
appears  to  be  wide  and  profound,  if  we  consider  the  higher  organisms 
such  as  man  himself,  it  is  not  so  profound  if  we  consider  the  very  sim- 
plest forms  of  life.  Living  forms  exist  so  minute  as  to  be  almost,  or  qaite, 
beyond  the  realm  of  microscopic  vision;  such  forms  can  have  only  the 
simplest  structure,  since  their  volume  is  so  small  that  ihsy  can  contain 
only  a  small  number  of  molecules  of  the  size  of  those  in  Uviitg  matter. 
The  difference  between  these  forms  and  iifeles-s  matter  would  seem  to  be 
reduced  almost  to  a  simple  chemical  difference.  In  fact,  the  differences 
between  living  and  lifeless  appear  on  closer  examination  to  be  quantita- 
tive rather  than  qualitative. 

Living  matter  is  nearly  always  in  movement,  movements  of  growth, 
of  active  streaming  or  of  changes  of  shape;  and  since  to  move  objects, 
sueh  as  nuclei,  requires  tliat  work  be  done,  and  sine«  energ>'  is  that  which 
does  woriE,  living  matter  must  be  the  seat  of  energy  transformations. 
It  might  be  supposed  that  thia  energy,  or  capacity  for  work,  was  due 
to  some  peculiar,  nou-physical,  vital  force  or  spirit,  but  experiment  has 
now  clearly  demonstrated  that  this  is  not  the  case,  but  that  this  energy 
comes  ultimately  from  light  and  immediately  from  the  union  of  the  living 
matter,  or  its  constituents,  with  oxygen.  The  law  of  conservation  of 
energy  in  living  things  is  the  most  fundamental  law  of  biology.  Living 
matter  is,  indeed,  a  luaeliine  for  the  tr&usformatiou  of  chemical  and  other 
forms  of  potential  energy  iulo  varioii»i  forms  of  kinetic  energy,  or  into 
the  chemical  energy  of  new  compounds. 

The  kinetic  energy  of  living  things  may  appear  as  heat,  as  mass 
mOYomcuts,  as  light  or  as  electrical  energy.  Thus  uU  forms  of  living 
mattor  are  exothermic;  they  constantly  produce  heat,  so  that  their 
temperature  is  more  or  less  above  that  of  their  environment.  The 
chemical  traDsfonuationa  of  livlttg  Oiinga  are  neco^orily,  for  the  most 
part,  exothermic.  In  some  cases,  however,  the  energj'  appears  as  light 
rather  than  heat.  This  is  the  case,  for  example,  in  the  luminous  organs 
of  the  fire-fly ;  and  probably  in  the  phosphorescent  organs  of  the 
C^enophores  and  in  Noct  iluca ;  in  these  forms  combustion  produces  light, 
and  the  liberation  of  heat  is  reduced  to  a  minimum,  so  that  the  light 
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of  ibo  firU'fly  may  be  said  to  be  the  most  eStcieot  lamp  Id  oxltitence,  in 
the  sonso  o£  there  being  least  waste  of  energ>'  as  heat. 

AnotLei  form  of  energy  set  £r«e  by  Living  Uiings  is  electrical.  Elec- 
trical distuTbaDC«fl  occur  in  all  cella  vhen  combustion  takes  place  in 
them,  but  in  some  instances  nearly  the  whole  o£  the  energ>-  appears  to 
tak«  this  iorm  iiulvad  of  lieat.  This  is  well  illustrated  in  t)ie  eleutrtual 
organ  of  the  Torpedo,  in  whicli  stimulation  causCH  a  strong  electrical 
current,  so  iJint  thin  organ,  made  of  modified  muscle,  is  a  very  efficient 
battery  and  a  study  oi  its  pbysiolog)'  may  u1timHt(.>ly  show  how  fat«, 
sugars  or  other  carbon  compounds,  or  carbon  itself,  may  be  burnt  with 
the  liberation  of  electrical  energy  in  place  of  beat.  But  the  most  striking 
example  of  this  kind  is  found,  probably,  in  the  nerve  impulse,  which 
though  it  is  accompanied  by,  or  is  due  to,  the  produetiou  of  a  larga 
amount  of  carbon  dioxide,  and  ia  hence  a  direct  or  indirect  oxidation, 
neverthelesB  appean  to  generate  no  heat,  but  only  a  well-marked  elec- 
trical current  of  momentary  duration.  On  tlie  other  hand,  the  musc;lc 
cell  has  developed  a  mechanism  by  which  much  of  the  onerg)'  appears 
to  be  used  in  produi-.ing  molar  movemcnU;  altJiougb  here  the  larger 
proportion  still  appears  as  heat. 

Finally  in  all  these  oases  some  of  the  energy  is  re-transformed,  with 
le  consumpiiou  of  heat,  into  Uie  potential  energy  of  new  chemical 
ipounds,  fonuiug  thus  new  combustible  substances. 
Thus  far  a  very  important  manifestation  of  living  tilings  has  been 
tted,  namely,  the  psychical  phcuomeuu  which  accompany  the  energy 
trausformuLious  in  our  bruins,  and  whi(.'h  wu  must  botiove  arise  in  some 
way  from  simple  phenomena  of  the  same  kind  perhaps  occurring  in  evcr}- 
cbemical  transformation.  These  psyducoJ  phenomena  arc  omitted  be- 
cause it  has  not  yet  been  possible  to  show  that  consciousncgs,  or  intel- 
lectual aetivitie«,  represent  any  portion  of  the  transformed  energy ;  and 
they  are.  at  present,  not  supposed  to  he  in  the  chain  of  phj-sical  cause 
and  effect.  They  are  generally  regarded,  in  other  words,  as  outside,  or 
mcomitant,  or  epipbenomena,  wlticb  occur  parallel  with  tlie  physical 
ebauges,  and  which  appear  to  be  dependent  upon  them,  but  which  do  not 
tliemselvcfl  produce  or  influence  such  changes.  It  cannot  be  denied,  how- 
ever, that  this  is  a  most  unsatisfactory  solution  of  the  most  interesting 
of  all  problems,  since  if  eoiiKciousnfiss  lias  this  position  it  becomes  difficult 
to  attack  the  problem  as  all  other  ph^-sieal  problems  have  been  attacked. 
It  is  perhaps  viser  to  wait  until  more  light  has  been  thrown  upon  this 
subject.  Negative  evidence,  the  failure  to  detect  loss  of  energy  accom- 
panying consciousness  changes,  is  not  a  satisfactory  basis  for  any  firm 
eoncittsioo.  It  may  prove  to  be  the  case,  although  the  evidenco  is  cer- 
tainly not  favorable  at  present,  that  consciousness,  or  rather  tho  psychical 
basis  of  it,  should  be  put  together  with  heat,  light  and  electricity  as  one 


PHYSIOLOGICAL   CHEMI8TRV 


of  Die  accompanying  manifestations  of  energy  transformationB  in  Uring 
and,  presumably,  m  Ufel«ss  tilings  also. 

It  is  very  important  to  remembor  in  the  course  of  the  transformation 
of  potential  iuto  kinetic  energy  in  living  matter  tliat  tlie  kinetic  etierg}' 
may  appear  in  various  forms,  and  ttiAt  if  it  appears  in  some  other  form 
than  heat,  the  lieat  which  one  might  expect  to  appear  does  not  do  so, 
but  it  is  replaced  by  light,  electrical  currents,  movements,  possibly 
psychic  energy,  if  there  is  such  a  thing,  or  some  other  form  of  energy 
of  movement. 

Since  living  matter  is  constantly  giving  off  energy  in  these  different 
forms,  it  must  be  receiving  it  from  some  source,  or  creating  it.  Careful 
experiments,  which  will  be  cited  later  In  the  book,  prove  that  living 
matter  does  not  ci'eate  energy,  but  that  in  it  energy  is  simply  trans- 
formed from  one  kind  to  another,  as  it  is  elsewhere  in  the  aniverw. 
Living  mattor  must  then  get  its  energy  from  some  source.  This  source 
is  the  food  and  the  oxygen  of  the  air.  The  chemical  system  consisting 
of  oxygen  and  foods  contains  potential  enei^.  This  system  is  formed, 
■with  its  potential  energy,  by  the  aetion  of  chlorophyll,  the  green  coloring 
matter  of  plants  and  the  protoplasm  of  plants.  Sunlight  acting  on 
these  gr«6n  plant  parts  in  the  presence  of  carbon  dioxide  and  water 
brings  about  a  separation  of  the  carbon  and  oxygen  of  tVie  carbon 
dioxide.  The  energy  of  the  smdight  is  transformed  ui  this  process.  The 
carbon,  witli  a  small  port  of  tlie  oxygen,  becomes  converted  into  various 
food  substanrcfi  (carbohydrates,  etc.)  and  the  oxygen  accumulates  in 
the  air.  Thia  separation  of  carbon  and  oxygen  requires  that  work 
should  be  done  and  consequently  the  expenditure  of  energy,  and  this 
energy  is  obtained  from  the  light  absorbed  by  the  green  loaves.  All  tlie 
energy  of  living  things  comoa,  therefore,  in  the  long  run  from  the  sun. 
The  food  and  oxygen  thus  separated  contain  between  them  potential 
energy,  since,  under  favorable  conditions,  not  well  understo«xl  but  such 
.  exist  in  living  matter,  they  will  combine  again  to  form  carbon  dioxide 
id  water  and  set  free,  in  so  doing,  tlic  energy  required  for  their 
previous  separation.  The  energy  of  living  things,  whether  it  appears 
as  heat,  light,  electrical  disturbances  or  movements  of  masses,  is  due  then 
directly,  or  indirectly,  to  the  combustion  of  the  carbon  and  hydrogen 
of  the  body  by  the  oxygen  of  the  air.  Living  matter  is  a  combustion 
engine,  with  cylinders  and  connecting  rods  of  molecular  dimensions 
and  provided,  possibly,  with  an  electrical  sparking  device  not  so  dis* 
similar  in  principle  from  tliat  of  an  internal  combustion  or  explosion 
engine.  The  discovery  of  the  origin  of  the  energy  of  living  protoplasm 
in  the  combustion  of  carbon  and  hydrogen  was  one  of  the  greatest,  if 
not  the  greatest  and  most  fundamental,  discovery  in  chemical  biology; 
and  it  is  considered  more  at  length  In  Chapter  VI. 
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Bnt  it  must  not  bo  thought  from  what  lias  precedml  tbut  coinbustive 
changes  axe  the  only  kinds  of  cLenuc&l  cthanges  0(!<-urring  in  liTing 
raatier.  The  fact  is  quite  otherwise.  There  are  also,  in  the  first  place, 
reducing  reactions.  In  order  that  any  substance  may  oxidize  it  must 
also  be  reducing.  A  reducing  subatanco  is  one  which  has  the  power 
of  combtoiag  vrith  oxygen.  Now  all  the  food  and  organic  subst&nces 
of  protoplasm  have  the  power  of  combining  with  oxygen  under  appro- 
priato  couditiona,  honce  li%'ing  matter  is  seen  to  be  made  of  reducing 
substances.  If  it  happens  tltat  Lliere  ia  not  sufficient,  free  oxygen  for 
these  reducing  substances  to  uuile  with  when  they  enter  into  an  acti^'ely 

{reducing  condition,  and  how  tticy  come  to  enter  nuch  a  condition  will  be 

lidered  presently,  those  which  are  the  stronger  reducing  steal  the 

pgen  away  from  other  weaker  reducing  bodies  which  hare  got  a  little,- 

^or  the  reducing  particles,  finding  no  oxygen  to  unite  with  and  being  in 
a  condition  to  unite  with  something,  join,  or  condense,  together,  two 

tor  more  parts  of  motoeulos  uniting  to  form  new  sabstaneee;  and  in  this 
way,  probably,  the  fats  are  formed  from  tlie  sugars.  Since  no  cell  ever 
has  a  sufficient  supply  of  oxygeu  to  oxidize  all  the  reducing  substances 

rset  free  or  active,  and  siincc,  indeed,  it  cannot  contiiuie  to  exist  if  ever 
the  oxygen  becomes  tlnis  plentiful,  all  living  matter  has  a  steady  reduc- 
ing action  and  there  arc  a  great  many  reducing  reactions,  an  well  aa 
oxidations,  going  on  in.  cells.  It  is,  indeed,  as  wo  shall  sec,  this  play 
of  oxidation  and  reduction  which  accounts  for  many  of  the  synthetic 
transformations  in  protoplasm.  Furthermore,  since  the  absorption  of 
oxygL-n  must  be  proportional  to  the  surface  of  the  ce!l,  whereas  the 
requirement  goes  proportional  to  the  mass,  the  size  of  cells  most  be 
regulated  or  fixed  in  some  way  to  secure  the  proper  balance  between 

•oxidation  and  reduction. 
A  very  large  class  of  chemical  transformations  in  protoplasm  con- 
sists of  hydrations,  &s  would  be  anticipated  in  a  medium  containing, 
Ion  protoplasm  docs,  80  per  cent,  of  water.  By  a  hydration  is  meant 
the  union  of  water  with  a  substance.  When  this  union  takes  place 
Bome  substances  become  unstable,  for  some  reason  not  understood  by 
the  writer,  and  fall  into  fragments.  Tliis  proctfss  of  decomposition  with 
the  taking  on  of  water  is  called  hydrolytic  decomposition,  or  cleaves 
(Gr.  hydor,  n-attfr;  lysis,  soparalion}.  And  among  the  disintegrative, 
or  catabolic  {Ea4a,  down)  chemical  changes,  this  is  one  of  the  most 
important.    All  digestive  changes  arc  of  this  kind. 

•       Besides  oxidations  and  reductions,  condensations  and  hydrolyses, 
there   is  finally  another  great  class  of  chemical  reactions  known    as 
dehydration  syntheses.    It  is  a  singular  fact  that  protoplasm,  although 
(il  is  four-fiftlis  water,  nevertheless  synlhosiKcs  complex  substances  such 
proteins,  carbohydrates  and  fats  by  a  process  which  involves  the 
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liberation  of  vator  and  which  is  ordinarily  dapUcated  outside  the  cull 
by  mooxLS  of  high  temperature,  or  by  strong  water-attracting  subatantMa, 
sach  as  phosphorus  penioxide  or  suLphurio  acid.  These  dehydration  syn- 
theses taking  plaee  in  such  a  wonderfully  aqueous  medium  havo  been  a 
gi-eat  puzzle.  It  has  been  suggBsted  by  Drechsel  that  many  of  thorn  aro 
dehydrations  produced  not  by  a  simple  taking  out  of  water,  but  by  a 
reduction  followed  by  an  oxidation.  There  is  reason  to  believe  this 
explanation  in  somu  instances  to  be  well  founded,  although  syntheses 
of  Ihu  more  complex  of  those  bodies  by  this  method  have  not  yet  been 
produced  outside  the  cell.  The  subject  requires  further  investigation. 
One  fact  strougly  in  its  favor  is  that  such  syntheses  are  retarded  if  the 
respiration  of  the  cell  is  reduced  by  deprivation  of  oxygen,  by  anesthetics 
or  iu  other  ways;  or  if  the  redueiog  power  of  the  cell  is  destroyed  by  the 
supply  of  too  much  oxygen. 

There  is  still  another  feature  of  cell  chemistry  which  must  strike 
even  the  most  superficial  observer,  and  that  is  the  speed  with  which 
growth  and  the  chemical  reactions  occur  in  it.  Ever^'one  knows  that 
sugar  dissolved  in  water  does  not  rapidly  oxidize  to  carbon  dioxide, 
but  remains  intact  for  a  long  period;  but  In  the  cell  it  oxidizes  with 
surprising  Bpe«d,  liberating  heat,  light,  or  doing  work  by  the  energy 
set  free.  It  has  been  found  that  if  glucose  is  dissolved  in  water  and 
exposed  to  air,  particularly  in  the  light,  it  undergoes  a  very  slow  oxida- 
tion and  decomposition.  The  difference  between  its  behavior  in  and 
out  of  the  cell  is  a  difference  of  speed  of  decomposition,  rather  thau 
a  difference  in  kind.  A  similar  fact  is  seen  in  the  behavior  of  starch. 
Starch  boiled  with  water  does  not  aasily  take  on  water  and  split  into 
sweet  glucose,  but  in  die  plant  cell  it  changes  into  sugar  under  appro- 
priate conditions  very  rapidly.  How  does  it  happen  then  that  the 
chemical  changes  of  the  food^  go  on  so  rapidly  in  living  matter  and 
so  slowly  outsidet  This  is  owing  to  the  fact,  as  we  now  know,  that 
living  matter  always  contains  a  large  number  of  substances,  or  com- 
pounds, called  enzymes  {Gr,  en,  in;  eymi,  yeast;  in  yeast)  because  they 
occur  in  a  striking  way  in  ycflst.  These  enzymes,  which  are  probably 
organic  bodies,  b\it  of  which  the  exact  composition  is  as  yet  unknown, 
have  the  properly  of  groatiy  hastening,  or  as  is  generally  said,  catalyz- 
ing, various  chemical  reactions.  The  word  eatalytic  {Kata,  down ;  lysis, 
separation)  means  literally  a  down  separation  or  decomposition,  but  it 
is  used  to  deeignale  any  reaction  which  is  hastened  by  a  third  substance, 
this  third  substance  not  appearing  much,  if  at  all,  changed  in  amount 
at  the  end  of  the  reaction.  Living  matter  is  hence  peculiar  in  the  speed 
with  which  these  hydrolytic.  oxidative,  reduction  or  condensation  reac- 
tions occur  in  it;  and  it  owes  this  property  to  various  substaneea,  cata- 
Ij-tic  agents,  or  enzymes,  found  in  it  everj-whei-e.    Were  it  not  for  these 


Bubstances  reactions  would  go  on  so  slowly  that  the  phenomcQa  of  life 
would  be  quite  dilHercut  from  what  they  are.  SiDC«  these  catalytic  sub- 
stances are  tliemselvKS  produced  hj  n  chemical  change  preceding  that 
which  they  catalyze,  wc  might,  pcrhapii,  call  Uiom  the  memories  of  those 
former  chemical  reactions,  and  it  is  by  meana  of  these  memories,  or 
cuzymt^s,  that  colta  become  teachable  iu  a  chemical  sense  and  capable  of 
uansactiug  iheir  chemical  affairs  with  greater  efficiency.    Whether  all 
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our  memories  have  some  such  basis  as  tliis  wo  cannot  at  present  say, 
since  we  do  not  yet  know  anything  of  tlie  pbymcol  basis  of  memory. 

LiTiBg  reactions  hare  one  other  important  peculiarity  besides  speed, 
and  that  is  their  "  orderlitiest."  The  cell  is  not  a  homogencoos  mixture 
in  which  reactions  take  place  hapha2ard,  but  it  is  a  well-orderod  chemical 
iacioiy  with  specialized  reactions  occurring  in  various  parts.  If  proto- 
plasm be  ground  up,  thus  causing  a  thorough  intermixing  of  its  porta, 
it  can  no  longer  live,  but  there  results  a  mutual  destruction  of  it» 
rarious  structures  und  substances.  The  orderliness  of  the  cbemical 
reactions  is  due  to  the  cell  structure;  and  for  the  phenomena  of  life 
to  persist  in  their  entirety  that  structure  must  be  preserved.  It  is  true 
that  in  such  a  ground-up  mass  many  of  the  cheoiieal  reactions  are 
presumably  the  Rome  as  Uiose  which  vent  on  while  structure  persisted, 
but  th^  no  longer  occur  in  a  well.regulated  manner;  some  have  been 
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chocked,  others  greatly  inereamot  by  the  intermixing.  Tliis  orderiinew 
of  reactioDS  in  living  protoplasm  is  produeed  by  the  epecialization  o£ 
the  cell  in  different  part*  shon-n  in  Figures  1  and  2.  Thus  the  nuclear 
wall,  or  raembraue,  marks  off  one  very  important  cell  region  and  keeps  the 
nuclear  sap  fi-om  iiiteractiug  with  ilic  protopla-sm.  Profound,  and  often 
fatal,  changes  aouietimes  occur  in  cells  when  an  admixture  of  nuclear 
and  cytoplasmic  elements  is  arlinoially  produced  by  rupture  of  thia 
membrane.    Other  localizations  and  organizations  are  due  to  the  colloidal 
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nature  of  Uio  cell  protoplasm  and  possibly  to  its  lipoid  character.  By  a 
colloid  is  meant,  literally,  a  glue-like  body;  a  substance  which  will  not 
diffuse  throogh  membranes  and  which  forms  with  water  a  kind  of  tissue, 
or  gel.  it  is  by  means  of  the  colloids  of  a  protein,  lipoid  or  earbohydrato 
nature  which  make  up  the  substratum  of  the  cell  that  this  localization 
of  chemical  reactions  is  produced ;  the  colloids  furnish  the  basis  for  the 
organizaliou  or  macliiuer>'  of  the  ceU ;  and  in  their  absence  there  could 
be  nothing  more  than  a  homogeneous  conglomeration  of  reactions.  The 
properties  of  colloids  become,  therefore,  of  tlie  greatest  importance  in 
interpreting  cell  life,  and  it  i^  for  this  reason  that  they  have  been 
studied  so  keenly  in  the  past  ten  years.  The  colloids  localize  the  cell 
reactions  and  furnish  the  physical  basis  of  its  physiology ;  they  form  the 
cdl  machinery. 

The  general  chemical  composition  of  living  matter.    Water. — It  is 
little  short  of  astounding  that  lining  matt«r  with  all  its  wonderful 
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propertiM  of  Krawtii,  movement,  memory,  intelligence,  devotion,  suffer- 
ing  and  h&ppinees  should  be  composed  to  the  extent  of  from  70  to  90 
per  ccDt.  of  Dothing  more  complex  or  mvBtcrious  thou  water.  Such  a 
fact  as  this  is  most  perplexing,  especially  when  all  experiment  shows 
that  this  water  is  playing  a  profoundly  important  part  in  (he  generation 
of  the  \'ital  plienomena.  Any  interference  with  the  amount  normally 
preeent  makes  a  change  at  once  in  the  activities  of  the  cell.  In  fact, 
ws  mi^t  aay  that  all  living  matter  lives  in  water,  as  Cl&ude  Bernard 
put  it.  For  not  only  is  this  obviouBly  true  in  the  lower  and  simpler 
forms  of  animals  and  plants,  which  are  little  more  than  naked  masses 
of  protoplasm  living  in  water,  but  it  is  no  less  trae  of  the  higher  forms, 
since  in  all  of  them  an  internal  medium,  or  en\ironment,  of  a  liquid 
nature,  the  lymph,  the  blood,  or  sap,  is  found  which  is  the  Immediate 
enrironment  of  the  cells.  Water  is  tlie  largest  and  one  of  the  most 
important  constituents  of  living  matter;  and  if  organiama  are  carefully 
examined  the  most  various  devices  are  found  to  assure  the  regnlation 
of  the  water  content  of  the  cells  of  the  body.  The  younger,  the  more 
vigorottB,  the  more  alive,  the  more  actively  growing,  the  more  impres- 
sionable cells  arc,  the  more  watery  are  they.  Perhaps  more  than  anyone 
else  the  French  physiologist,  Dubois,  has  emphasized  the  important  role 
of  water  in  life.  Table  I  gives  the  proportion  of  water  found  in  various 
kinds  of  tissues. 


Tabu:  1.    Amoo^t  of  Wateb  m  VAaiova  Tisson. 
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and  inorganic  elements. — One  would  very  naturally  expect 
'Rring  matter  might  contain  some  veiy  rare,  peculiar  and  eosUy 
metal,  or  substance,  like  radium,  to  which  its  properties  might  bo 
attributed.  But  quile  the  contrary  seems  to  be  the  case.  Be^des  water, 
the  inorganic  constituents  of  protoplasm  are  salts,  and  they  are  among 
tiie  commonest  salts  on  the  surface  of  the  earth.  Sodinm,  potassium, 
magnesium,  calcium,  iron,  sulphates,  chlorides,  phosphates  and  car- 
bonatee  aro  e&sential  to  liie  and  are  found  in  practically  all  living  matter. 
The  amoont  of  these  various  inorganic  elements  dilTers  somewhat  in. 
different  oclls  and  tissues,  but  they  occur  in  all.  Other  common  elements 
are  sometimes   present,  such  as  iodine,  manganese,  copper,  zinc,  barium 
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or  silicon,  but  these  are  generally  confined  to  special  plants  and  animals. 
About  1  per  cent,  of  tlie  weight  of  the  protoplasm  is  composed  of  the 
salts  or  inorganic  tuclals  tind  acids  mentioned  {Pigupe  3).  Furthermore, 
these  Bolta  arc  not  mero  inert  substances,  they  ore  not  simply  absorbed 
with  the  wat«r  and  tolerated,  but  they  are  in  combination,  in  part  at 
looat,  with  the  organic  matter  of  the  protoplasm.  They  arc  not  simply 
clinkers  eIof»[?in{j  tlie  grates  of  the  protoplwmic  firc-s.  but  they  are  active 
in.  the  production  of  the  vital  phenomena.    Indeed,  some  have  gone  80 
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Fi«.  :i. — Til*  Aimntiailoa  of  pgUMlucD  In  calls  after  MBcftUum.  (ii)?tTlBted  idobc1«; 
(()  bucleBted  blood  corpiiiclM;  iei  oervo  tb*t.  Tba  bUck  prcdpltat*  rcprMvaU  ib« 
pouMtuu. 

ftr  as  to  believe,  as  wo  shall  sec,  that  by  means  of  Uie  eloetrical  ch&rges 
Ihcy  bear  when  in  solution  they  vitalize  the  colloidal,  organic  substratum 
•of  the  eel!  and  make  it  aliv«.  Any  change  in  their  relative  proportions 
at  once  affects  the  activity  of  the  cell ;  thus  by  increasing  or  dimiaishing 
the  proportion  of  sodium,  calcium  or  potassium  skeletal  muscle  may  be 
made  to  twitch  rhythmically  or  to  remain  at  rest ;  nerve  impulses  may  be 
setup  in  motor  nervca,  or  the  irritability  of  tlic  ncr\'e  raised  or  lowered; 
chromophores  of  fish  scales  may  be  contracted  or  expanded;  and  the 
Activities  of  all  cells  increased  or  diminished.  Magnesium  Bulphato  acis 
much  as  an  anesthetic  on  mammals,  but  paralyzes,  also,  the  endings  of 
the  motor  nerves  in  the  muscles.  Furthermore,  by  increasing  the  total 
amount  of  salt  in  protoplasm  many  cells  may  be  stimulated  and  egg 
celU  of  some  animals  caused  to  develop  partbenogenetically  without  the 
aid  of  spenn. 


THE  GENERAL   PROPERTIES  OP  LIVINO   MATTER 


IS 


Tbiia  in  some  instances  94  per  cent,  of  living  mAttar  consists  of  noth- 
ing more  unusual  or  remarkable  than  water  and  tbe  commonest  salts. 

It  is  certainly  not  without  significanee  that  living  mattor  is  so  watery 
and  contains  llie  salts  of  the  sea.  It  would  appear  probable  from  this 
that  living  matter  originated  either  in  tiie  sea  itself  or,  perhaps,  in  som« 
pool  of  water  wliich  contained,  possibly  in  dilute  form,  the  common  salts. 
It  has  heen  suggested  that  it  was  in  some  slowly-drying  volcanic  pool 
where  coueeutration  could  take  place,  and  where  cyanides  and  other 
similar  reactive  organic  compounds  might  Iiave  been  formed  by  the 
vigorous  electrical  discharges  accompanying  the  eruptions,  that  living 
matter  first  appeared.  We  would  thus  have  sprung  from  the  thunder- 
bolts of  Jove,  if  this  theory  is  true;  but  we  are,  at  any  rate,  the  children 
cf  the  sun  and  the  sea,  of  ApoUo  and  Aphrodite. 

The  organic  matter.— The  remainder  of  living  matter,  10  to  25  per 
cent,  by  weight,  is  organic.  This  organic  matter  is  found  to  eonsiat 
of.  or  may  Ims  divided  for  i)urposcs  of  convenience  into,  four  great  groups 
of  solMtances:  1,  substances  of  the  fat  group  soluble  in  alcohol  and  ether, 
called  lipins;  2,  sabstances  of  the  sugar  group,  carbohydrates;  3,  sub- 
stances containing  nitrogen,  carbon,  hydrogen  and  oxygen,  culled  pro- 
teins ;  4,  various  simple  sobslances  such  as  urea,  creatinine,  inosite, 
phenols,  etc.,  called  e-ttractives,  because  they  are  soluble  in  water  by 
which  they  may  bo  extracted  from  the  cell  when  the  latter  is  first 
coagulated.  In  muscle  the  relative  proportion  of  these  substances  is  as 
follows:  protein,  19  per  cent,;  carbohydrate,  0.3  per  cent.;  lipin,  3 
p*r  cent. ;  salts,  3  per  cent. ;  water,  75  per  cent.  In  the  following  chap- 
ters the  ehemistry  of  each  of  these  great  groups  of  organic  substancea, 
beginning  with  the  carbohydrates,  will  be  discussed. 
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THE  CAKBOHYDRATES. 


Occurrence. — All  living  organisms,  except  the  most  simple,  which 
arc  Dotbing  more  than  naked  mosses  of  protoplasm,  consist  of  both 
living  and  lifeless  matter,  the  lifeless  having  been  formed  or  secreted 
bj-  the  living.  This  lifeless  matter  forms  the  greater  part  of  the  sup- 
porting framework,  or  scr\-e5  as  reser\"e  food,  lu  plants  these  support- 
ing tissues,  or  reserve  foods,  consisting  of  the  cellulose  or  woody  paiia, 
the  starclics,  mucilages  or  gums,  such  as  that  which  oxudcs  from  the 
bark  of  the  cherrj--tree,  are  composed  of  the  elements  carbon,  hydro- 
gen and  oxygen  and  belong  to  a  great  group  of  substances  tnown  as 
sugan  or  carbohydrates.  Tlic  supporting  tissues  of  animals,  unlike 
those  of  plants,  contain  a  large  proportion  of  nitrogen  and  belong  gen- 
erally to  the  group  of  proteins,  although  chitin,  wliicli  forms  the  hard 
shell  of  crabs  and  other  invertebrates,  contains  a  large  amount  of  carbo* 
hydrate  (glucoeamiuc).  But  it  is  not  only  as  Uie  supporting  tissues 
of  plants  and  animals  that  carbohydrates  occur.  They  arc  found,  also, 
in  the  living  matter  itself,  making  port  of  the  chromatin  of  the  nucleus, 
or  distributed  os  glycogen  or  sugar,  free  or  combined,  through  the 
cytoplasm;  and  it  is,  indeed,  largely  by  the  combustion  of  carbohydrate 
that  we  derive  our  energy.  Since  substances  of  this  class  are  the  simplest 
of  the  colloidal  materials  of  cells,  and  are  among  the  most  abundant 
organic  constituents  of  living  things;  since  they  are  formed  from  the 
inorganic  compounds  of  carbon  dioxide  and  water,  and  in  the  long  run 
all  lite  eucrgj-  o£  living  matter  comes  from  them,  and  since  both  the 
fats  ond  proteins  originate  from  them,  a  study  of  the  organic  constitu- 
ents of  protoplasm  may  best  begin  by  a  study  of  their  composition  and 
chemical  nature. 

Definition. — The  rarboliydrateg  are  compounds  of  carbon,  hydrogen 
and  oxygen  occurring  in  animals  and  plants.  They  get  their  name  from 
the  fact  that  in  the  majority,  though  not  in  all,  the  hydrogen  and  oxygen 
arc  in  the  proportion  o£  two  atoms  to  one,  that  is,  they  are  in  the  same 
proportion  as  in  water;  and.  indeed,  by  the  action  of  heat,  or  of  strong 
dehydrating  agents,  they  ore  split  into  carbon  and  water,  as  in  the 
process  of  making  charcoal  or  in  the  charring  of  sugar.  The  formula 
ol  glucose,  a  typical  carbohydrate,  is  C,H,jOa.  Bat  while  in  the  ma. 
jority  of  the  naturally  occurring  members  of  this  group  the  hydrogen 
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Bsd  oxjgeo  are  in  this  proportion,  in  some  cases,  &s  in  rJiaumoM, 
C^i,Oe,  a  methyl  pentose,  they  have  not  this  proportion.  Many  sub- 
stances, also,  have  Ixydrogeu  aucl  oxygen  in  tJiis  proportion  which  are 
not  carbohydrates,  such  aa  lactic  acid,  C.II.Oj,  or  acetic  acid,  CjH.Oj, 
which  differ  from  the  carbohydrates  in  their  chemical  properties.  Many 
of  the  carbohyiiralta  Imve  a  sweet  tnstc,  although  some  substituted  mem- 
bers of  the  ^roup  among  the  ^lucoeides  are  intensely  bitter,  and  polysac- 
charides may  be  tasteless.  When  pure  they  are  n'hite;  some,  like  cane 
sugar,  erj'stallize ;  others,  like  starch,  are  colloidal  and  do  not 
ctystaUize. 

The  chemical  properties  of  carbohydrates  characterize  them  as  well 
as,  or  better  than,  their  composition.  All  of  the  simpler  ones  readily 
oxidize.  They  are.  hence,  reducing  substances  and  a  large  part  of  tha 
reducing  powers  of  protoplasm  are  due.  in  the  long  run,  to  these  sub- 
stances. They  reduce  aniuioniacal  silver  nitrate,  or  alkaline  solutions 
of  mercury,  copper,  gold  or  bismuth  salts.  On  the  other  hand,  they  have 
oxidizing  properties  too.  They  will  absorb  nascent  hydrogen,  uniting 
with  it  and  oicidizing  the  substance  from  which  the  hydrogen  is  taken. 
The  simultaneous  possession  of  these  and  other  properties  shows  that 

(I 

they  contain  aldehyde,  or  ketone,  groups,  — C— 0  or  =C=0,  in  the 
molecule.  Either  of  these  groups  can  take  up  hydrogen  yiehling  an 
alcohol;  or  by  oxidation  go  over  into  a  carboxyl  group,  R — C — OH. 

'  >) 

The  simplest  carbohydrates,  therefore,  are  aldehydes  or  ketones,  and 

they  form  accordingly  two  groups:  aldoses  and  ketoscs.     Their  reaction 

in  aqueous  solution  is  neutral  to  the  usual  indicators,  hut  they  possess, 

uerertheleBs,  vety  weak  acid  and  basic  diaracters,  being  ver>'  weak 

amphoteric  compounds.    Thus  they  contain  some  hydrogen  which  may 

be  replaced  t^  a  metal,  such  as  lead,  or  sodhim,  and  they  ure  thus  able 

to  neutralize,  to  a  slight  extent,  the  causticity  of  sodium  hydrate.    They 

ore  to  this  extent  acids,  though  they  lack  the  acid  taste.     This  acid 

property  is  due  to  the  fact  that  they  contain  alcohol  groups,  all  alcohols 

behaving  like  very  weak  acids,  since  the  alcohol  hydrogen  may  be,  in 

part,  replaced  by  a  metal.    They  arc,  however,  very  weak  acids.    The 

number  of  hydrogen  ioi»  in  their  solutions  is  very  small,  smaller  than 

in  solutions  of  carbon  dioxide  of  equal  concentration.    The  dissociation 

constant  of  every  sugar  is  very  small.    By  the  dissociation  constant  is 

C  XC 
meant  the  value  K,  where  K— — j= — ;  C,  is  the  concentration  of  hydro- 

gen  ions,  Cj  the  concentration  of  the  sugar  anion  and  C,  the  concentra- 
tion  of  the  nndissociated  molecule.    The  dissociation  constant  of  glucose 
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at  18'  is  S.gxlO-"  (Osaka)  or  3.6X10-"  (Madsden) ;  that  of  sac- 
charose is  1.14X10-"  (Madsden),  or"2.4X10-"  (Michaelis  and  Rona) ; 
maltose  is  18X10~^'  (Miehaelia  and  Rona) ;  and  levalose  is  8.8X10—" 
(Michaelis  and  Bona).  With  bases  such  a  sugar  as  glucose  will  react 
according  to  the  following  equation: 

C,H„0,  +  N.OH  =  C,H,^0,Na  +  H^O 

The  sugars  are,  then,  alcohols  as  well  as  aldehydes  or  ketones.  They  are 
polyhydric  alcohols  having  one  alcohol  group  attached  to  each  carbon 
atom,  but  that  of  the  aldehyde  or  ketone  group. 

Their  basic  properties  are  due  to  the  oxygen  of  the  aldehyde.  By 
the  aldehyde  oxygen  they  have  the  property  of  uniting  with  acids  to  form 
so-called  oxoninm  salts,  but  this  union  is  easily  dissociated,  the  basicity 
being  very  weak. 

W,0.  +  HCI  =  C,H,^0,.HC1 

The  carbohydrates  may,  then,  be  defined  thus :  They  are  compounds 
of  carbon,  hydrogen  and  oxygen,  the  oxygen  and  hydrogen  being  often 
but  not  always  in  the  proportion  to  form  water ;  and,  further,  they  are 
aldehyde  or  ketone  derivatives  of  polyhydric  alcohols. 

The  aldehyde  structural  formula  for  dextrose  is 
OH    OH    OH  OH  OH    H 

H  — C  — C  — (i  — C  — C  — C  =  0; 

i  i  k  ^  A 

and  the  formula  for  the  ketose,  lerulose,  is 

OH  OH   OH   OH   O      H 

H  — C  — C  — C  — C  — C  — C  — OH. 

k  i  k  ^       k 

Classification. — It  is  convenient  to  divide  the  carbohydrates  into 
three  great  classes  according  as  their  molecules  contain  one,  two  or 
several  saccharide  (simple  carbohydrate)  groups.  These  classes  are 
the  monosaccharides,  the  disaccharides  and  the  polysaccharides.  The 
members  of  the  first  two  groups  are  generally  crystalline  bodies;  but 
many,  though  not  all,  of  the  last  group  are  colloidal  in  aqueous  solu- 
tion. The  more  important  monosaccharides  found  in  nature  are 
d -glucose,  or  grape  sugar,  or  dextrose  as  it  is  also  called;  d-levulose,  or 
fruit  sugar ;  galactose ;  xylose ;  arabinose ;  mannose ;  and  d-ribtrae.  The 
disaccharides  are  saccharose,  or  sucrose,  as  cane  sugar  is  also  called; 
lactose,  or  milk  sugar ;  and  maltose,  or  malt  sugar.  The  common  polysac* 
eharides  are  cellulose,  gums,  dextrins,  starches  and  glycogen. 

The  monosaccharides  are  in  their  turn  classified  by  the  number  of 
carbon  atoms,  or  more  properly  by  the  aldehyde,  ketone  and  alcohol 
groups    they  contain  into  bioaes,  trioses,   tetrosea,  pentoses,  hexoses, 
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heptoses,  octoses,  Bonoses,  etc.  Of  these  the  first  six  are  found  in 
nature,  bat  the  hexoses  are  the  more  abundant.  Each  of  these  groups 
from  the  triosea  on  is  subdivided  into  two  groups,  the  aldoses  and  ketoses, 
according  as  they  are  aldehydes  or  ketones.  Thus  mannose,  dextrose 
and  galactose  are  hexoee  aldoses  having  the  general  formula,  CgHijOg; 
tevulose  is  a  ketose  hexoee;  ribose  and  xylose  are  pentose  aldoses, 
CjHioOj ;  of  the  trioses,  glyeerose,  C(H,0„  is  an  aldose,  while  dioxyace- 
tone  is  a  ketose. 


I.  HONOSACCHARIDES 


CARBOBTDRATES       ^    11,  DISACCHA8IDES 


I.  BlMCa. 
B.  TrlMM. 

t.  Tettotei. 
4.  PeatoiM. 

&   DflXOMS. 

II.  Heptoiei. 
(  1.  LmIom. 

e.  Maltoie. 
8.  SacchiroM. 

4.  TrehaloM, 
I.  S.  MellbloM. 

r 


AJdoM.  Olyeoaldthydt. 

)Aldo«e«.  Otycfroit 
KetoBca.  ihostvaetlon: 

i  Aldotea.  Enlhrot. 
)  KetoicB.  d'ErythrulOf*. 

lAldoaei.  ^rablnott.xyloit. 

<  HbOM. 

(Ketosea.  l-AraUntiloie, 

I  Aldosei.  Otxlro'i.    faiaetou, 

■i  mannott. 

t  KetoaoB.  Livukue,  torboM. 

Aldose!.  d-MannoheplMt. 

(OlQCoae  +  galacloae.) 

(Olacoae  -f-  glacoee.) 

(Qlncoae  +  levuloae.)  (2iu-vu  ''""l^^ 

(QlDcoie  -{-  glncoac.) 

(Oalactaae  +  glucoae.) 


III.  POLYSACCHARIDES  ^ 


( MellloM  (RlJRaoae)  In  mo- 
I     lasaea, 

I.  Triiaccharldea.  ■[  MtHzliote.    (PiDD»  larji.) 
t     (LevaloH  -f-  glncoae  -f- 
I.        galaetoia.) 
S.  Tetruaccharidea.  Luptoie  In  pe«a;  tIachyoH. 
(Lnptoie  CDDiiBi*  of  two 
molecDlei    of   galaccoaa. 
one  of  glacoae.  and  oca 
or  lernloie.) 

(  Dtxtrint. 
I  Olveooiti. 
I  Mluiot. 
S.  Colloidal  polyaaccbaridGi.i  AarcA. 

'  MaeUag4i. 
I  Ctinu. 


Monosaccharides.  Structural  formulas.  Isomerism.  Optical 
properties. 

a.    Bexoses. 

Analysis  of  glucose,  galactose  and  mannose  shows  that  they  all  eon- 
tain  the  same  proportion  of  carbon,  hydrogen  and  oxygen;  a  propor- 
tion corresponding  to  the  formula:  CgHuO,.  They  have  also  the  same 
chemical  properties  showing  that  all  of  them  are  aldehydes  and  poly- 
hydrie  alcohols.  When  chemical  compounds  have  the  same  chemical 
atoms  in  their  molecules  in  the  same  proportions  they  are  called  isomers; 
or  are  said  to  be  isomeric  with  each  other.  Thus  lactic  acid,  CaHjOj, 
and  dioxyacetone,  CjHeOs,  are  isomers.    When,  in  addition  to  having 


so 
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the  same  number  of  atoms  of  the  same  kind  in  the  moloculc,  these  atoms 
are  arranged  in  the  same  genernl  way  so  that  the  chemical  nature  of 
the  guhstancas  is  the  same,  then  those  substances  are  said  to  be  stereo- 
isomtric,  a  word  whieh  means  "  having  a  lUto  form  "  (Greek,  xlenos, 
solid) .  Since  maiinose.  galactose  and  dextrose  arc  all  o£  them  aldoses  and 
polyhydric  alcohols  their  molecules  must  be,  on  the  whole,  very  similar ;  they 
are.  therefore,  stereo-isomers.  Their  molet-ules  differ  only  in  their  forms 
and  we  may  now  examine  how  these  molcuulvs  may  dilTcr  in  their  shape. 
This  brings  us  to  one  of  the  most  important  subjects  in  the  whole  of 
physiological  chemistrj-,  namely,  the  subject  of  the  shapes  of  molecules; 
in  the  pages  which  follow  we  shall  find  many  examples  illustrating  the 
importance  of  molecular  form  in  vital  proeessea  of  all  kinds. 

The  proof  that  the  atoms  in  a  molecule  occupy  definite  positions, 
so  that  the  molecule  has  a  definite  shape,  was  one  of  the  most  beau- 
tiful and  fundamental  discoveries  of  Pasteur,  made  while  he  was  still 
n  very  young  man,  in  1848;  and  since  this  discovery  is  at  the  bottom 
of  all  the  beautiful  science  of  molecular  form  which  has  been  built 
upon  it,  and  as  the  importance  of  this  molecular  property  is  sliowing 
itself  in  every  field  of  biological  work,  it  is  fittinp;  that  we  consider 
Pastenr's  work  at  some  length.  Pastour  had  boon  greatly  interested 
in  crj-stalliue  form.  Why  do  suhstauees  crj'stalUze  in  definite  shapes  1 
Among  the  substances  of  an  orgaoie  nature  which  gave  very  fine,  large 
crystals,  tartaric  acid  and  its  salts  were  notcwortliy.  Now  there  wore 
two  kinds  of  tartaric  aci<l  known  to  Pasteur,  the  ordinary  tartaric 
acid,  the  acid  of  wine,  which  Biot  had  shown  to  be  dextro-rotatory. 
1.0.,  its  solutions  had  the  property  of  rotating  the  plane  of  polarization 
of  polarized  light  to  the  right;  and  another  kind  of  tartaric  acid  found 
by  Kastner  and  called  raeemie  acid  (Z*.  racemus,  a  bunch  of  grapes) 
of  the  same  composilion  as  the  other  but  which  had  no  action  at  all 
on  polarized  light.  It  and  its  salts  were  inactive.  Pasteur  undertook 
t«  study  the  crj-stal!inc  forms  of  these  two  acids.  He  expected  to  find 
that  racemie  acid  would  have  a  dilTcrent  crj-stalliue  form  from  the 
ordinary  dextro-rotatory  tartaric  acid.  He  found,  however,  that  when 
the  sodium -ammonium  salt  of  the  inactive  (racemie)  acid  was  crystal- 
lized below  28*  ei^'Btals  of  tlie  same  shape  as  those  of  the  correspond- 
ing salt  of  the  dextro  acid  appoai-cd.  On  looking  at  the  crystals 
more  closely,  however,  he  found  that  there  were  in  reality  among  the 
crystals  of  sodium-ammonium  racemate  crystals  of  two  different  kinds 
which  are  illustrated  in  Figure  4.  These  crystals  were  exactly  alike 
wiOi  the  exception  of  a  small  facet,  o',  and  Uic  corresponding  facet 
diagonally  opposite  to  it.  These  two  facets  were  so  placed  in  these  two 
kinds  of  crj-stals  that  the  crystals  would  not  correspond  if  superimposed 
one  on  the  other.    In  the  one  kind  of  crystal  tho  facet  was  on  the  right 
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side  M  it  waa  in  the  destro- tartaric  a«ui;  while  in  the  other  form  of 

■  ctystal  it  was  on  the  left  side    The  crystals  wore  not  symmetric,  they 
were  asymmetric  and,  as  it  wore,  mirror  images  of  each  oth«r. 

Ue  separated  tbeso  two  forms  of  crystals  and  thinking  tliat  they 
might  show  different  optical  properties  he  dissolved  them  and  exam- 
ined the  RoluiioHs  in  the  polanscope.  To  his  preat  joy,  he  found  that 
the  solution  of  iho  one  form  now  rotated  the  plane  of  polarization  to 
the  ri^t;  while  the  solution  of  tJie  other  form  rotated  it  to  the  left.  This 
great  discovery  showed  at  once  tliat  crystalline  form  must  depend  on 
molecular  form,  because  in  Iht-  solulioa  the  molecules  were  separated  and 
the  crystalline  form  had  duiappeured,  but  the  asymmetrical  action  on 
light  persisted.    The  action  of  tlic  ttolution  ou  light  showed  that  the  indi- 
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Pic  4. — Twa  fftTMs  af  cTttAU  of  l«vo  and  deitco  urtkric  acM  (Lundolt). 


vidual  molecules  must  be  of  two  dilTerent  forms,  a  dextro-rotatory  and  a 
levo-rotatory  form.  The  molecules  of  tartaric  acid  must  be  a^mimetrical, 
just  as  the  erj-stals  were  aaymraelrical.  The  discovery,  of  course,  cleared 
up  at  once  the  tlifference  between  the  two  kinds  of  tartaric  acid.  It 
showed  that  there  were  at  least  three  different  forms  of  tartaric  acid,  the 
dextro-rotatory,  the  levo-rotatory  and  the  third,  or  raccmic,  form  which 
was  composed  of  equal  amounts  of  the  otiicr  two  kinds  and  which  was 
inactive  on  light.  Pasteur  liftcm'ards  discovered  a  fourtli,  the  meso- 
tartaric  add.  By  this  discovery  of  Pasteur  wc  know  that  the  shapes  of 
moleculea  may  be  asymmetric,  and  that  the  atoms  of  these  moicculea  do 
not  eftaily  rearrange  themselves,  for  if  they  did  the  molecule  would 
readily  pass  from  the  one  form  to  the  other.  It  is  one  of  the  most  funda- 
mental  discoveries  in  physics  or  chemistry. 

I  The  differences  in  shape  of  the  molecules  of  the  two  forms  of 
tartaric  acid  was  made  more  precise  many  years  later,  practically 
coiucidcntly,  in  1874  by  LeBel  and  van  't  Hoff.  They  actually  pictured 
tfao  poBBible  arrangement  of  the  atoms  in  the  molecule  by  wbich  the 
atfymmetry  was  produced.  If  the  carbon  atom  is  represented  as  lying 
at  the  center  of  a  tetrahodroti,  of  which  Uie  apices  represent  tlie  position 
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of  the  four  atoms  attached  to  the  carbon  atom,  it  becomes  possible  to 
picture  the  different  arrangements  of  the  atoms  causing  the  asymmetry. 
This  is  illustrated  in  Figure  5.  If  the  four  atoms  or  atomic  groups 
attached  to  the  carbon  atom  are  all  different,  as  they  are  in  the  case  of 
fluor,  ehlor,  brom,  methane,  CHFlClBr,  then  it  is  possible  to  arrange  these 
atoms  in  two  different  ways,  as  is  shown  in  the  figure,  the  two  tetrahe- 
drons not  being  superimposable,  but  being  mirror  images  of  each  other. 
If,  however,  two  of  the  atom  groups  attached  to  the  carbon  are  tiie  same, 
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then  it  is  impossible  so  to  arrange  them  that  the  tetrahedrons  will  not 
be  superimposable.  Methane,  chlor-  or  dichlorbrom-methaue  can  have 
but  one  form,  a  symmetrical  one.  A  carbon  atom,  then,  with  four 
different  atoms  or  atomic  groups  attached  to  it  is  said  to  be  asymmetrical, 
since  it  produces  an  asymmetrical  crystalline  and  molecular  form,  and 
an  asymmetrical  action  on  polarized  light.  The  atomic  groups  about 
such  a  carbon  atom  may  have  two  different  arrangements.  Asymmetric 
carbon  atoms  in  the  sugar  molecules  illustrated  on  page  28  are  printed 
in  black-face  type.  Not  all  compounds  with  asymmetric  carbon  atoms 
rotate  the  plane  of  polarized  light,  since  in  some,  of  which  mesotartarie 
acid  is  an  example,  compensation  may  occur,  some  atoms  rotating  the 
plane  of  polarized  light  in  one  direction;  while  others  rotate  it  in  an 
opposite  direction:  the  total  effect  of  the  molecule  on  light  being  nil. 
Most  compounds  with  asymmetric  carbon  atoms,  however,  exist  in  two 
forms,  one  dextro-  the  other  levo-rotatory. 

The  various  forms  of  tartaric  acid  (stereo-isomers)  may  be  repre- 
sented as  follows,  the  asymmetric  carbon  atoms  being  printed  in  black- 
face type: 

COOH  COOH 

HO  — C  — OH         H  — C  — OH 

H  — i  — OH         H  — i  — OH 


COOH 

H  — C  — OH 

HO  —  C  —  OH 

COOH 
d — Tartaric  acid 


ic 


:;ooH 

1 — Tartaric  acid 


COOH 
Mcso-taTtaric  acid    (Inactive). 


Racemic  add  (Inactive). 

All  compounds  having  an  asymmetric  carbon  atom  in  them  may 
exist,  therefore,  in  two  different  forms,  these  forms  being  stereo-isomeric 
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foims  &iid  aUo  optical  antipodes.  One  of  these  optical  isomers  rotates 
the  plane  of  polarized  light  in  the  one  direction,  just  aa  mach  as  its 
■ntipode  rotates  It  in  the  otJior  direction.  The  phTsic&l  and  chemical 
properties,  such  aa  the  meltiiig  points  and  aolability  in  symmetrical 
solvents,  of  these  tiro  antipodes  are  almost  or  quite  the  same.  Stereo- 
is(Hncrs  which  are  not  optical  antipodes  generally  have  different  melting 
and  boiling  points  and  solubilitiee.  The  separation  of  the  optical 
antipodes  can  be  aecompUabcd  by  picking  out  the  ctyiitals  in  the  way 
Pasteur  did  in  a  few  instances^  or  by  the  diiTcreni  solubilities  of  their 
compounds  with  other  optically  active  subatancca;  or  by  the  action  of 
moulds,  yeasts  or  other  living  organisms  which  often  destroy  one,  but 
not  the  other  ontipodc.  Tlio  mould,  pcnieillium  glaucum,  destroys  tho 
dextro-  but  not  the  levo-tartaric  acid. 

In  the  ligurc  wbich  has  been  given  of  the  possible  Khapo  of  the 
molecule  (Figure  5),  one  might  suppose  that  tho  atoms  in  tlie  molecule 
wore  far  apart,  .in  which  case  it  would  be  difficult  to  see  why  the 
molecule  should  keep  its  form.  The  figui'e  is,  however,  probably  incor- 
rect in  this  particular.  Tho  attraction  between  the  atoms  of  a  molecule 
is  so  great  that  they  probably  lie  closely  packed  together  and  with 
very  little  freedom  of  movement  beyond  that  of  minute  vibration  about 
a  center.  The  amount  of  this  vibration  and  the  space  at  the  dispoeal 
of  the  atoms  becomes  somewliat  greater  as  the  temperature  rises,  aiuee 
there  is  good  reason  for  believing  that  moleeulea  expand  with  a  rise  in 
temperature,  alttiougli  the  expansion  is  not  very  great.  The  pressures 
duo  to  molecular  and  atomic  attractions  on  the  surfaeots  of  moloculus 
are  enormous.  Thus  the  pro&sure  called  the  intcrual  pressure  of  a  liquid 
or  A  gas,  which  is  due  to  molecular  cohesion,  or  the  attraction  between 
[the  molecules,  is,  at  zero  centigrade  in  ether,  about  2,000  atraospherea 
per  square  centimeter,  and  it  increases  considerably  at  temperatures 
below  this.  Now  the  attraction  between  the  atoms  within  the  molecule 
is  certainly  many  times  gi-eater  than  the  attraction  between  the  molecnles, 
although  it  is  not  yet  known  just  how  great  it  ia.  By  this  attraction, 
therefore,  the  atoms  within  tho  molecules  will  be  under  a  compression 
eertainly  of  many  thousands  of  atmospheres  per  square  centimeter  in 
addition  to  the  cohesive  pressure.  It  is  not  impossible  that  the  pressure 
dnving  togeUier  the  atoms  of  a  molecule  may  he  more  than  a  hundred 
thousand  atmospheres  per  si^uare  centimeter.  It  is  not  probable  that  this 
preasore  is  diHtributed  evenly  over  th<t  molecule,  since  some  aloms  are 
held  more  firmly  than  others.  So  great  a  prcaauro  aa  this  must  cer- 
tainly drive  tho  atoms  of  tho  molecule  very  close  togctlicr  so  that,  at 
relatively  low  temperatures  at  least,  the  molecules  must  have  the  prop- 
erties of  rigid  solids  with  tlfa  atoroa  having  very  little  power  of  move- 
ment.   Theoretically,  however,  thoy  will  always  have  some  movement 
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at  temperatures  above  absolute  zero,  and  so  tlie  molecules  above  this 
temperature  are  not  absolutely  incompresaible.  Of  course  at  higher 
temperatures  as  tlie  molecules  separate  this  pressure  is  reduced  and 
in  some  cases  the  attraction  between  particular  atoms  of  a  compound 
is  Lees  than  that  stated.  Greater  mobility  of  the  atoms  exists  in  sach, 
molecules  so  that  the  atoms  may  shift  their  positions,  undergoing  what 
is  known  as  &  tautomeric  change.  It  is  not  surprising,  however,  that 
subjected  to  suth  high  pressures  the  atoms  of  a  molecule  generally 
arrange  themselves  in  the  position  of  greatest  stability  and  if,  tempo- 
rarily, they  take  unstable  positions,  they  may  undergo  rearrangement. 
Such  molecular  re&rraugementii  are  by  no  means  uncommon.  Tha 
racemization  of  optically  active  compounds  is  such  a  process  of  atomic 
rearrangement. 

Molecular  form  is  of  fundamental  importance  throughout  living  na- 
ture. Mast  naturally  occurring  organic  compounds  are  asymmetric  and 
usually  only  ono  of  two  possible  isomers  occurs  in  a:^  organism.  Of 
the  optical  isomers  of  any  amino  acid  or  carbohydrate  only  one  gen- 
erally will  sorvo  to  nourish  an  organism,  or,  if  both  are  foods,  one  is 
usually  bolter  used  than  the  other.  The  enzymes,  or  catalytic  agents, 
will  only  act  on  compounds  of  a  vorj"  particular  molecular  form.  Yeast 
will  ferment  d-glucose,  d-manuoso  or  d-fructoee,  all  of  which  have  the 
same  configuration  of  the  last  three  carbon  atoms,  but  it  will  not  ferment 
l-fructose,  or  1-gtiicose,  or  l-mannose,  or  l-galaclose.  The  phenomena  of 
immunity,  such  as  specific  antitoxins,  precipitins  and  anaphylaids,  also 
involre  molecular  form.  Protein,  which  has  been  racemized  by  the 
action  of  sodium  hydrate  will  no  longer  can.se  anaphylaxis.  In  the 
very  accurate  and  specific  adjustment  of  the  spermatozoon  to  the  omm, 
an  adjustment  so  accurate  that  a  spermatozoon  will  usually  only  fer- 
tilize the  eggs  of  its  own  species,  it  is  probable  that  the  form  of  tlie 
molecules  of  sperm  and  eggs  are  in  some  manner  related  or  adjusted 
to  each  other.  In  fact,  the  whole  liviug  world  is  an  asymmetric  world; 
the  development  of  different  species  and  varieties  probably  depends 
on  asyimnetrie  molecules,  since  animal  forms,  like  the  forms  of  crystals, 
mu»t,  in  the  last  analysis,  be  but  the  expression  of  the  forms  of  the 
molecules  of  which  the  protoplasm  is  composed. 

Molecular  asymmetry  may  be  most  easily  detected  by  means  of 
the  action  of  the  molecules  on  polarized  light.  When  polarized  light, 
Ibat  is  light  which  has  passed  Uirough  a  Nicol'a  prism,  passes  througli 
a  solution  of  a  substance  of  which  the  molecules  are  asj'mmetrical  it 
is  acted  upon,  so  that  the  plane  of  polarization  of  the  light  on  emer- 
gence from  the  solution  does  not  coineido  with  the  plane  of  polarization 
of  tho  entering  light.  The  plane  of  polarization  has  been  rotated  to 
one  side  or  the  other,  the  degree  to  which  it  is  rotated  depending  on 
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the  kind  of  molecules  and  the  number  of  molecules  the  light  has  passed. 
it  is  dependent,  in  other  words,  upon  the  concentration  and  the  length 
of  the  tube.  It  is  also  dependent  upon  the  wave  length  of  the  light.  The 
plane  of  polarization  of  blue  light  is  rotated,  for  some  substances,  about 
twice  as  much  as  that  of  yellow  light  by  the  same  molecules.  Hence  one 
uses  always  monochromatic  light  and  the  degree  of  rotation  is  gener- 
ally expressed  for  sodium  light  for  a  concentration  of  one  gram  of 
substance  in  a  cubic  centimeter  of  solution  and  for  a  tube  one  decimeter 
in  length.  Tbis  angle  is  called  the  specific  rotatory  power  of  the  sub- 
stance. Temperature  also  affects  the  degree  of  rotation.  In  general  the 
higher  the  temperature,  the  lower  the  rotation.  It  is  usual  to  give  the 
specific  rotation  at  or  near  20°  C.  The  specific  rotatory  power  as  just 
described  {a)  is  written  as  follows: 

Since  for  many  substances  the  specific  rotatory  power  varies,  also, 
with  the  concentration  of  the  solute  and  the  character  of  the  solvent, 
it  is  desirable  to  give  these  data  also,  {a}  in  the  above  formula  is 
the  angle  of  rotation  which  the  plane  of  polarization  of  the  D  line  of 
the  spectnim  (sodium)  would  undergo  in  passing  through  1  dm.  of  a 
solution  containing  one  gram  of  substance  to  one  cubic  centimeter  at 
20"  C. 

The  specific  rotatory  power  is  calculated  from  the  angle  of  rotation 
produced  by  a  solution  of  known  strength  in  a  tube  of  known  length. 
The  formula  is  as  follows : 

,  .20°     a. 100  ,  ,20'     olOOi 

a  being  the  observed  angle  of  rotation  at  20°  C. ;  I,  the  length  of  the 
tube  in  decimeters;  c,  the  number  of  grams  of  active  substance  in  100 
C.C.  of  solution ;  p,  the  number  of  grams  of  active  substance  in  100  grams 
of  solution;  and  d,  the  density,  pd^^^c.  (a)  is  the  specific  rotatory 
power. 

Just  how  molecules  with  asymmetric  carbon  atoms  rotate  the  plane 
of  polarization  of  light  is  not  yet  understood.  It  would  seem  necessary 
for  the  light  to  pass  through  all  the  molecules  in  one  direction,  in  order 
that  the  actions  of  the  different  molecules  should  coincide  and  not  neu- 
tralize each  other.  If  this  is  so,  polarized  light  must  orient  the  molecules 
and  perhaps  the  molecular  asymmetry  enables  the  light  waves  to  do  this. 
If  the  molecules  of  an  asj-rametric  substance  in  solution,  or  in  a  liquid, 
are  thus  oriented  by  light  so  that  all  the  molecular  axes  coincide,  tiien 
the  conditions  in  such  a  solution  might  approximate  to  those  in  a  crystal ; 
the  magnetic  properties  of  the  molecules,  if  they  have  any,  should  coin- 
cide and  might  be  detectable.     This  very  interesting  and  fundamental 
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problem  remains  for  future  investigation.  The  reason  yrhy  a  rise  in 
temperature  diminishes  tite  rotatory  powur  would  also  bu  (-'k'ar;  aiuoc 
by  beat  the  moleeular  vibration  increases  and  presumably  it  would  be 
more  difficult  to  hold  the  molecular  axes  in  Une.  Thus  increaainjf  the 
temperature  should  diminish  the  rotatory  power  for  tlio  same  reBSOD 
that  increa^oc  the  temperature  of  iron  diminishes  its  ma^ctism,  !.e., 
by  destroying  molocular  orientation. 

The  rotation  of  the  plane  of  polarization  may  be  due  to  the.  fact 
that  the  vibratioDS  of  some  of  the  valence  electrons  ooeur  more  cosily 
in  Bome  planes  tfaaji  in  othera. 

Tho  PolarUeope. — ^Tbe  Polnrleoopt!  is  uacd  bo  mnuure  the  roUtory  poircr. 
Klgurc  a.  In  tbla  iUBtrumcnt  the  tt^t  o(  a.  Bodlum  (lanie,  productsl  by  bMting 
sudium  diloride  or  biumide,  is   first  passed   tlirougli  ft  li^t  filter  uf  potAuiuut 
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Vn.  A. — Folarlarnpc  {lADdoll),  A,  }eat;  B,  pclarldnic  KIcol  prltm;  C,  arm  to  raUM 
tbs  polaritcr;  O,  quant  [iialv;  A',  aunljEiue  i>iiim  nouaiMl  to  tiiat  it  roiatM  with  tbi 
circle  O  wlilcb  U  markvi]  In  ilesicca :  F,  tbe  uMorvlDK  lelncoitv :  J,  iti«  n-culer  for  readlns 
ibc  rotattMi.  and  X,  ielMi«opaii  tor  Inc-ivsclnj  thr  acruTiinr  of  rmdlng.  Tbe  tnb«  c«a- 
lalninc  iba  lolulluEi  soct  bctwven  the  atialricr  aud  |ioiiirit«r.  ttiQ  rator  of  iblt  spBca  belDS 
abowti  «p«n. 


bichnunat«  t«  nmaavo  oxtrunMnia  ray*,  and  thrni  is  pUnp  po1nHz«d  by  pnMing 
ttinugli  a  Kiral  piiam  or  ■  GInn-Tliontpaoii  priMn  nf  Iclnnd  spar,  callvd  the 
potariuv  (B,  Fi{:ur«  6].  The  light  tlicn  paiwct  through  llur  solutinii  nnd  thun  through 
Ravlbcr  >Iict>l  prism,  £,  Ctt1l«d  tliv  aDalyzcr,  vtliivb  l»  vv  invuntvd  that  it  can  be 
rotate  about  an  axJa,  The  light  on  emerging  from  the  polarizer  is  plane  polarized 
tn  a  planp  at  right  nngle«  to  the  optical  Mctioa  of  the  Sieol  pricm.  When  thu  ligltt 
paaacs  IhrtiuKh  a  solution  cf  an  actlw  uibHtance  aiich  >b  gltironc,  the  pinne  at  poUr- 
boitim  it  rotaUd,  or  bent,  at  an  angl<>  to  tbc  right  or  to  the  left,  ir  the  analyzing 
priom  is  BO  pUctxI  that  itn  optical  section  nrrcaponds  to  that  of  the  polarizer,  the 
light  p&UM  tbixragh  it  to  th«  tyn  without  ohango;  if,  hum-vcr,  itx  optical  awtion  ia 
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Mt  an  angle  frith  tbat  of  the  polarizer  the  light  from  the  Utter  is  split  into  two 
rays,  one  of  which  ia  reflected,  so  that  only  part  of  the  light  passes  to  tiie  eye  and 
the  field  ia  lefis  light  than  when  the  optical  sections  coincided;  and  when  the  angle 
of  the  optical  section  of  the  analyzer  is  at  right  angles  to  that  of  the  polarizer,  no 
light  at  all  comes  through  it,  all  being  reflected,  at  the  plane  of  section  of  the  prism, 
to  the  side  where  it  is  absorbed  by  black  surfaces.    The  field  ia  then  dark.    If  the 


Fid.   6a. — Arrangement  or  the  analyzer  with  two  accenonr  Nicola  to  give  a  three 
divided  Deld   (CAndolt). 


analyzer  is  placed  at  the  point  of  total  absorption  of  the  light  this  may  be  taken 
ns  the  zero  point.  If  now  an  active  solution  is  placed  between  the  analyzer  and  the 
polarizer  the  plane  of  polarization  of  the  light  emerging  from  the  polarizer  is  twisted 
to  one  side,  hence  the  vibrationa  of  the  light  entering  the  analyzer  are  no  longer  in 
the  plane  of  the  optical  axis,  in  which  case  they  would  be  totally  reflected,  but  they 
are  at  an  angle  with  that  so  that  more  or  less  of  the  light  comes  through.  It  is  necea- 
sat;  to  rotate  the  analyzer  to  one  side  or  the  other  to  again  produce  the  complete 
abaorption  of  the  light.  If  it  ia  necessary  to  rotate  to  the  right,  the  substance  is  aaid 
to  be  dextro-rotatory.  In  order  to  make  the  polariscope  more  sensitive  it  ia  common, 
in  the  better  instruments,  to  introduce  close  to  the  analyzer  and  between  it  and  the 
solution  two  small  prisms,  Nicols,  ao  placed  that  they  project  with  a  sharp  edge 
partly  across  the  circular  field.  These  prisms  are  fi:<ed,  and  their  edges  are  focussed 
by  the  observing  telescope.  Tbia  haa  the  effect  of  dividing  the  field  of  view  into 
tt.ree  parts  as  ahown  in  Figure  6a.  At  the  zero  point  these  three  fields  should  have 
the  same  illumination.  The  advantage  of  this  is  that  the  zero  end  point  ia  more 
eharply  determined,  since  the  shade  of  the  three  flelda  may  be  matched  very  exactly. 
Some  instruments  have  three  prisms  in  addition  to  the  Nicot  polarizer,  giving  a 
four  divided  field.  These  instruments  are  called  two,  tliree  or  four  shadow  inatru- 
menta  respectively,  In  using  the  polariscope  it  is  essential  tlint  the  light  should  be 
uniform  in  the  field,  of  a  maximum  brightness,  it  should  be  carefully  centered 
through  the  apparatus  and  into  the  eye,  and  the  polarizer,  C,  should  be  turned  to  a 
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UiiDiinuni  angle  which  it  ib  possible  to  read  clearly.  If  colored  solutions  are  to  be 
examined,  it  ia  necessary  to  select  a  colored  light  which  is  not  absorbed  by  the  solu- 
tion. A  mercury  lamp  is  useful  as  a  source  of  light  when  combined  with  tbe  proper 
light  filters. 

We  may  now  return  to  the  problem'  of  the  way  in  which  we  shall 
represent  on  a  plane  surface  the  fact  that  several  aldose  sugars  of  the 
gener^  formula  CaH^iO,  are  known.  How  shall  the  different  structures 
of  these  molecules  be  pictured!  A  careful  study  of  the  possible  arrai^- 
ments  of  the  atoms  in  the  molecule  shows  that  there  are  eight  different 
aldose,  hexose,  stereo-isomeric  carbohydrates  possible,  depending  on  the 
arrangement  of  the  hydrogens  and  hydroxyls  in  the  chain,  and  that 
there  are  two  optical  antipodes  of  each  of  these  stereo-isomers,  making 
sixteen  possible  aldose  hexoses  in  all.  Not  all  of  these  have  been  found 
in  nature.  It  will  be  seen  that  there  are  four  asymmetric  carbon  atoms 
in  each  hexose  molecule.  The  number  of  possible  stereo-isomers  of  any 
substance  may  be  found  from  the  formula :  Number=2'',  where  n  is  the 
number  of  asymmetric  carbon  atoms  in  the  molecule.  Some  of  the 
structural  formulas  of  the  sixteen  aldose  hexoses  and  ketose  hexoses  are 
given  below.  Their  different  structures  are  represented  on  a  plane 
surface  by  writing  the  formulas  with  the  aldose  group  at  the  top  and 
the  alcohol  and  hydrogen  atoms  variously  placed  at  the  sides  of  the 
carbon  atoms. 


COH 

IICOH 

HOCH 

HCOH 

HCOH 


CHjOH 


d -glucose. 


COH 

I 
HCOH 

I 
IICOH 

I 
HCOH 

I 

IIOCH 
I 
CHjOH 

d-taloM. 


COH 

IIOCH 

HCOH 

I 
HOCH 

IIOCH 

I 
CH^OH 

1 -glucose. 

COH 

I 
HOCH 

r 

HOCH 

I 
HOCH 


HCOH 

in 


OH 


1-talose. 


COH 

1 

COH 

1 

HCOH 

1 

HOCH 

1 

HOCH 

t 

HCOH 
HCOH 

1 

HOCH 

1 

UCOH 
'HjOH 

HOCH 
CHjOH 

d  galactose. 

1  gnlnctn!<( 

COH 
HOCH 
HOCH 

1 

(COH 
HCOH 

1 

HCOH 

1 

HCOH 

1 

IIOCII 

1 

HCOH 
CHOH 

HOCH 

1 

CHOH 

d-mnnnoae. 

l-mnnnosc. 
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sa 


COH 
HCOH 
HCOH 
HOCH 

ntoH 

CH^OH 
1-gulose. 


COH 
HOCH 
HOCH 

HCOH 
HOCH 

in. 


CH  OH 


OH 


dgulose. 


CO 
HCOH 
HCOH 
HOCH 


u 


OH 


CHjOH 


CO 

HOCH 

i 
HOCH 

I 
HCOH 


H  OH 

2 


l-tagatOB«. 


d-tngatose. 


CHO 
HOCH 

BCOH 
HOCH 

HCOH 


CH^OH 
l-idose. 


CHO 

I 
HCOH 

HOCH 

I 
HCOH 

I 
HOCH 

CH  OH 
I 

d-idose. 


CH  OH 
1 


(0 


HOCH 

lie 


OH 


I 
HOCH 


CHjOH 
l-eorbose. 


CHOH 

1 


io 

HCOH 
HOCH 
HCOH 


OH 


d-Borbose. 


CH  OH 

i 


ho 

HOCH 

! 
HCOH 

Hi 


OH 


u 


OH 


d-levulose. 


CH  OH 

2 


CO 

I 

HCOH 

I 
HOCH 

HOCH 
CH^OH 

1-levuIOHe. 


b.    Pentoses.    Isomerism. 

There  are  three  asymmetric  carbon  atoms  in  each  pentose,  so  that 
there  are  possible  2*,  or  eight  possible  isomers  of  the  aldoses.  The 
structural  formulas  are  as  follows: 


COH 

COH 

COH 

COH 

HO— i— H 

H— C~OII 

no— C— H 

H— C— OH 

H— C— OH 

HO— C— IT 

11— C— OH 

HO— c— n 

1 

H— C— OH 

1 

HO— C— H 

1 

HO— C— H 

1 

1 
H— C— OH 

CH,OH 

CH^OH 

CH„OH 

^„0H 

d-arabinoae. 

1-arabinoae. 

d-xfloBe, 

l-xylose. 
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COH                      COH  COH  COH 

H— C— OH  HO— C— H  HO— <;— H  H— C— OH 

H— <J— OH  HO— C— H  HO— O— H  H— 0— OH 

II— C— OH  HO— C— H  H— C— OH  HO— C— H 

CH^OH  CHjOH  CH^OH  CH^OH 

d-ribose.  l-ribose.  d-Iyxose.  Myxoae. 

Of  these  pentoses,  d-ribose,  xylose  and  arabinose  are  of  most  interest 
to  biologists,  d-ribose  being  found  in  some  nucleic  acids  (g^anylic  and 
yeast) ;  and  arabinose  occurring  in  the  gum  associated  with,  or  making 
part  of,  the  enzyme,  amylase.  Xylose  (Gr.  Xylon,  wood)  is  a  pentose 
obtained  by  the  hydrolysis  of  straw  or  wood.  The  pentoses  generally 
occur  in  nature  in  gums  and  tetra,  or  polysaccharides.  Xylose  has  been 
found  as  a  constituent  of  the  cephalopod  muscle  and  other  tissues 
(Henze).    There  are  also  ketose  pentoses. 

c.    Eeptosea. 

A  heptose,  d-mannoheptose,  called  volemose,  was  found  by  Bourquelot 
in  Persea  gratissima  and  Laetuarius  volemus,  and  by  Allard  in  the  dry 
residue  of  Primulacete.  An  unknown  heptose,  osazone  melting  at  195' 
and  formed  only  on  long  heating,  was  isolated  from  human  urine  (Rosen- 
berger). 

Dissociation  of  the  monosaccharides.  Reactions  of  the  monosac- 
charides of  biological  interest. — The  monosaccharides,  while  compara- 
tively stable  in  the  test  tube,  are  very  unstable  in  living  matter.  They 
break  up  there  and  are  converted  into  fats,  proteins  and  other  sub- 
stances. How  they  are  rendered  so  unstable  by  the  protoplasm  is 
unknown  and  is  a  very  interesting  problem  on  which  many  men  are  at 
present  working.  It  will  help  us  to  understand  the  possible  causes  of 
instability  in  living  matter,  if  we  study  how  this  instability  or  decom- 
position may  be  produced  outside  the  body;  and  into  what  kinds  of 
substances  the  carbohydrates  break  up  when  they  are  thus  decomposed. 
Among  the  agents  which  we  may  use  to  produce  decomposition  of  the 
mono-  or  disaccharides,  alkalies  and  acids  are  the  simplest. 

Action  of  alkalies  on  monosaccharides. — ^AIl  the  monosaccharides 
and  some  of  the  disaccharides  are  unstable  in  alkaline  solution  and 
decompose  into  a  variety  of  substances.  If  a  solution  of  glucose,  levulose, 
galactose,  maltose  or  lactose  is  made  alkaline,  it  turns  a  yellowish-brown 
color  and  acquires  a  smell  of  caramel.  If  heated,  this  change  goes  on 
more  rapidly  and  the  solution  quickly  turns  brown  in  some  cases,  or 
yellow  in  others.  This  behavior  is  the  basis  of  Moore's  test  for  sugars. 
The  stronger  the  alkali  the  more  rapid  is  the  change.  If,  however,  air 
has  free  access  to  the  alkaline  solution  being  shaken  with  it  or  drawn 
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rapidly  througli  it,  and  if  the  alkali  is  not  too  strong,  the  brown  color 
does  not  develop,  but  a  rapid  oxidation  occurs,  causing  at  times  a  faint 
phosphorescence  and  always  liberating  heat. 

Chemical  examination  of  the  brown  liquid  shows  that  the  monosac- 
charides and  many  of  the  disaccharides  have  undergone  profound  decom- 
position even  if  the  amount  of  alkali  is  small.  In  strong  alkali  a  great 
number  of  acids  are  produced  having  six,  five,  four,  three,  two  or  one 
carbon  atoms  in  them.  Moreover,  volatile  substances  appear  in  the 
absence  of  oxygen,  which  give  the  iodoform  test  like  ethyl  alcohol  but 
which  are  more  probably  glyeolaldehyde,  or  oxyacetone,  or  glyoxal. 
Condensation  products  are  also  formed,  in  the  absence  of  oxygen,  lead- 
ing to  the  development  of  the  brown  color  due  to  humus  and  caramel 
substances. 

H  H         H 

H— C— C  =  0  ;     H— C— C— C— H  ;    H— C— C— H 

OHH  OHO   H  0    0 

Glyeolaldehyde.  Oxyacetone.  Glyoxal. 

If  the  alkali  is  very  weak  a  molecular  (tautomeric)  rearrangement 
of  the  sugar  molecule  occurs,  accompanied  by  very  little  or  no  decom- 
position of  the  carbon  chains  (Nef).  Thus  d-glueose,  d-mannose  or 
d-levulose  have  the  same  configuration  of  the  molecule  except  in  the 
first  two  carbon  atoms  of  the  chain,  as  may  be  seen  in  the  structural 
formulffi  on  page  28.  If  any  one  of  these  sugars  is  dissolved  in  weak 
alkali  and  allowed  to  stand,  all  the  other  sugars  of  this  group  appear 
in  time  in  the  solution.  Thus  there  is  the  formation  of  a  ketose, 
d-levulose,  from  an  aldose,  d-glucose,  sugar.  On  the  other  band,  the 
sugars  of  the  galactose  series,  such  as  tagatose,  sorbose  or  talose,  do 
not  appear.  Only  those  sugars  appear  which  involve  a  change  in 
structure  of  the  last  two  or  three  carbon  atoms  of  the  chain,  thus  show- 
ing that  the  molecule  is  most  unstable  and  reactive  at  this  end.  There 
is,  as  it  were,  a  gradient  of  reactivity  in  the  molecule  from  the  aldehyde 
end  extending  downward,  resembling,  superficially  at  any  rate,  the 
gradient  in  reactivity  in  an  earthworm,  which  is  most  reactive  at  the 
head  end.  The  transformation  of  an  aldehyde  to  a  ketose  sugar,  and 
from  the  one  isomer  to  the  other,  probably  takes  place  with  the  inter- 
mediate formation  of  an  enol  modification  as  follows : 


H     H                                            H     H 

H     H 

R— C— C  —  0  +  H^O R_c— 6— OH   -f  NaOH 

OH                                                OH  OH 

:^    R— C— C— OH -f.  H^O 
iHONa. 

Aldose. 
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H    H  OH  H  OH 

K— C— C— OH     :^— -   R— C  =  (!;— OH    -— ■  R_C— d— OH 


Y 


H 
Enol.  Ketoae. 


Their  great  instability  in  alkaline  solutiona  makes  it  necessary  in  evapo- 
rating sugar  solutions  to  be  sure  that  the  solution  is  exactly  neutral. 

The  explanation  of  this  behavior  of  the  sugars  is  very  interesting. 
The  decomposition  of  glucose  may  be  taken  as  a  type  of  all.  Tlie  first 
thing  which  happens  when  mixed  with  an  alkali  like  sodium  hydrate  is 
that  a  union  occurs  and  a  salt  is  formed.  One  of  the  hydrogens  of  the 
glucose  behaves  as  an  acid  hydrogen  and  is,  hence,  believed  to  be  slightly 
ionized.  It  is  this  hydrogen  which  is  replaced  by  sodium.  The  hydrogen 
thus  replaced  may  be  the  hydroxyl  hydrogen  just  behind  the  aldol 
group,  the  a  hydroxyl,  or  else  one  of  the  hydrogens  of  the  aldol  group. 
An  aldehyde  easily  opens  up  its  double  bonds  between  carbon  and 
oxygen  and  adds  water  to  form  a  polyhydric  alcohol,  as  follows : 

R— C  =  0   ^  R— t— O R— C~^V. 

ll         i  k 

With  sodium  hydrate  there  is  formed  the  salt  either : 
H   H  H    H 

R— C— C  =  0  ;  or,  R— C— C— O— Na. 

O— Na  OH  OH 

This  salt  is  unstable  and  the  molecule  now  first  forms  enols  and  then 
breaks  apart  into  a  number  of  pieces,  double  bonds  appearing  first 
between  the  carbons  in  the  manner  described  on  page  36  and  then 
disruption  occurring  at  the  double  bonds,  thus: 

H   H     OH  OH 

HO— C— C  =  C— C  =  C— C— O— Na ; 


k         ^      i^" 


OH 

and  this  is  perhaps  followed  by  subsequent  decomposition  into  such 
pieces  a^; 

H     H  OH    H  OH  H 

HO— C— C  —   ;     =C—  C  —   ;  —  C—  C— O— Na   ; 

i  ^H 

1.  2.  3. 

H     H     OH     H  OH  OH  OH 

HO-i;— L-i    — i=  ;  =(1— C  =  t— d— O— Na. 

4.  6. 

By  this  dissociation  pieces  of  varying  numbers  of  carbon  atoms  are 
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probably  formed.  These  dissociated  pieces  are  very  reactive  in  their 
nascent  state  when  the  free  bonds  oa  the  carbon  are  open.  They  undergo 
intermolecular  changes  into  acids,  aldehydes  or  alcohols;  they  have 
strong  reducing  properties  and  if  oxygen  is  present  they  unite  with  it 
to  form  aldehydes  and  acids;  but  if  sufficient  oxygen  is  not  present  to 
oxidize  each  piece  as  rapidly  as  it  is  set  free,  the  particles  interact,  con- 
densation occurs,  caramel  and  resinous  substances  are  produced  which 
cause  the  brown  color. 

The  part  which  is  hypothetical  in  the  foregoing  explanation  is  the 
•composition  of  the  fragments  which  are  first  formed  under  the  action  of 
the  alkali.  There  is  no  doubt  that  a  salt  is  first  formed  and  that  this  salt 
is  unstable  and  decomposes  with  an  unsaturated  end  state  intervening. 
We  infer  the  nature  of  the  fragments  from  the  composition  of  the  final 
products. 

This  decomposition,  or  fragmentation,  is  probably  closely  similar  to 
the  decomposition  of  the  sugars  in  living  matter;  and  there,  as  here,  if 
sufficient  oxygen  is  present,  as  it  probably  is  on  the  periphery  of  cells, 
sugar  will  be  burned  or  oxidized  to  lactic,  carbonic,  formic,  glyceric, 
tartaric  or  tartronic  acids;  while  if  oxygen  is  not  present  in  sufficient 
amonnts  to  bum  these  reactive  pieces  as  rapidly  as  they  are  set  free, 
and  this  will  probably  be  the  case  in  the  interior  of  the  cells,  the  pieces 
will  reduce  substances  near  them  or  each  other,  or  they  will  condense 
with  ammonia  or  with  each  other  transforming  into  amino  acids,  aro- 
matic substances,  fatty  acids  and  other  products  of  the  metabolism  of 
the  sugars.  The  important  thing,  however,  to  note  in  this  and  to 
remember,  for  we  shall  return  to  it  in  discussing  the  metabolism  of  the 
sugars  and  indeed  of  otlier  substances  in  the  body,  is  that  the  decom- 
position or  rearrangement  of  the  molecule  into  reactive  pieces  is  a  pre- 
liminary to  metabolic  transformations. 

Some  Acids  forued  from  the  Cabbobydrates  dy  Oxidatio.v. 

CHOOH  Formic 

CO^H^  Carbonic 

COOH— COOH  Oxalic 

CH^— CHOH— COOH  Lactic 

CH^— CO— COOH  Pyruvic 

COOH— CHOH— coon  Tartronic 

COOH— CH^— CH  —COOH  Malie 

COOH— CHj—CH&H— COOH  Malonic 

COOH— CHOH— CHOH— COOH  Tartaric 

COOH— CHOH— CHOH— CHOH— CH^OH  Ribonic 
COOH— CHOH— CHOH— CHOH— CHOH— COOH         Saccharic 

COOH— CHOH— CHOH— CHOH— CHOH— CH  OH       Gluconic 

i 

The  ionic  theory  explains  the  reason  why  the  molecule  is  so  unstable 
in  the  salt  form,  whereas  it  is  so  stable  in  the  form  of  the  free  monosac- 
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charide.  This  explanation  is  as  follows :  The  sugar  molecule  itself  ionizes 
in  aqueous  solution  very  little.  This  is  shown  by  the  fact  that  solutions 
of  the  sugars  in  water  are  non-conductors ;  the  avidity  of  the  sugar  as 
an  acid  is  very  low.  There  are,  hence,  at  any  instant  of  time  in  the 
solution  of  a  monosaccharide  very  few  CoHi,07  ions.  The  sugar  is  a 
weaker  acid  than  carbonic ;  it  is  about  as  weak  as  boric,  or  hydrocyanic 
acid.  The  salt  formed  by  the  addition  of  sodium  hydrate,  however, 
ionizes  easily,  hence  the  salt  is  widely  dissociated,  just  as  sodium  acetate 
is  much  more  widely  dissociated  than  acetic  acid.  Just  why  the  sodium 
salt  ionizes  more  than  the  hydrogen  salt  is  not  yet  known,  but  it  may 
be  that  it  is  connected  with  the  power  of  the  sodium  to  unite  with  water 
molecules  through  its  reserve  or  estra  valences,  this  power  being  absent 
in  the  hydrc^n  which  apparently  baa  very  few  such  reserve  valences. 
At  any  rate,  whatever  the  reason  may  be,  sodium  does  ionize  more.  As 
a  result  the  oxygen  atom  of  the  carbohydrate  from  which  the  sodium 
ia  separated  is  left  with  a  free  negative  charge  and  this  may  be  supposed 
to  exert  an  influence  over  the  whole  molecule,  since  the  bonds  between 
the  atoms  are  electrical  in  nature,  bat  the  effect  is  strongest  in  the 
two  or  three  terminal  carbons.  As  a  result  the  molecule  loses  water 
and  double  bonds  appear  at  several  places  in  the  molecule.  The  double 
bond  between  carbon  atoms  is  not  stronger  than  a  single  bond,  but  it 
is  weaker.  Why  it  is  weaker  is  not  certainly  known,  but  it  may  be 
because  when  two  bonds  are  present  the  atoms  can  separate  without 
electro-static  stresses  being  set  up  between  them,  since  each  atom  takes 
a  pcsitive  and  negative  charge  with  it  thus:  C-+  C  =  C+,  and  C;^.  We 
shall  find  the  same  facts  of  the  instability  of  unsaturated  carbon  com- 
pounds illustrated  in  the  fats  and  indeed  in  other  cases,  double  bonded 
compounds  being  generally  more  reactive  than  single  bonded.  A  very 
striking  example  of  a  molecular  rearrangement  due  to  ionization  is 
shown  by  the  indicator  phenol-phthalein  in  which  the  negative  ion  under- 
goes rearrangement  to  a  red  quinonoid  substance. 

If  the  alkali  is  very  weak  so  that  only  the  terminal  and  n  carbon 
atoms  are  involved  (Nef),  condensation  of  the  monosaccharides  to  form 
di-  and  polysaccharides  may  occur.  Thus  cane  sugar  may  be  synthesized 
from  d-glucose.  There  is  at  first  under  the  influence  of  the  alkali  a 
transformation  of  some  of  the  glucose  to  d-fructose  and  then  the  con- 
densation of  some  of  these  molecules  to  make  cane  sugar. 

Action  of  alkalies  on  di-  and  polysaccharides. — The  action  of  alka- 
lies on  disaccharides  varies  with  the  nature  of  the  sugar.  Cane  sugar, 
for  example,  is  a  very  weak  acid,  it  has  no  free  aldehyde  group  and 
it  is  stable  in  an  alkaline  solution.  Consequently  it  does  not  break  into 
fragments  and  accordingly  cane  sugar  reduces  an  alkaline  copper  salt 
solution  only  at  a  very  slow  rate.    The  case  is,  however,  quite  different 
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for  Uiose  disaccharides  like  lactose  and  tnaltose  which  contain  free 
aldobydo  groups.  Tbey  are  alinost  aa  unstable  as  glucose  in  allcaltne 
solution;  their  solutions  turn  brown  or  yisUow  very  quickly.  This  ta 
probably  the  reason,  for  example,  that  soda  biscuits  become  yellow  if  too 
much  soda  is  u*cd  in  iJicir  pmparation.  The  decomposition  of  the  lactose 
of  the  milk  by  Ibu  alkali  cuusea  a  yellow  color.  Solutions  of  lactose  and 
glucoau  and  maltose  of  the  same  molecular  concentration  and  the  same 
alkalinity  absorb  oxygen  at  almost  the  same  rate.  The  character  of  the 
fragments  into  which  the  disaccharides  decompose  is  still  unknown. 
Many  of  the  jiolysaoeiiaritleR  an>  quit«  stable  in  alkaline  solution.  This 
M  the  ease,  for  example,  with  glycogen  or  animal  stareh.  It  is  pre- 
pared by  flestroying  all  the  protein  matter  of  the  cells  by  cooking  the 
tiasue  with  30  to  40  per  cent,  potassium  hydrate,  a  procedure  which 
leaves  the  glycogen  quite  traaffected.  Starch  aI»o  is  quite  resistant  to 
alkalies. 

Action  of  acids  on  monosaccharides. — Not  only  do  the  carbohydrates 
decontpoee  spontaneously  in  alkaline  solution,  but  i:h«y  do  so  in  acid 
as  well.  The  moleoule  is,  indeed,  most  stablo  in  the  neutral  form  and 
iKOst  stablo  as  a  salt.  The  decomposition  of  tlut  monosaccharidt<s  in  acid 
solution  is  slower  than  in  alkali  and  the  decomposition  is  not  so  complete, 
so  tliot  the  various  steps  can  be  followed  and  the  intermediate  products, 
or  some  of  them,  can  be  isolated.  But  it  is  as  yet  uncertain  whether 
the  decomposition  in  the  acid  is  in  all  particulars  identical  with  the  early 
Slaves  of  the  alkaline  decomposition  or  not.  Advantage  is  token  of  the 
diffort^nce  in  th«  decompaiition  of  hexose  and  pentose  sugars  in  aeid 
■■wlution  to  distiiiguiKh  between  them. 

If  acid  is  added  to  tJin  solution  of  a  hoxoao  and  if  the  reaetion  is 

quickened  by  boiling,  it  will  be  found  that  the  hexose  decomposes.     If 

the  acid  is  si  rong',  brown  or  black  bumus  aiibnitanrcs  arc  product ;  if  the 

distillate  is  collt^ctrd  it  ts  found  to  contain  formic  acid,  carbon  monoxide, 

a  little  methoxy furfural,  and  in  the  solution  remaining  in  the  flask  con- 

0 
H 

■idcrable  quantities  of  levulmic  acid,  CH, — C — CH, — CIT, — COOH,  are 

to  bo  found.  If,  however,  a  pentose  is  subjected  to  the  same  treatment, 
it  distills  over  almost  quantitatively  ns  furfuraldehyde  or  furfural,  and 
thi«  we  detect  by  the  colored  condenRation  products  it  yields  wilh  aniline 
acetate,  oroino,  phloroglucinp,  resorcine  and  other  KubstanceR.  Pentoses 
may,  therefore,  be  readily  distinguished  from  hexoses  by  the  large  quan- 
tity of  furfural  yielded  on  distilling  the  former  with  acid,  and  by  the 
levulinic  acid  formed  under  the  same  cirrumstances  from  a  hexose. 
Btt'thelot  gives  the  following  figures  illustrating  the  decomposition  of 
bexoBca  on  beating  with  phosphoric  acid : 
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Glucose  heated  with  phosphoric  acid  for  several  hours : 

CO      2.077<, 

CO   1.19 

Formic  aeid    11.90 

Levulinic  acid    ....  39.88 

Humic  acid    23.60 

73.64 
1^88  (in  part  H,0)  21.30 

This  diflferent  behavior  of  hexoses  and  pentoses  is  the  basis  of  the 
oreine,  aniline  acetate  and  most  tests  for  pentoses.  Bran  and  straw 
contain  large  amounts  of  polysaccharides  containing  a  pentose  (xylose), 
which  are  hydrolyzed  by  the  acid.  The  free  pentose  is  then  converted 
into  furfural.  Bran  heated  with  acid  yields  accordingly  a  great  deal  of 
furfural. 

As  has  already  been  stated  the  decomposition  o£  the  monosaccharides 
by  acids  is  closely  analogous  to  that  by  alkalies,  but  is  not  so  rapid  or 
profound,  and  some  of  the  intermediate  products  may  be  isolated.  The 
acid  first  unites  with  the  carbohydrate  molecule,  forming  a  salt.  This 
is  shown  by  the  fact  that  the  addition  of  a  carbohydrate  solution  to  a 
weak  aeid  solution  diminish^  its  acidity.  The  acids  probably  unite  with 
the  double  bonded  oxygen  of  the  aldehyde,  if  this  is  present,  or  with 
the  oxygen  of  the  alcohol  groups.  It  is  well  known  that  the  aldehydes, 
ketones  and  other  organic  compounds  containing  oxygen  have  very  weak 
basic  properties,  due  to  the  oxygen  they  contain.  They  form  with  acids 
what  are  known  as  oxonivm  salts,  analogous  to  tlie  ammonium  salts  of 
nitrogen.  Oxygen  is  at  times  tctravalent;  it  opens  up  two  residua! 
valences  and  is  able  thereby  to  unite  with  acids  just  as  ammonia  does. 
Thus  we  probably  have  in  the  sugars  when  treated  with  hydrochloric 
acid  solution  the  compounds : 

a  H 

R— C  —  0  ;      R— C  =  (5— CI  ;      R— C  ^O  +  CI 

I  I     ■  (     \ 

H  H  H  + 

The  chloride  thus  formed  ionizes,  the  chlorine  being  negative,  tlie  rest 
of  the  molecule  positive  and,  possibly  as  a  result  of  this  free  positive 
charge,  molecular  rearrangement  takes  place,  water  is  eliminated  and, 
in  the  case  of  pentose,  furfural  is  formed  thus : 
OH  H    OH  OH  +  H     H 

H— C— C— C— C— C  =  0  —  H  +  Ci  "  HC  =  C— C  =  C— C  =  O  +  3H  0  +  HCl 

t  Ani  li  il  I—  0—^1  ,\ 

In  alkaline  solution  furfural  is  unstable  and  rapidly  decomposes  as 
already  described,  but  in  acid  solution  it  does  not  readily  decompose. 
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bui  may  lie  diBtilled.  In  Uia  case  at  a  baxoue  tJie  reaution  may  go  iu 
various  wa^'B,  inetlioxy furfural  living  formed  in  Kiuall  quanlitic-s,  pi^r- 
haps  as  mi  unstable  intvrmediale  product,  and  muDy  decompasitina  aiitt 
condunsatiou  producls,  i.e.,  letiiltnic  acid,  iiutuic  acid,  etc.  Mctlioxy- 
furfural  has  tlie  following  fonnula: 

U  H     H  H 

Bol>-C  =  i^  =  C— C  =0 

i  <— o_> 

M(-t1i<i\yturtiiTnl, 

]t  is  prol>ably  Uie  sul)stauc«  which  is  reKpousible  for  the  color  in  the 
Molisch  test  and  in  the  SuliwauofT  reaction. 

The  behavior  of  the  carbohydruU-s  in  acida  and  alkalica  shows  that 
there  arc  two  points  of  attack  in  tlic  ruolticiilc,  two  pointjs  at  which 
tiic  molecule  may  unite  with  protoplasm  or  enzymes,  namely,  the  residual 
or  extra  va!cnc««  on  the  oxygon,  where  acids  unite;  or  tlio  double  bonds 
in  the  aldehyde,  where  the  allcaU  unites.  It  is  possible,  perhaps  probable, 
that  the  decomposition  of  a  monosaeeharide  by  an  eozyme  is  analogous 
to  that  produced  by  acids  and  alkalies,  the  enzyme  upsetting  the  equi- 
libriom  of  the  molecule  iu  the  same  mauucr  as  it  is  upset  by  acids  or 
alkalies,  the  eaaicst  diatigc  pi*oduccd  beiiig  in  the  aldehyde  or  a  carbon 
groups. 

It  must  not  bo  coacluded  from  this  discussion  that  substances  are 
alwa>-s  moro  unstable  in  the  ionic  or  salt  form  than  they  are  in  the 
undissoeiated  form.  In  some  coses,  at  any  rate,  the  reverse  is  the  case. 
Thus  cysteine,  one  of  the  amino  acids,  unites  with  oxygen  with  great 
speed  in  the  neutral  or  undi&aociated  form,  whereas  it  is  very  stable  in 
the  acid  solution  where  it  exists  as  a  salt,  and  oxidizes  at  a  slow  rate 
in  an  alkaline  sehitiou.  And  many  other  examples  of  ttiis  sort  might  be 
gives.  The  free  organic  acids,  undissociatcd,  are  indeed  often  loss  stable 
tJian  their  salts. 

Action  of  acids  on  polysaccharides.— The  di-  and  polysaccharides 
decompose  readily  into  monosacciiandcs  by  hydrolysis  when  treated  with 
acids,  and  in  this  respect  they  are  less  stable  in  acid  tbau  in  alkaline 
solution.  The  various  disaccharides  break  up  with  varying  sjiecd  in  acid 
solution  and  those  which  are  the  most  resistant  1o  tlie  action  of  alkali 
are  the  most  sensitive  to  the  action  of  acid.  Thus  saccharose,  which 
decomposes  very  slowly  in  ilio  alkali,  is  the  easiest  of  tlie  diaaccharidcs 
to  invert  with  acid;  and  laotosc  and  maltose,  which  arc  so  unstable  in 
alkali,  hydrolyzc  murh  mor*-  slowly  than  cane  sugar  in  acids.  Start'h  and 
glycogen  are  quickly  hydroiyxed  by  aeid,  but  are  very  resistant  to 
alkalies.  It  is  by  tlie  action  of  acids  on  starch  that  commercial  glucose 
is  prepared.  The  prohable  reason  why  the  polysaccharides  are  so  sensi- 
tive to  acids  and  so  inert  to  alkalies  is  that,  as  their  acidity  is  reduced 
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by  polymerization,  they  react  very  little  with  alkalies  to  form  salts; 
on  the  other  hand,  their  basicity  is  increased,  causing  them  to  unite  more 
readily  with  acids.    The  reactions  are  written  as  follows : 

C»H„0„  +  H,0  +  HCl  =  2C,H^^0,  +  HCl. 
'^'•"ioO.>o  +'*H,0  +  HC1=  «G,H^,0,  +  HC1. 

Oxidation. — The  monosaccharides  are  readily  oxidized ;  and  in  acid, 
but  particularly  in  alkaline,  sqlution  they  are  fairly  strong  reducing 
agents,  oxidizing  themselves  to  acids.  Their  reducing  powers  furnish 
one  means  of  detecting  them  and  measuring  the  quantity  present  in  a 
solution.  An  alkaline  solution  of  any  monosaccharide  will  reduce 
methylene  blue,  cupric,  silver,  ferric,  mercuric,  gold  or  bismuth  salts; 
and  either  in  acid  or  alkaline  solution  they  will  reduce  bromine,  chlorine, 
permanganates,  peroxides  or  atmospheric  oxygen.  They  bum  sponta- 
neously with  the  liberation  of  heat,  or  even  some  light,  in  alkaline  solu- 
tions, and  with  the  liberation  of  electrical  energy,  heat  and  possibly 
light  in  protoplasm.  By  their  combustion  various  acids  are  formed, 
carbonic,  lactic,  tartaric,  malic,  malonic,  tartronic,  oxalic,  gluconic  and 
saccharic.    By  very  mild  oxidation  the  osone  is  first  formed,  p.  43. 

Fekling's  Solution.  They  are  quantitatively  estimated,  or  qualita- 
tively detected,  by  their  reducing  action  on  alkaline  cupric  tartrate 
solutions.  Such  a  solution  is  that  of  Fehling.  This  consists  of  two 
solutions,  A  and  B,  which  are  kept  separate  until  they  are  used.  A 
consists  of  an  aqueous  solution  of  cupric  sulphate  containing  34.64  grams, 
CuSOj-SHjO,  in  500  c.c. ;  B  is  made  by  dissolving  125  grams  of  potas- 
sium hydrate  and  173  grams  of  sodium  potassium  tartrate  (Rochelle 
Salts)  in  water  and  making  up  to  500  c.c.  Just  before  using,  equal 
quantities  of  the  two  solutions  are  mixed  and  heated  to  boiling  and  an 
equal,  or  smaller,  quantity  of  the  solution  supposed  to  contain  the  sugar 
is  added  and  the  solution  boiled  in  a  qualitative  test  for  two  or  three 
minutes.  The  solutions  are  kept  separate  until  the  time  of  using  because 
they  interact  slowly,  the  tartrate  slowly  reducing  the  copper.  This  fact 
suffices  to  show  the  incorrectness  of  the  statement  sometimes  made  that 
the  reducing  action  of  the  monosaccharides  is  due  entirely  to  the  aldehyde 
groups  they  contain.    There  are  no  such  groups  in  the  tartrates. 

The  various  constituents  o£  Fehling 's  solution  act  as  follows:  The 
sodium  hydrate  unitra  with  the  carbohydrate,  decomposing  it,  in  the 
manner  already  discussed,  into  a  number  (3 — 4)  of  reactive  fragments, 
these  fragments  being  the  actual  reducing  substances.  The  tartrate  is 
added  to  unite  with  the  cupric  hydrate  formed  by  the  interaction  of 
sodium  hydrate  and  cupric  sulphate,  which  in  the  absence  of  the  tartrate 
would  be  precipitated  as  a  blue,  gelatinous  precipitate,  turning  into  the 
black  oxide  on  heating.    This  precipitate  would  obscure  any  cuprous 
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,  oxide  which  misht  be  formed  by  reduction.    The  tartrate  by  uniting  with 
le  cupric  hydrate  holds  it  in  solution ;  the  foUowiug  rcacttoD  taking 
'place: 

kNn-O— 1;=0  NnO— C=0 

n6~oa  nc-o— cuon. 

Ili— on  -+  Cu  (OH),    =    lie— O-C'uOJl  +H,o 
K-o— l'=o  KO— c=o  ; 

Rocbelle  s«tl. 

The  cupnc  bydrate-tartjate  couipoimd  \s  a  dcMsp-blue  color  and  is 
soluble.  It  is  in  equilibrium  wilh  a  very  small  quantity  of  Cu(OH)t 
which  remains  in  soluliou;  and  this  is  iu  equilibrium  with  a  very  mi- 
nute amount  of  free  Cu  ions  and  OH  iuns.  The  cupric  ion  harlug  two 
Iroe  positive  cliorges,  wliicli  it  givts  up  very  readily,  is  the  oxidizing 
agent  and  it  is  reduced  to  the  cuprous  state  by  tlie  active  reducing 
frapneuts  formed  from  the  sugar  molecule  by  the  alkali.  Cuprous 
bydrato,  which  is  thus  formed,  is  a  yeUo^7  substance  which  is  very 
insoluble.  It  either  proeipitates  as  such  or  it  loses  water  and  forma 
the  bright  red,  insoluble  cuprous  oxide,  CugO.  This  cuprous  oxide  may 
be  filtered  from  the  solution  by  an  asbestos  filter,  washed  and  weighed 
direct,  or  it  may  be  oxidirvd  to  the  blurk  4'upric  oxide  luid  weighed 
BS  such ;  or  dissolved  in  nitric  acid  and  the  copper  determined  by  elec- 
trolytic dopoeitiunj  or  dissolved  in  ferric  alumn  and  the  ferrous  salt 
formed  titrated  by  permanganate.  In  this  way  the  amount  of  reduction 
oecurriug  in  the  solution  may  be  determined.  The  best  method  is  tlie 
last  (often  called  BerLrand's).  It  will  be  seen  lliat  (ho  tartrate-eopper- 
hydrate  acts  as  a  rettor^oir  of  eupric  bydrale,  which  is  distributed  all 
thruugb  tlic  solution,  and  as  soon  as  tlie  eupric  ions  are  reduced  and  the 
eqnilibrtinn  thus  upset,  nuw  ctipric  hydrate  is  ut  once  dissoeialed  from 
the  tartruln  compound.  It  thus  happens  tbut  although  at  any  imttaut 
of  time  there  is  only  a  minute  amount  of  the  intermediate  substance, 
tbo  eupric  ion,  present,  yet  since  the  ion  is  formed  instantaneously  the 
rt«ction  can  proceed  at  a  rapid  rate.  If  it  took  an  approeiable  tamo  for 
the  dissociation  of  tlie  copper  tartrate  compound  this  solution  eould 
not  be  used  in  the  way  it  is.  This  is  a  wry  good  example,  in  all  like- 
lihood, of  the  manner  in  which  a  large  transformation  can  taJcc  place 
tlirough  an  intermediate  stage,  yet  the  intermediato  stago  itself  bo 
present  at  any  instant  of  time  only  in  the  most  miiuite  amounts.  One 
molecule  of  glucose  will  ondor  certain  conditions  reduce  four  or  five 
molecules  of  cupric  hydrate. 

Inasmuch  as  the  reaction  is  not  complete,  but  the  oxidation  con- 
tinues at  a  slow  rate  for  a  long  time,  the  malonie.  tartaric  and  gluconic 
adds  being  slowly  oxidized,  the  quantitative  determinations  havo  to  be 
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made  under  strictly  comparable  conditions  of  concentration,  time  of 
lieating,  etc.,  and  the  method  is  at  best  rather  unsatisfactory.  For  the 
quantitative  determination  more  in  detail,  see  Fart  III,  experiment  241. 

Qlucose,  lovulose  or  galactose  will  reduce  copper  sulphate-  without 
being  made  alkaline,  but  the  time  required  is  much  longer,  the  reason 
being  that  the  number  of  active  sugar  particles  in  such  solutions  and 
the  number  of  hydrosyl  ions  is  enormously  less  than  in  the  alkaline  solu- 
tions. On  the  other  hand,  the  number  of  cupric  ions  is  larger  in  the  acid 
solution,  but  this  is  not  sufiicient  to  counterbalance  the  diminution  in 
the  active  reducing  particles  formed  from  the  sugar.  If  cupric  sulphate 
it  heated  with  levulose  for  some  time  the  cupric  oxide  is  reduced  in 
large  part  to  metallic  copper,  beautiful  reddish  crystals  of  copper  being 
formed.  The  reaction  in  this  case  goes  so  slowly  that  the  cuprous  oxide 
is  not  formed  rapidly  enough  to  precipitate,  but  remains  in  solution 
and  is  further  reduced  to  the  metallic  form.  Copper  acetate  solutions 
with  more  or  less  acetic  acid  added  to  them  may  also  be  used  in  place 
of  Fehling's  solution.  One  such  mixture  is  that  of  Barfoed,  which  is 
incorrectly  used  sometimes  to  distinguish  between  monosaccharide  and 
disaccharide  sugars.  All  sugars,  however,  reduce  copper  acetate  with 
or  without  the  addition  of  acetic  acid  if  given  time  enoagh,  and  the 
separation  of  the  different  sugars  by  this  test  is  purely  quantitative, 
depending  on  the  velocity  with  which  various  sugars  oxidize.  It  is  not 
qualitative.  Of  the  various  sugars  levulose  reduces  in  acid  solution  the 
most  rapidly,  since  it  is  the  strongest  acid  among  the  sugars;  then 
galactose,  glucose,  maltose,  lactose  and  cane  sugar  follow  in  the  order 
named.  Since  there  is  quite  a  decrease  in  acidity  or  stability  between 
glucose  and  maltose  a  glucose  solution  reduces  Barfoed's  quite  a  good 
deal  faster  than  maltose  under  similar  conditions  of  concentration  and 
heating,  so  that  with  a  strict  control  of  these  factors,  Barfoed's  solution 
may  be  used  to  distinguish  qualitatively  between  these  two  groups  of 
sugars,  the  monosaccharides  on  the  one  hand  and  the  di-  and  polysac- 
charide sugars  on  the  other;  but  a  strong  solution  of  maltose  will  reduce 
more  rapidly  than  a  weak  solution  of  dextrose,  so  that  as  the  test  is 
ordinarily  performed  without  control  of  the  concentration  of  the  sugar 
used,  and  time  of  heating,  it  is  indecisive.  It  is  sometimes  stated  that 
the  disaccharides  must  be  inverted  first  before  reducing,  but  the  reducing 
action  of  the  disaccharides  in  alkaline  solution,  in  which  they  are  not 
inverted,  shows  that  inversion  is  not  a  necessary  prerequisite  for 
reduction.  The  weak  reducing  powers  of  saccharose  are  due  to  the 
stability  of  the  sugar  in  alkaline  solution,  but  It  will  reduce  Fehling's 
solution  at  a  very  slow  rate.  Glycerine  also  will  reduce  Fehling's  solu-* 
tion,  but  the  rate  is  so  slow  as  not  to  introduce  an  appreciable  error  as 
the  estimation  is  ordinarily  carried  out. 
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By  oxidation  ol  glucose  by  bromine  in.  acid  solution  tlio  sugar  in 

inverted  Cjuatititat-ivtily  into  gluconic  scid,  the  mouocarboxylie  licxonic 

id,  and  by  furUicr  oxidation  into  Baccharic  acid.    By  uitric  acid  both 

of  these  acids  are  obtained  from  glucose,  and  galactonic  and  mucic  acid 

roin  galactose. 

Other  aulataacea  reduced  by  the  carhohydratea  wilJi  a  color  change 
described  in  the  practical  pai-t.    Among  Uicae  may  he  mentioned 
white  bismuUt  Bubnitrate  which  is  reduced  to  black  bitimulli,  or  the 
.boxide ;  picric  acid  which  is  reduced  to  red  picramic  acid : 


ffcric  scid. 


Plcramle  bcm. 
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Bilvor  nitrate  or  mercury  ealta  to  black  metals  or  mirrors.    All  of  those 
'changes  ore  produced  by  reduction  and  may  be  caused  1^  other  sub- 
Blanees  than  sugars. 

Tbc  reduction  of  carbohydrates. — Carbohydrates  not  only  have  the 

lower  of  oxidizing  tliciiu>elvo»  at  tliu  oxpuiuu!  of  ollmr  bodies,  thus  acting 

as  redueiiig  KubstJUiees,  but  tJiey  also  may  oxiilize  ctht^r  substances,  being 

^nhemsclvfis  reduced  tlmruby.    Wheu  oxidixed  the  reactions  liberate  beat; 

^Hlioy  ore  csoUicrmic  and  it  is  by  means  of  such  reactions  that  the  body 

^Kcta  its  energy.    But  if  the  carbohydrates  arc  reduced,  tlie  reactions  ar>; 

^undothermic  i  heat  is  absorbed  to  he  given  out  again  when.  Uie  substance 

^^s  finally  burned.    Both  kinds  of  reactions  go  on  in  living  matter  and 

in  our  own  bodies  in  the  decomposition  of  ttie  carbohydrates  of  Uie 

food.    The  greater  part  of  Lite  earboliydrale  is  oxidized  and  the  hent 

and  energy  are  set  free  by  which  we  live,  but  some  of  the  fragments  of 

thv  eurboliydratc  molecule  do  not  oxidixo  at  once;  they  are  reduced, 

^htot  oxidized;  and  by  this  moans  various  important  substances,  prs- 

^^cminently  tlie  fata,  are  formed  in  the  body.    The  carbohydrates  ha%'C 

the  power  of  absorbing  nascent  hydrogen  and  they  are  changed  tlioreby 

Bn  part  to  alcohols.  Such  alcohols  are  quite  widoBproad  in  nature.  Thus 
evulose  and  mannoee  are  trausformod  iulo  d-mannitol,  a  huxatomie 
ileohol;  d-glueoKO  into  d-eorbile.  Similarly  the  fragments  into  which 
the  glucose  molecule  falls  m&.y  take  up  hydrogen  and  be  converted  to 
the  long  carbcm  chains  of  fatty  si^ids  such  as  palmitic,  C,«Uj,Oj.  and 
steari<\  Ci^H^O,,  acids.  But  tiiu  uxm-t  steps  of  this  process  arc  still 
unknown.  By  means  of  this  oxidizing  property  the  carbohydratca  play 
a  great  part  in  what  is  known  as  omcrobic  respiration.  Many  bacteria 
and  animal  tisauts  have  the  properly  of  continuing  lo  live  and  give  off 
nrb(ui  dioxide  in  the  absence  of  air.  They  can  cany  out  a  great  number 
of  reoctioDS  which  are  in  pari  oxidative  without  almosphonc  oxygeu. 
It  has  been  found  that  Oie  injection  of  glucose  cuablts  fisli  and  other 
animals  to  get  on  for  a  much  longer  time  without  iilmoepheric  oxygen 
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than  when  they  have  no  glucose;  and  glucose  is  particularly  favorable 
for  the  aneerobic  life  of  many  bacteria.  Glucose  thus  plays,  in  virtue  of 
its  oxidizing  properties,  a  very  important  part  in  cell  life.  Tissues 
which  contain  glycogen  or  glucose  will  generally  live  longer  in  the 
absence  of  air  than  tissues  which  do  not  contain  these  substances.  It  has 
been  suggested  that  in  these  cases  the  tissue  oxidizes  itself  from  the 
oxygen  of  the  water,  the  nascent  hydrogen  set  free  being  taken  up  by 
the  glucose.  Whether  this  explanation  of  the  favorable  action  of  glucose 
on  aneerobic  respiration  is  correct  or  not  is  doubtful.  It  may  be  that 
one  molecule  is  reduced  to  an  alcohol,  while  the  other  sugar  molecule  is 
oxidized  to  an  acid.  This  would  be  possible  if  the  amount  of  heat  set 
free  by  the  oxidation  of  aldehyde  to  acid  was  greater  than  the  amount 
of  heat  rendered  latent  by  the  reduction  of  aldehyde  to  alcohol. 

Relation  to  hydrocyanic  acid. — An  interesting  property  of  the  car- 
bohydrates is  their  power  of  uniting  with  hydrocyanic  acid.  If  glucose 
be  dissolved  in  water  and  potassiiun  cyanide  added  to  it,  not  all  the 
hydrocyanic  acid  can  be  distilled  off  from  the  glucose  on  acidification. 
Some  has  combined  with  the  glucose.  Glucose  exists,  for  example,  in  the 
white  of  hen's  eggs  to  about  0.5  per  cent.  It  was  found  that  the  alco- 
holic extract  of  egg-white  had  the  power  of  binding  hydrocyanic  acid, 
due  to  the  presence  of  this  glucose.  The  importance  of  this  power  of 
hydrocyanic  acid  from  a  chemical  point  of  view  is  that  it  enables  one 
to  build  up  the  sugars  carbon  atom  by  carbon  atom.  A  heptose  may  in 
this  way  be  formed  from  glucose  as  follows: 

CH  OH— CHOH— CHOH— CHOH— CHOH— CHO  -\-  HCN  = 

CH^OH— CHOH— CHOH—CHOH— OHOH— CHOH— CN 

CH^OH.(CHOH)|jCN4.2H^O    =       CH^OH.(CH0H)^.CO0H +  NHj 
CH  OH.  { CHOH )  COOH  +  2H     ^       CH^OH  ( CHOH )    COH  +  H  0 

Heptose. 

By  the  action  of  acids  the  nitrile  is  saponified  to  the  acid  which  by 
reduction  yields  the  aldehyde,  glucoheptose.  Physiologically  the  reac- 
tion is  of  interest  because  hydrocyanic  acid  unites  with  some  substance 
in  the  cell  which  is  of  great  importance  in  respiration ;  and  it  indicates 
that  glucose  should  be  a  good  antagonist  to  the  cyanides.  Whether  this 
reaction  plays  any  part  in  the  building  up  of  sugar  in  the  plant  cells 
is  very  doubtful. 

Oximes. — Just  as  by  the  action  of  hydrocyanic  acid  the  sugars  may 
be  built  up  carbon  atom  by  carbon  atom,  so  by  the  action  of  hydro- 
xylamine  the  sugar  of  the  next  smaller  number  of  carbon  atoms  may 
be  obtained.  Hydroxylamine,  HNHOH,  which  corresponds  to  hydro- 
gen peroxide,  HOOH,  and  like  it  has  reducing  and  oxidizing  properties, 
acts  on  glucose  to  form  tlie  glueose-oxime  thus : 
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CHjOH(CHOH)^.COH  +  HNHOH  =  CHjOH(CU011)^CH:NOH+HjO 

Glucoaa  oxime. 

The  oxime  when  heated  with  acetic  anliydride  loses  water  and  is  con- 
"verted  into  the  acctylatcd  glucosenitrile ;  which  when  warmed  with  am- 
monlacal  silver  nitrate  loses  hydrocyanic  aciiJ  and  is  convertod  into  an 
acetylatcd  pentose  from  which  the  pentoac  may  b«  set  li'ee. 

Osazones. — A  reaction  very  important  for  distin^ishinff  monosac- 
eharides  is  the  formation  of  the  osazoiies.  If  phenyl  hydrazine  and  glu- 
cose aolution  be  warmed  the  iollowiiig  reaction  takes  place ; 

1.1.     C^H|^0,+  C_H^KH.NHj     =     CH^OH.(CllOH)^.CH  t;  N.NHC^H^ -fH^O 
i'bcnj-t  bydriuiiic.  I'hrnyl-gluco-hydrusoac. 

CjU^NH^4.ClIjOW.[CHOaj^.C(=:NJIUC^HJ.CiI  =  N.NHCjU^-fjraj 
Aniline:.  r]ii3)vl-|[luc(WU£on«. 

The  pben^-l  osazoncs  are  generally  needle-shaped  amall  crystals,  yellow 
in  color.  The  melting  points  of  the  different  osozones  differ  somewhat 
as  follows:  glucosBzono,  205'  C;  galactosawme,  192-195°;  maltosazone, 
206' ;  lactoeazono,  200'. 

The  hydrazonea  which  are  formed  in  the  reaction  are  generally  not 
crystalline,  but  in  the  case  of  mauuose  the  hydro^ouo  is  insoluble  and 
forma  colorless,  plate-like  crjstuls  (m.  p.  195')  which  make  the  identifi- 
cation of  this  sugar  very  easy.  It  heated  long-  enough,  however,  manuose 
will  form  tlie  y«llow  osazonu  also.  The  co'^tals  of  the  various  ouazDuos 
cannot  be  distinguished  easily  by  their  shapes.  Some  of  the  substi- 
tuted phenyl  hydrazines  give  more  insoluble  osaisones,  the  methyl  or 
ethyl-phenyl  hydrazine  being  often  employed.  Since  the  sugars  may 
be  regenerated  from  their  oaaitones,  this  is  one  method  which  may  be 
used  for  their  separation  from  a  sulutiou.  It  will  be  found  that  the 
speed  with  which  Uie  various  sugam  react  wilJi  phenyl  hydraziue  differs, 
being  in  llic  onlur  of  their  case  of  oxidatiau,  Icvulosc  reacting  witti  Iho 
greatest  ease,  and  lactose  most  slowly.  Levulosc,  monnose  and  glucose 
give  identical  osazonos,  showing  that  the  last  four  carbon  groups  in 
each  are  the  same  iu  configuration.  Glucosamine  readily  yields 
glucosoKone.  In  reactiuu  2  above  the  sugar  is  oxidized  to  an  osoue  which 
condenses  with  the  ttiird  molecule  of  phenyl  hydrazine. 

If  glucosaxone  is  treated  with  hydrochloric  acid  and  water,  glucosono 
ta  first  formed,  which  on  reduction  yields  d-fnictose.  Ohicosone  is  an 
aldehyde  ketone  of  the  formula:  tn,OII.{CnOIT),.CO.CHO.  By  this 
means  oue  can  convert  an  aldose  into  a  kctose.  Qlucosone  is  one  of  the 
first  products  of  oxidation  of  glucose  by  mild  oxidizing  agents. 

Tlio  foraialion  of  tliv  dbozodcs  ia  mndc  in  practice  by  using  pbenjl  tiydrulnt 
liydnMhlorlde  in  piaee  of  tlie  fre«  plipn,vi  h,vilrnitiic.  Jkv.  hrdrouhloride  is  used  for 
two  rtaacos:  both  bvcaUM  the  ult  it  m«ro  iitAble  than  the  free  biuo  uad  beouM 


44 


PnYSlOLOClCAL 


It  b  more  soluble.  Owing  to  hyilrol^tio  diiisociatioii  of  the  liyiliocfalctridc,  free 
lij^dro«lilorlo  acid  is  produced.  This  oliccks  the  spopd  of  the  reuotion  by  reduoing 
lli«  disMciatioD  of  the  *ugitr  And,  tnorcovnr,  thn  rcitetiou  of  tlic  phmj-l  hydrodite 
villi  tba  sugar  inrolvni  the  ftoc  tNini;  ul  Uie  tijdriixiEie  und  not  the  iuii  ol  the  salt. 
AoNTdlngl/  to  reduce  the  acidity  cf  Uie  hydroobloride  of  phGnjl  liydrasine  and  to 
liiicrejiM  tlvti  Bmounl  of  fre«  bun  it  Is  customary  to  add  sodium  acetate  t«  tbo  phenyl 
liydraiine  hydrocliloride.  This  mokes  sodium  cliloritlo  mid  plicnyl  hydri^ine  acetate, 
and  since  arctic  ncid  is  a  v«rj  weak  add  tlie  phenyl  hydrazine  ito«tat«  undergOM 
liydrolytic  dtiMacialioit  into  the  acid  and  tree  base  and  the  reaction  goes  mucli  better 
than  if  Uic  sodium  aml4it«  U  rot  used. 

By  the  use  of  mettiyl-pheuyl  hydrazine  (N«ubei^)  Uie  kctoses  tail  be 
(listin^iishvii  from  the  utcloseit.  The  kcloscs  form  osaeoncs  witli  this 
i-eagcnt,  whila  thb  aldoses  form  ouly  hydinzones.  A(»!ordiiig  to  Bctti 
the  uldosvA  may  also  he  Kvparatcd  from  the  ketofics  by  the  use  of 
y!f  •oaphthol-bctizy  I  amine, 

CeH. 

\C-H— KHj 

This  ootnbinea  euily  with  tlie  aldoses  to  form  a  crystnlline  product,  but 
not  with  lietoses.    Glucose  can  thus  be  readily  separated  from  levulose. 

Reactions  of  carbohydrates  with  ammonia  to  form  nitrogen  con- 
taining compounds.  Formaldehyde. — Ghicose  and  other  carbohydrates 
react  readily  with  ammonia  iu  weakly  alkaline  solutions  to  form  nitrogen 
coataiuitig'  substances  auch  as  the  amiuo-acids.  See  page  l&G.  By  this 
reaction  the  proteins  probably  originate  from  the  carbohydrates. 

Synthesis  in  Plants. — All  the  energy  of  the  aniranl  body  has  eomo 
in  the  long  run  from  the  sun  in  Ibc  form  of  light  encrgj'.  Wc  are  tho 
children  of  the  sun.  The  great  synthetic  ageney  on  tho  earth's  surfaeo 
has  not  been  heat,  but  light.  Living  matter  could  not  have  come  into 
existence  when  the  temperature  of  the  earth  was  very  different  from 
what  it  ia  at  present,  for  the  Activities  of  all  living  tilings  arc  limited 
practically  Ut  the  veiy  narrow  temperature  range  from  about  zero 
oentigrado  to  about  70'.  Light  is  to  day  actively  bringing  about  the 
syntheses  underlying  all  vital  pn)i>usH(>R  hikI,  iu  the  aliK^'ncc  of  evidence 
to  the  contrary,  we  may  believe  that  this  has  bwn  the  case  since  the 
ongio  of  living  matter.  Heat  prodnees  Us  Rynthesas  in  a  very  rough 
manner  by  the  inechanicnl  shocks  of  the  rapidly  vibrating  molecules, 
or  by  the  vibrations  of  the  atoms  in  tho  molecules;  but  light,  by  a  finer 
mechanism,  its  shorter  waves,  picks  out  the  very  bonds  of  the  atoms 
tiicmsotves,  tho  valence  electrons,  and  tears  them  away  from  or  injects 
(bcm  into  the  atoms.  Light  is  thu<)  an  enormously  more  powerful 
chemical  agent  than  li«at.  It  seems  from  t}ie  work  of  Drudo  and  his 
successors  that  it  is  the  valence  electrons  which  have  tlie  property  of 


i 


THE    CARBOIIYDRATICS 


45 


I 


I 
I 


ibrating  with  ligiit.  and  these  arc  responsible  for  the  refractiye  and 
color  properties  of  sulwtancea.  Of  the  Mght  waves  it  is  particularly  the 
short  ultra-violet  rays  which  are  most  powerful. 

The  synthesis  of  the  monosaccharides  from  c*rboii  dioxide  and 
water  is  at  present  carried  on  only  in  the  chlorophyll  or  other  pigmcnt- 
l>earing  plants  such  as  the  red  or  blue-green  algte;  but,  as  we  shall  see, 
chlorophyil  is  not  necessary  tor  this  synthesis;  it  only  makes  possibla 
the  utilization  of  parts  of  tlie  spectruiu  which  otherwise  cannot  be  used. 
The  synthesis  occurs  in  the  ehloropliyll  bodies  composed  of  chlorophyll 
and  protoplasm;  in  these  bodies  carbon  dioxide  and  water  unite  in  the 
sonli^t  to  form  carbohydrates  and  liberate  at  the  Miime  time  oxyg:en. 
If  green  leaves  aru  exposed  to  carbon  dioxide  and  sunlight  starch  appean 
in  them.  The  &ame  loaves  in  the  dark  make  no  starch  and  that  which 
existed  already  disappears.  Chlorophyll  is  not  neees8nr>'  for  the  trans- 
formation of  a  monOBOceliarido  into  a  polysaeoharido  since  glucose  turns 
into  starub  iu  the  roots,  or  tubers. 

The  method  of  tli«  synthesis  of  the  monosaccharides  while  in  some 
particulars  still  obscure  ha.s  been  greatly  illiimiDotcd  by  the  discovery 
that  light  itHolf,  and  partitrularly  ultra-violet  light,  even  in  tJio  absenco 
of  all  chlorophyll  or  protnptiiHm,  will  make  formaldehyde  and  oxygen 
from  a  mLxture  of  carbon  dioxide  and  water.  This  has  been  the  work  of 
Bertbelot  and  Qaudichon.  For  this  synthesis  ultra-violet  tight,  that  is 
light  of  very  short  wave  length,  beyond  the  apectrura  visible  to  our 
eyes,  is  most  elTeclive.  If  a  mixture  of  carbon  dioxide  and  water  is 
illuminated  by  the  light  of  a  mercury  are  in  a  tube  of  pure  silica,  this 
light  bt'ing  particularly  rich  in  ultra-violet  rays  and  silicii  not  absorbing 
them  as  does  glass,  it  has  been  found  that  tlie  mixture  very  quickly 
contains  hydroeen,  oxj'gcn.  carbon  monoxide,  oarbon  dioxide,  formalde- 
hyde and  hydrogen  peroxide.  The  reaction  goes  to  the  point  of  equi- 
librium ;  it  is  never  complete.  If  one  start  with  a  carbohydrate  solution, 
or  with  formaldehyde  and  oxygon,  the  reaction  is  reversed  to  the  sama 
mixture,  as  if  one  Ktarted  with  carbon  dioxide  and  water.  The  reaction 
whieli  ensaes  may  be  written  thus: 

Light  -f  2C0^  -f  iJtp    ~    Oj  +  CO  +  CH^O  -f-  IT^O^ 

The  energj'  of  the  ultra-violet  light  has  been  ahKorbed  and  appears  u 
the  potfflitial  energy  of  the  system  "  oxygen-formaldehyde."  It  is  gen- 
erally stated  that  the  energy  goes  into  the  formaldehyde  as  potential 
chemical  energy,  but  this  is  not  strictly  true:  the  energy  is  really 
represented  by  the  system,  "  O, — Ha,"  and  by  the  system,  "  Oxygen- 
formaldehyde,"  for  by  the  reunion  of  tlicao  mibstances  the  energy  is  set 
free.  In  a  still  narrower  sense  tlie  energy  may  be  said  to  be  locked  up 
in  tbe  oxygen  molcctile;  the  oxygen  atom  in  this  condition  being  actually 
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less  stable  (in  the  presence  of  water)  owini*  to  its  having  one  negative 
electron  loss  than  in  the  ionic  form,  or  when  il  m  nnitotl  with  hydrogen. 

Oxj'gcn  seems  particularly  sensitive  to  the  action  of  tliese  Ucht  waves, 
ft  great  many  organic  compounds  bein^r  easily  oxidized  in  light  and  in 
the  presence  of  oxygen,  but  being  quite  stable  in  the  dark  in  the  presence 
of  oxygen;  or  in  light,  in  the  absence  of  oxygen.  Cholesterol,  for  ex- 
ample, behaves  iu  this  way.  The  light  i;ynthesus  are  also  independent, 
or  largely  independtmt,  of  temperature,  so  that  light  syntheses  and  de- 
compositions will  oi-Tur  at  low  as  well  as  at  high  temperatures.  In  shorty 
the  chemist  has  in  light  an  enormously  more  efficient  and  finer  agent  for 
chemical  syntheses  than  he  has  in  heat. 

How  very  powerful  these  ultra-violet  radiations  are  is  made  apparent 
by  their  action  on  the  skin,  An  exposarc  of  the  skin  to  the  light  of  a 
quartz  mercur>'  tube  for  thirty  seconds  is  often  sufficient  to  cause  as 
severe  a  sunburn  as  one  will  ordinarily  have  after  a  day's  exposure  to 
the  snn;  and  the  destructive  action  of  the  rays  on  the  retiua  or  cornea 
is  said  to  be  so  great  that  glass  spectacles,  prefei-ably  dai-kened.  must 
always  be  worn  in  conducting  these  experiments.  Blindness  is  easily 
produced  by  the  rays.  Their  powerful  irritant  action  on  the  skin  is 
made  use  of  therapeutically  in  treating  skin  diseases  by  sunlight  or  by 
the  Kinscn  method.  The  irritant  action  of  these  ra>'S  greatly  aggravates 
the  skin  eruption  in  smallpox.  It  is  an  interesting  fact  that  although 
these  rays  irritate  the  eomea  in  so  destructive  a  manner  they  do  not 
give  rise  to  a  sensation  of  light.  We  cannot  see  by  them.  There  are, 
however,  creatures  whioh  can.  Ants  iwrceive  the  longer  of  lliese  ultra- 
violet radiations;  but  on  the  other  hand  they  cannot  perceive  light  at 
the  otiier  end  of  the  spectrum  which  is  readily  perceived  by  tis,  conse- 
quently ants  under  a  brownish-red  glass  which  absorbs  the  violet  end 
of  the  spectrum  arc  id  darkness  to  them,  whereas  wo  con  watch  them 
without  diffieulty.  The  ultra-violet  rays  from  the  sun  are  for  the  most 
part  absorbed  in  passing  through  the  atmosphere,  being  absorbed  by  the 
oxygen  and  moisture  of  the  air.  But  since  carbon  dioxide  is  always 
present  in  the  air  it  is  interesting  to  refleel  that  the  fundam^ental  syn- 
thesis of  formuMchydc  is  probably  goiug  on  all  tlie  time  in  the  air  at 
the  expense  of  these  rays;  and  ITjOj  and  hydrogen  are  constantly  form- 
ing. Before  the  carboniferous  period,  when  the  coal  now  locked  in  the 
earth  was  partly  in  the  air  as  carbon  dioxide,  this  synthesis  may  have 
boon  far  more  extensive  than  it  is  to-day.  Ultra-violet  light  is  then 
absorbed  by  carbon  dioxide  and  water  and  the  energy  thus  absorbed 
becomea  potential  energy  represented  chiefly  by  the  syst»a  oxygen- 
formaldehyde. 

The  amount  of  nltra-violot  light  reaching  the  earth's  surface  after 
paasizig  the  atmosphere  is  small,  and  the  advantage  of  chlorophyll 
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appears  to  be  Ltiat  it  makes  jxissible  Uie  utUizatioD  of  the  longer  li^t 
vibrations,  wliieli  reach  th«  oartli  in  greater  abiuidaucc,  or  witU  ]Qor« 
enmgy  in  them.  Chlorophyll  absorbs  in  the  red  or  orange  end  o£  tho 
spectrum  and  has  hcnec  a  green  color.  The  cnerKy  of  the  absorbed  red 
liglit  is  then  iisod  in  Uio  synthcaia  of  fonualdohyde,  just  as  the  uUm- 
violot  light  is  used  iu  I  he  absence  of  chlorophyll.  It  has  boon  suggested 
chat  cholorophyll  aei&  the  part  of  a  transformer,  absorbing  the  loug  waves 
uud  either  giving  oS  Khortor  nitra-violct  vibi-utioiis  or  in  an  Indirect 
vtay  bringing  the  same  s>*nt)iosiK  to  ptiss.  Chloropbyll  secma  to  act  much 
the  part  of  tlio  light  HCnKitizcra  athlcd  tn  photographic  plates  to  moke 
them  Sensitive  to  the  red  end  of  the  spectrum.  The  exact  manner  of 
action  of  the  chlorophyll  is,  bowovor,  not  yet  clear.  It  has  been  shown 
by  Priestly  and  Uslier  that  oliloropliyll  extracted  from  leaves  has  the 
properly  of  fonning  formaldeliyde  from  sunlight,  carbon  dioxide  and 
water,  so  that  living  matter  is  not  necessary  for  Uiis  fundamental  syn- 
tlieaia.  It  ia,  no  doubt,  not  without  significance  that  chlorophyll  solutions 
arc  flaorcsscent  and  that  uranium  salts  seem  to  have  a  similar  photo- 
dynamic  action  on  carbon  dioxide. 

Formaldehyde  thus  formed  ia  itself  tho  simplest  of  the  carbohydratee. 
If  made  very  faintly  alkaline  it  has  been  found  that  it  transfemis  itself 
spontaneously  by  condensation  into  a  mixture  of  sugars  calle<t  formose 
or  aerose.    This  condensation  goes  probably  as  follows: 


2U^C  —  o 


^.V.- 


Further  condensation  leads  to  the  hoxoses.  This  transformation  ia  all 
down  hill  as  far  as  the  energy  goes.  That  is,  the  reaction  is  exotliermic, 
one  moluctile  of  a  haxose  liberates  less  energy  on  oxidation  than  do  six 
molecules  of  Formaldehyde. 

The  transformal  ion  of  fonnaldchyde  into  a  true  monosaccharide  i% 
not,  however,  prodnrcd  in  plants  by  an  alkaline  reaction  for  plant 
protoplaimi  is  almost  neutral  in  reaction.  It  hna  a  hydrogen  ion  con- 
centration  of  about  .2X10""'  nonual.  Tlie  condensotiou  of  fomiol  would 
be  slow  under  these  conditious,  Moreover  plants  make  different  sugars 
so  that  tlie  transformation  must  be  directed  or  regtdate<l  in  some  way. 
It  is  necessary,  in  order  tliat  the  light  synthesis  should  go  steadily  for- 
ward, that  the  oxygen  and  the  formatdcihyde  should  lie  rnmoved  from 
the  niaetion  as  quickly  as  possible  so  that  equilibrium  cannot  be  estab- 
lisluxl.  An  additional  reason  for  the  n-moval  of  the  formol  is  that  the 
Utter  is  very  toxic  and  it  muat  bti  changed  to  some  non-toxic  substance. 
Plants  possess,  to  accomplish  these  ends,  a  catalytic  agent  of  some  kind 
as  yat  unkuon'n  which  converts  the  formaldeliyde  almost  as  quickly  as 
ir  is  formed  mto  bexoso  or  pentose,  so  that  at  any  instant  of  time  there 
ii  not  more  than  a  trace  of  the  aldehyde  in  the  leaves.    As  has  been  said. 
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hydrogen  peroxide  is  formed  in  the  light  reaction,  but  u  all  cclU  poasosB 
a  eatalase  to  convert  this  into  osygen  and  water,  oxygen  ig  at  once  freed 
and  escapes.  Hydrogen  peroxide,  if  it  aceuniulatcs,  would  destroy  the 
chlorophyll.  It  is  probable  that  some  animal  colls,  as  well  as  plants,  arc 
able  to  convert  formaldehyde  into  a  sugar,  since  some  animals  have 
chlorophyll  and  can  form  starch.  Volvox  or  Euglcua  viridis  have  this 
power.  It  baa  recently  been  stated  that  turUes'  liver  can  convert  for- 
maldehyde into  glyeogen,  but  the  proof  is  not  yet  convincing. 

It  is  probable  that  uoL  all  the  foruiol  produced  by  ligliL  synthesis,  or 
which  may  be  produced  in  the  reverse  process  of  the  decomposition  of  the 
carbohydrates,  is  used  in  making  carbohydrate.  Formol  is  extremely 
maotivc,  combining  with  amino-groups  (NH„)  wherever  they  are  unsub- 
«Utul«d  to  make  methylene  derivatives,  R — N^CHj,  which,  by  reduction, 
become  methyl  derivatives.  Many  methylated  bases  are  found  in  plants 
and  some  also  iu  animals.  Such  baaes  are  tholiue,  staehydrme,  betaine. 
creatine.  It  is  very  interesting,  also,  that  simitar  mcthytatious  happen 
in  tiio  animal  body  when  pyridine  and  some  other  compounds  arc  in- 
g«sted,  a  fact  which  would  indicate  that  formaldehyde  might  be  on 
intermediate  product  of  carbohydrate  metabolism  in  animals,  as  well  as 
in  plants.  So  far  as  the  author  knows  it  has  not  yet  been  isolated  from 
animal  tissues  as  it  has  from  plants,  but  formic  acid  is  found  in  the  brain 
and  elsewhere. 

The  chemical  composition  of  chlorophyll,  which  has  this  wonderful 
function  in  Ihe  world,  is  not  yet  knowu.  It  is  easily  extracted  from 
tt^vcs  by  ether,  but  is  then  mixed  with  various  lipin  impurities.  Wlien 
decomposed  it  >-ields,  like  hemoglobin,  the  coloring  matter  of  the  blood, 
pyrrol  derivatives.  It  is  evidently  related  more  or  less  closely  to  tlic 
bematinof  the  hemoiglobin,  hemopyrrot  being  identical  with  phytopyrrol. 
Unlike  hemoglobin  it  contains  no  iron,  hut  the  plant  must  have  iron  for 
ita  synthesis.  Ita  close  relationship  to  hemoglobin  is  further  established 
by  the  discovery  of  the  plant  chromoproteins,  phycoerythrin  and 
pbycncyan,  which  are  crystalline  conjugated  proteins  like  hemoglobin, 
but  they  are  found  in  plants  and  are  closely  related  to  their  chlorophyll. 
Chlorophyll  oontains  magnesinm  in  place  of  iron  in  its  molecule  and  it 
has  boon  suggested  that  its  powers  depend  on  the  prpscnce  of  this  ele- 
ii.'cnt.  But  there  is  do  good  reason  for  this  supposition  except  that 
magnesium  is  used  by  the  chemist  for  certain  condensations,  although 
under  widely  different  conditions  from  those  prevailing  in  plant  tissues. 
Tlomogloliin  also  absorbs  light,  but  it  is  the  light  chiefly  at  the  violet  end 
of  the  spectrum,  although  there  are  some  bands  in  the  green.  By  thia 
absorption  the  blood  pigment  is  supposed  to  protect  the  delicate  tisraee 
from  the  irritant  action  of  the  more  refractive  rays.  It  has  recently 
been  suggested  that  the  iron  which  is  always  present  in  the  chloroplasta 
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maldehyde  as  well  as  of  the  diloropliyll.  There  can  be  no  doubt  that 
many  colorless  plant  tisaues,  if  exposed  to  light  and  if  they  contain  iron, 
are  able  to  Nyntlia<tiKe  clilorophyll. 

Special  propenies  of  various  carbohydrates.  A.  monosaccharides. 
— d-Levulose  or  d-Fructosc.  This  is  one  of  the  most  uusiable  of  the 
monosaccharides.  It  is  a  I  evo- rotatory,  ketoae  hexo»e.  It  shows  the  prop- 
ert>'  of  rautai-otation. '  The  d-  does  not  meau  that  it  is  dextro-rotatory, 
but  that  it  is  related  to  d-glueo»e,  which  is  dextro-rotatory.  When  first 
dissolved  the  solution  exhibits  a  much  greater  rotatory  power  than  after 
gtaiidinB.  The  specific  rotation  of  the  fresh  solution  is[«Jf.*  = — 104.0* 
but  it  falls  gradually  to  ["Y^  = — 92.3°.  The  final  rotation  is  obtained 
quickly  by  the  addition  of  a  amall  amount  of  sodium  carbonate,  or  other 
woak  alkali.  It  is  one  of  the  sweetest  of  the  sugars,  being  sweeter  tliau 
glucose.  It  is  widespread  in  nature,  being  a  constituent  of  lusny  di-  and 
polysaccharides.  It  is  one  of  the  constituents  of  cane  sugar,  melitosc 
and  lupeose,  and  iuulin,  a  polysaccharide  of  the  dahlia  bulb,  is  composed 
of  le^Tilose.  It  reduces  allialine,  or  neutral,  solutions  of  copper  sails  at 
a  rale  faster  than  does  glucose,  but  the  total  amount  of  cuprous  oxide 
formed  per  molecule  of  sugar  is  less  than  in  glucose.  It  is  prepared 
readily  by  the  hydration  of  innlin  by  water  at  100",  or  by  the  hydrolysis 
of  cane  sugar  by  sulphuric  acid.  To  prepare  it  from  cane  sugar  the  mix- 
ture of  glucose  and  tevulose  known  as  invert  sugar  is  freed  from  the 
acid,  concentrated,  cooled  and  calcium  hydrate  added.  The  levulose  is 
prMupitatetl  as  the  calcium  salt,  which  is  filtered,  suspended  in  water 
and  decompoBe<l  by  carbonic  acid.  Pure  levnlose  is  white  and  crystal- 
lizes in  small  needles  (m.  p.  95°).  or  in  a  dense  mass,  which,  on  standing, 
slowly  decomposes,  particularly  in  the  light,  and  becomes  a  fnint  yellow 
color.  Levulose  is  easily  fermentable  by  yeast,  since  the  first  four  carbon 
atoms  have  the  same  configuration  as  d-glucose.  and  for  this  reason  it 
was  called  by  Fischer  d-levulose,  although  levo-rotalory.  d-  and  l-lcvulose 
have  been  synthesized  by  the  action  of  weak  alkali  from  formaldehyde. 
Tho  mixture  was  called  (r-acrose.  "When  heated  with  hydrochloric  acid, 
solutions  of  levulose  turn  a  deep  orange-red  and  by  this  reaction  thoy 
may  be  easily  distinguished  from  ghicnse  solutions.  I^evnlose  may  also 
be  distinguished  by  the  reaction  of  Spliwannff  described  on  page  865. 
It  forms  gineosaaone,  m.  p.  205*  C.  Levulose  together  with  other 
sugars  19  fonned  spontaneously  from  glnnase  hy  the  action  of  very  weak 
alkali. 

The  mutaroUtiou  of  levulose  is  probably  due,  like  that  of  glucose, 
to  the  fact  that  it  exists  in  solution  in  two  forms,  a  kotose  and  a  lactone 
form,  the  ketosc  form  being  vcrj-  much  stronger  rotatory  than  the  other. 
The  two  forms  suggested  are  the  following: 
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CH^OH 

HO— C— H 
H— t— OH 
H— C— OH 

in^OH 

Ketone  form. 


CH^OH 
HO— C . 

no— C— DO 
i  I 

H— C ! 

H— i— OH 

in^OH 

Lactone  form. 


d'Olucose  or  Dextrose.  Also  called  grape  sugar.  CeHiaOg.  This  is 
the  chief  constituent  of  commercial  glucose  and  is  formed  hy  the  action 
of  dilute  acids  on  starch ;  it  is  one  of  the  constituents  of  cane  sugar  and 
id  found  free  in  the  sap  of  most  plants  and  in  the  blood  of  many  ani- 
mals. Together  with  levulose  it  occurs  in  fruits  and  it  may  undoubtedly 
be*  called  the  most  important  monosaccharide.  The  glucose  found  in 
nature  is  d-glueose ;  it  is  dextro-rotatory,  the  specific  rotatory  power  being 
either  -|-105°,  or  -|-22°,  as  it  exists  in  two  varieties.  Ordinary  glucose 
in  water  solution  has  the  specific  rotatory  power  of  -{-^^•^'i  being  a 
mixture  of  the  other  two  varieties,  a  glucose  and  y  glucose.  This  mix- 
ture is  sometimes  called  yS-glucose.  In  a  fresh  solution  only  the  first, 
or  a,  variety  exists,  but  it  slowly  transforms  itself  into  the  y  variety 
until  a  point  of  equilibrium  is  reached.  This  happens  when  there  ia 
present  .368  parts  of  the  first  and  .632  parts  of  the  second.  This  is  the 
explanation  of  the  mutarotation  which  such  solutions  show.  The  point 
of  equilibrium  is  reached  only  after  a  day  at  ordinary  temperature  and 
in  neutral  reaction ;  but  the  addition  of  even  a  small  amount  of  alkali 
brings  it  to  pass  in  a  few  minutes.  The  two  forms  of  the  glucose  are 
supposed  to  have  the  structural  formulas  shown  as  follows : 


COH 

H— C— OH 

II— COH 

H— c— oif 

HO— C— H 

HO— d-H 

t 
H— C— OH 

H— C— 0— 

1 
II— C— OH 

H— <j— on 

(!h^oh 

(llH^CH 

a-  d-ghicoae. 

7- d- glucose. 

The  osazone  melts  at  205°  C.  Dextrose  crystallizes  with  one  molecule 
of  water  at  ordinary  temperatures  having  a  melting  point  of  86° ;  from 
concentrated  solutions  at  higher  temperatures  it  crystallizes  anhydrous, 
m.  p.  146". 

Commercial  glucose,  or  corn  syrup,  as  it  is  often  called  in  America, 
is  made  by  the  action  of  dilute  acid,  generally  hydrochloric,  on  potato 
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stvch  abroad,  but  out  of  com  starch  in  America.  Sulpliuric  acid  was 
at  ODC  time  used  m  ibe  hydrolyus  and  still  is  in  some  localitios.  Tho 
syrup  known  as  coumi«rcia1  ^lucoso  contains  often  a  largo  proportion 
of  dextrina  as  weU  as  glucose.  There  have  been  iu  th«  past  cases 
of  arsenical  poisoning  from  the  use  of  gliicos«  prepared  from  sulphuric 
acid  which  contained  anienic.  One  Ku<!h  <:»»»  occurred  in  England  and 
r<;saltcd  in  Uic  death  of  several  persons.  If  commcrciai  gUicasc  con< 
tftined  only  dextrose  and  dcxtnns,  no  objection  conld  bo  taken  to  its  uso 
as  a  food,  except  on  the  ^"ound  that  it  is  loss  sweet  than  cane  sugar, 
and  it  may  be  ased  as  an  adulterant  of  cane  syrup.  Unfortunately, 
however,  the  purity  of  the  commercial  article,  as  is  shown  by  the  acci- 
dent just  referred  to  where  it  was  used  in  brewing,  is  not  always  above 
suspicion.  A  further  difficuHy  arises  from  the  fact  that  purified  stareh 
may  not  be  used  as  tlie  raw  product,  and  the  possibility  exists  tliat  other 
substances  of  a  non-(^ttrbohyd^flte  nature  may  find  entrance  to  the  final 
product. 

1  The  fermentation  of  glucose  by  yeast,  with  the  production  of  alcohol, 
carbon  dioxide  and  some  other  substances  in  small  amounts,  is  one  of 
the  most  important  reactions  with  which  the  physiological  chemist  has 
tu  deal  and  it  has  of  recent  years  been  the  subject  of  many  investigations, 
but  its  mechanism  is  still  obscure.  The  diseovary  of  the  mechanism 
of  this  process  would  po.>isibIy  reveal  the  manner  in  which  rhc  dextrose 
molecule  is  broken  down  in  the  course  of  metabolism  and  the  deter* 
mination  of  this  fact  is  one  of  the  most  fundnmcntal  problems  of 
DiotaboliEm  and  nutrition.  Many  practical  advantages  would  probably 
come  fponj  its  diacovorj*.  The  fermentation  is  brought  about  by  an 
enzyme,  sifmase.  which  does  not  dissolve  out  of  the  yeast  coll  as  long 
B8  it  is  alive  and  is  accordingly  called  an  endoenzyme.  It  was  obtained 
by  Bucliner  by  grinding  the  yeast  with  sand,  mixing  it  with  diatomaceous 
earth  and  pressing  the  liquid  out  with  an  hydraulic  press.  It  may  also 
bo  obtained  by  treating  yeast  with  acetone,  or  the  vapors  of  methyl 
oJcobol,  and  in  other  ways  which  cause  the  discharge  of  the  fluid  con- 
tents of  the  yeast  cell.  The  nature  of  this  fc-rracntat  ion  change  in  glucose 
will  be  referred  to  again  in  the  chapter  on  the  melabolism  of  the  carbo- 
hydrates. 

d-Galactose.  This  monosaccharide,  a  hexose  aldose,  is  found  both  in 
animals  and  plants.  In  the  animal  body  it  is  made  in  the  mammary 
glands  and  forms  one  of  the  constituents  of  lactose,  or  milk  sugnr.  the 
other  constituent  being  glacoee;  it  possibly  occni-s  also  in  the  glyco- 
protein, mucin,  of  the  saliva;  and  it  is  an  important  constituent  of 
pbrenoein  and  tera.'?in,  substances  making  part  of  the  myelin  sheaths 
of  nerves.  It  appears  in  the  nervous  sj'stem  at  the  time  myelination 
begins.    In  plants  it  occurs  in  the  hcmi-cellulosc  of  the  endosperm  of 
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Mi^inia  oxruloa  wtiicli  yields  on  hydrolysis  galactoeo,  niannoee  and 
arabinoso ;  and  alRO  in  Uie  seed  coatn  of  peas  and  garden  beans  (PliaseoluH 
vulgaris)  which  yield  fractose,  galactose  and  arabinoHO.  S<;)inlKe  states 
that  carbohydraU's  yielding  mucic  acid  when  oxidized,  and,  hence,  con- 
taining galactose,  are  almost  bs  widespread  in  plant  seeds  as  cane  sugar. 
liupeofiO,  which  is  probably  a  tctrasnccharide  from  the  seeds  of  Lupinos 
lat«us  and  angustifoUus,  by  hydrolysis  yields  one-half  of  the  sugar  as 
galactose.  Liipooee  is  closely  similar  to  stachyose  and  to  a  carbobydrate 
from  tlie  seeds  of  Ciueraretriuiii.  Galactose  (m.  p.  162-164")  is  a  weaker 
acid  than  levulose,  but  a  little  strongnr  than  glucose.  In  a  copper  acetate 
solution  the  oxidation  goes  at  a  slightly  greater  speed  than  that  of  glu- 
cose, but  far  slower  than  lerulosc.  On  oxidation  in  an  acid  medium  by 
bromine,  or  chlorine,  or  nitric  acid,  it  yields  gatacfonic  acid,  C3i»0t. 
and  Etucic  acid,  CaHitO,,.  It  is  hy  the  latter  rcactiou  that  it  can  be  dis- 
tingoished.  It  is  fermented  very  slowly  by  ordinary  yeast.  It  is  inter- 
cstiiig  that  mucic  acid  corrodes  teeth  in  a  manner  closely  Eimilar  to  the 
eorrwion  occurring  in  the  months  of  some  people.  It.  may  be  the  active 
principle  of  this  corrosion.  Galactostizonc  metta  at  192-195*.  The  specific 
rotation  of  galactose  is 

(a)^°  ■=  -f  81J»  (10%  HluUon);  wben  first  diseolvod  [ii)^p  =  4-134.5*. 

Glucosidci.  These  arc  bodies  widespread  in  nature,  found  both  in 
animals  and  plants,  which  are  characterized  by  the  fact  that  on  hydroly- 
sis by  aeids  they  yield  glucose,  or  some  other  monosaceharide.  They 
are  in  reality  olhers,  that  is  oompotinds  of  some  alcohol  with  the  aldehyde 
group  of  the  glucose  or  carbohydrate.  Since  they  contain  no  free  alde- 
hyde they  yield  no  osazoncs,  nor  do  they  reduce  Fehling's  solution  with- 
out previous  inversiou.  The  simplc-at  glucosidcs  are  tlie  methyl  and  ethyl 
glncosides  produced  by  the  union  of  methyl  or  ethyl  alcohol  and  glucose, 
in  the  presence  of  hydrochloric  acid.  Other  sugars  oa  well  as  glucose 
yield  aoch  unions.  Thus  there  are  pcntosidcs  in  some  of  the  simpler 
nueleic  acids  and  glueosides  in  the  more  complex.  The  pentose  in  the 
former  case  is  d-ribose  and  the  other  component  guanine  or  adenine. 
The  formula  of  methyl  glucoado  is  the  following  (Fischer) : 


H— c— O.CH 
H— C— OH 
IIO-T— H 


H— r 

n— *''— ofi 


CH^.O.CII 


fl 


H— C— OH 


U 


OH 


a -Mctbrl-^ueoiide.      ,?-McUtyl'(;lueQ«ide. 
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Dicre  are,  as  wUl  be  seen  from  the  formula,  two  classes  of  glueoxid«s: 
the  u  and  the  fi.  The  former  are  split  hy  lualtaiic;  tlic  latter  by  the 
enzyme,  emulsin.  Lactone  is  a  /^-glucoside.  Thu  following  toblo '  will 
give  some  idea  o£  the  variety  and  imj>ortaiice  of  tbis  j^roup  of  substances. 
Many  of  thorn  form  the  avtive  priDeiplcs  of  &onio  of  the  best-known 
drugs. 

1.    Sthjfttne  (krtpafivct. 

Sini^in.  ni(!  pulnnium  «bU  of  myronic  acid,  ^  H  KS  KO  H  0.  Found  in 
blftc^  miut«rd  uni  htne  rAdisli.  lias  «  bnroinis  tutc.  Dccnnipufrs  on 
hydfolyajt  into  slucow,  allyl  muititrd  oil,  snd  potawitun  bisulphatv.  Kvr- 
nwntod  by  lti«  t-nzrme  myroiin,  found  in  muntard.  'rh«  fonauU  i*  M 
(ollowa: 

O— SOjOK  Uextroae.     Allyl  muaUril  oil. 

Slnaftilfi,  C  fl  .^,81.*.  Kouiid  in  white  pepper.  It  !ijdro]y»«  into  mustard 
oil,  IIO.C  11  .(.'11  .NCIS.  Rlucunr  anil  ainupin  Hulpli«U-,  -a  runip»iinil  iif 
cliolinc  and  •inapinio  acid  and  sntphiirk  aoid.    Jla  formula  is  aa  (ollowai 

c  H  o  .8.CJJCU  .c  II  on 

a   II  >  1    «    ♦ 

O.SO  -oc  ^n  o  N 

SiMpin  ia  (CH^O)jC;,Hj.ClI:ClI:CO.O.C||H^.NlCHg)jOH 

in 

Choline. 

Arfm'tM*.    Arbutln,  t^,,I),,0..  coinptHoil  of  glucose  aud  hfdroqtiinOnv, 
loittd  in  the  boarbirry.     It  Iihr  n  diiirt'tiv  action,  and  tfomc  antiMptic 
pow*r>. 

Sftlidn.  alto  ffAllcd  saligr^ln,  la  fouud  In  tli«  willow.  ^.J^,.^.-  Ptynlin  and 
FimiiMn  hjdrolya(<  it  to  glucose  and  aallgenin,  ortliunxjIiKiizjIiitcnlml, 
C  H  (OH).CH^OH.  Popiilin.  C^nH^O,.  "■  benMjrl  satiein,  is  foHnd  in  the 
bark  of  tbc  poplar,  I'opulua  trvniuln. 

BtyroScne  ifmirafirra.     DnrirHtivuH  of  ittTtoten*,  CH  .CU:Cn  . 

Coaiferin,  0  n  O^,  Carobium  of  conifers,  Bj-  «mul«in  liydfol3T*il  to  jtl»i«a« 
and  canlfer)'l  aJcolioI. 

I^IoThixin,  C   H.  O   .     Root  biirk  of  cliony   tind  other  fniit  trai'ii.     Ytvlda 
gluoOM   and    pblorctin,    0    II    O  .    tlic    pblnruKliicin    (jter    of    paraoxyliy- 
dratropie   aciiL     Prodtuita   glucoiitiTlB   In    mamniala.     ^ig^n^s-f  ^'i^  = 
OU.C,H^.CH(COOH),CUj  +C,H_,0^. 
p-oxfbydra tropic  acfd.    rblomglticin. 

Attlhrtetn^  don'rafi'vca. 

tn  this  group  occur  mnny  of  tlio  piirf;:aUve&.  llie  augur  may  be  Tbamnoae 
Is  place  of  ({liiFose.  CbryttnpliKiilc  acid  snd  cinoidinv  of  rhubarb  uccur  aa 
Klucosidea,  or  r  hit  mood  dtia.  Similar  Gub*t«ncca  are  found  in  Fninguk  aiid 
Jalnp.    Digitoxin,  snponin  and  stTophnnlb'rii  ni«  oIho  glucoaldts. 


'  Atibmrnlfd    from    a.  simiUr   talik    iii    Lbe    Enc} dopftliu    Britnnnica.  article 
"  OlwsoaidM." 
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Amygdalin,  C,oE,tNOii,  a  glucoside  in  the  bitter  almond,  is  decom- 
poeed  hy  maltase  into  glucose  and  mandelic  nitrile  glucose,  and  the  latter 
substance  hy  emulsin,  a  ferment  found  with  the  amygdalin,  into  glucose, 
benzaldehyde  and  hydrocyanic  acid. 

Saponin,  a  glucoside  from  Sapindus  utilis,  yields  on  hydrolysis 
d'fructose,  arabinose,  rhamnose  and  sapt^nin,  GigHjsO,.  The  saponin 
of  horse-chestnuts  yields  sapogenin  and  arabinose,  d-glucose  and 
d-fructose  (Winterstein  and  Blau). 

We  may  mention  also  the  fact  that  glucose  enters  in  similar  glucoside 
union  to  make  many  important  animal  substances,  as,  for  example,  some 
of  the  phosphatides  which  we  shall  consider  more  at  length. 

Table  II.    Illustbatinq  thb  HTDBco-yzina  Actioh  of  Vabioub  EnzYUXS  on  Dif- 

rtBKTXT  Qlucobjdsb. 

Glucoaides  acted  upon  and  hydrolfzed  hj 

ui 

Emulsin 

Amygdaline 

Cod  i  ferine 

I'iceine 

Salicine 

Hell  cine 

Esculine 

Arbutine 

Lactose 

Me  thy  l-d-galactoside-^ 

1  ten  zy  I -glucoside    (one  isomer) 

Glyceryl -glucoside     "        " 

Methy  1-d-glucosi  de-^ 

B.  Disaccharides. — Hexose  disaccharides  have  the  formula  CitHsaOn 
and  they  are  characterized  by  yielding  two  molecules  of  monosaccharides 
when  hydrolyzed.  The  hydrolysis  may  be  produced  either  by  proper 
ferments  or  by  the  action  of  acids.  The  following  arc  some  of  the  hexose 
disaccharides  which  have  been  obtained,  together  with  their  place  of 
occurrence  and  the  monosaccharides  which  they  yield : 


I 

n 

Inrertin 

Maltase 

Saccharose 

Maltose 

Rafflnose 

Me  thy  1-d-gl  ucosi  de  -  o 

Gen  tia  nose 

Ethyl'd-glucoside-o 

Benzyl  glucoside 

Glycerine  glucoside -a 

Amygdaline 

Trclialose 

Mcthy  1-d-  f  ructoBide 

D  i  sac  cli  aril)  e 
Cane  sugar.    (Sucrose) 
(Saccharose) 

OccDTrcDce 
Sugar  canej   beets 

(Saccharum  ofQcinarum) 

Yielde  on 
liydroljsia: 

Levulose 
Dextrose 

Maltose 

Germiaatiug  barley 
Digestion  of  starch 

Dextrose 
Dextrose 

Lactose 

Milk 

Dextrose 
Galactose 

Trclialose 

Various    fungi.     Boletus 
edulia.   Ergot.   Trehala 

Dextrose 
Dextrose 

^  It' lib  lose 

From  melitose  in  molasses 
Australian  manna 

Galactose 
Dextrose 
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Bi8accliari<.Ies  have  been  artificially  synlhcaized.  Thus  two  molecules 
of  glucose  unite  in  the  presence  of  acids  to  form  a  small  amount  of 
ijBOmalUiee,  a  disacchariile  which  is  tike  maltoHe  but  diffent  from  it  iu 
famng  amorphous  and  not  fermeuLing  with  yeast.  Cane  sugar  has  been 
^jTiUiesized  by  Marchlewski  from  potassium  fructosale  and  aeclo-chloro- 
(flucose,  and  also  by  Nef  from  weakly  alkoline  glucose  solutions.  In 
fact,  it  18  probable  that  in  every  solution  of  glucose  a  small  amount  of 
iiialloM}  or  isomaltose  is  formed  spontaneously,  but  iu  the  absence  of 
acid,  or  the  ferment  mallase,  the  reaction  goes  very  slowly. 

Cane  sugar.  Sttcrose  or  Saccharose.  C,,H„0„.  This  is  com- 
mercially iJie  most  important  of  the  disaccbflridca.  It  is  a  crystalline 
sugar,  Yer>-  sweet  to  taste,  which  reduces  Kchling's  solution  so  slowly 
that  it  is  generally  eaid  not  to  reduce  it  at  all.  It  is  readily  oxidized 
in  acid  solution.  It  is  dcxtro-rotatoiy,  the  specific  rotatory  power  being 
[a]  V'=+66.67'  (varies  with  concentration).  It  molts  at  160',  and  at 
300*  Ifl  changed  to  a  brown  mass  of  caramel  by  the  loss  of  water.  It 
yields  KaceliaratcH  wilii  lime,  slroutia  or  barium  hydrate.  Cane  sugar 
is  inverted,  that  is  changed  into  a  mixture  of  glucose  and  lenilose,  by 
the  action  of  acid-s,  or  tht:  enx>'mc  invertitt,  which  is  found  in  beets, 
in  the  intestinal  secretions  of  mammab,  in  many  plants  and  in  yeast, 
Saccliaromyces  cerevisiae.  The  fact  that  it  dots  not  reduce  Fehling's 
solution  and  forms  neitlier  a  hydrazone  nor  an  osazone,  leads  to  the 
conclusion  that  the  aldehyde  and  ketone  groups  cannot  be  free  but  must 
be  substituted,  and  the  following  slnicturat  formula  has  teen  proposed 
for  it: 


■CII- 


-o 


ilO-OH 
hIj— OH 
_<!-H 

ncoH 
(!:n.on 


CHjOH 


CH^on 


FiK^btT  furiuula  for  oane  Bugu. 


When  cano  sugar  is  hydrolyzed  the  superior  rotating  power  of  the  leva- 
loee,  aa  comporetl  with  tbe  glucose,  causes  the  total  rotation  of  the  mix- 
tore,  which  is  called  invert  sugar,  to  bo  levo-rotatory,  in  place  of  dextro- 
rotatory. For  this  reason  the  sugar  is  said  to  be  inverted.  In  studying 
the  rale  of  rotation  in  the  polariseope  it  is  important  to  remember  that 
dextrose  has  a  far  greater  mutarotation  than  levulose.  The  glucosa 
first  set  free  from  the  levulose  has  a  ver>'  high  deitro-rotation,  nr.glacose, 
BO  that  the  inversiwi  progresses  faster  Ihim  ono  would  suppose  from  the 
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I)o1aruuelric  detci-uiuiatiou.  This  vrror  c&xx  he  avoided  hy  adding  to 
Ute  invert  mixture  a  small  amouut  of  sodium  enrbounte,  which  cbusch 
th*:  glucoKC  lo  lake  lis  slalflv  rotuloo'  power  almost  at  oucc,  and  tht: 
reading  will,  tliurtil'uru,  citablv  Oiiu  lo  dctormine  tlic  amount  o£  inversion 
which  has  takeu  place  before  the  alkali  iii  added.  The  specific  rotatory 
|)Ower  of  invert  sugar  ig[ii]f,''*= — 19.84'  (C=5).  Cane  sugar  do<8  not 
foiiibino  with  plii>uyl  bjdrazitie. 

Lactose.  C,,U„0„-f-H,0.  This  is  the  sugar  of  milk,  but  it  is  also 
found  at  fimcii  tu  the  uriuu  of  pregnant  animalx  and  in  the  amniotic 
liquid  of  tliu  cow.  It  is  formed  in  the  mamnmr}'  glands.  It  is  not  nearly 
so  swent  as  catic  sugar  and  unlike  it,  it  reduces  Fehling's  solution  as 
ruadily  ah  (clucose.  It  forms,  also,  an  osazone  moltiiig  at  200*  C.  When 
hydrolyzed  by  acids  it  breaks  into  galactose  and  glucose,  and  it  hydro- 
lyzos  at  a  much  slower  rate  than  does  cane  sugar.  It  is  also  hydrolyzed 
by  an  enzyme,  lactHHc,  found  in  Die  intestinal  mueOHa.  It  sIiowh  mutaro- 
lation.  When  first  dissolved  fM]'^,**":=+87'  (82.9T).  Its  final  specific 
rotatory  power  is  I'f]',*  =4-52.53°.  Lactose  does  not  ferment  with  yeast 
nor  can  it  be  used  as  e  food  by  miimHl  tissues.  It  must  be  hydrolyRcd 
first.  It  is  hydrolyzed  and  fermented  by  lactase  in  the  alimentary  canal, 
and  by  several  of  the  bacteria,  for  example  by  the  bacillus  coll  com- 
munis, but  not  by  the  typhoid  bacillus,  and  this  constitates,  tlierefore, 
one  way  of  distinguishing  tlicsu  two  tipeoius.  It  is  an  interesting  quett- 
lion  whether  lactoKC  is  a  glueose-galaetoaldo  or  a  galactose  glncoside.  lu 
other  words,  is  the  aldehyde  group  of  tlie  galactose  or  of  the  glucose 
concerned  in  the  union  of  the  tivo  moleeulia.  This  point  ran  be  deter-  * 
mined  in  two  waj-s.  "We  may  oxidize  the  lactose  gently.  By  tJiis  the 
free  aldehyde  group  will  be  oxidiz<td,  but  not  the  aubKtitutc;d  one.  Then 
by  hydrolysis  there  will  be  obtained  cither  galactonic  acid,  if  the  galac- 
tose aldehyde  was  free ;  or  gluconic  acid,  if  the  glucose  aldehyde  was 
froe.  The  other  component  will  ho  preaent  as  a  hoxofle  and  it  can  be 
sftparatod  &s  the  osazono.  Another  iiielhod  is  to  form  the  usa^touG  of  the 
sugar  and  then  the  osone  and  to  hydrolyzc.  The  osouu  obtainod  indi- 
cates in  which  part  of  the  moleeule  the  free  aldose  grou|)  was  (Fischer 
and  Armstrong).  Ity  iUphc  mL-thodM  it  iiiw  btx-n  found  Ihat  lactose 
is  a  glucose-galartoKidc.  That  is,  the  aldtliyde  of  the  galactose 
is  substituted  by  the  glacosc  moloculc,  the  free  aldose  being  the  glu- 
cose. On  the  other  hand,  melibiosc  is  a  galaetose-ghH'oside.  The  struc- 
tural formula  of  lactose  is  heuee  probably  that  shown  on  the  next 
page. 

Lactose  is  easily  distinguished  from  glucose  and  maltose  hy  its  non- 
fcrmentability  by  yeast  and  by  its  yielding  mucic  acid  when  heated  with 
nitric  acid.  It  is  split  by  cmulsin,  but  not  by  plyalin.  Since  tlie  free 
aldehyde  group  of  lactosa  is  in  tlu;  glucoao  molecule,  bromine  water 
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oxidizes  this  group,  forming  laetobionic  acid,  C,2HjjO,j,  which  on  hy- 
drolysis is  converted  into  d-gluconie  acid  and  galactose. 

H 
i 0 C  =  H. 


I 

II— 0— OH  HO— <J— H 

HO— C— U  110— C—H 

_  O— C— H  H— C— OH 


n— c— o 


H  HO— C—H 

CH^OH  COH 

d- galactose.  d-glucoae. 

Formula  of  lactose. 

Maltose.  CuHjaOii+H^O.  This  is  one  of  the  commonest  and  most 
important  of  the  disaccharide  sugars.  It  is  formed  by  the  action  of 
amylase  on  starch,  and  since  both  the  enzyme  and  starch  are  almost 
universal  in  the  plant  world,  and  the  enzyme  and  animal  starch,  or 
glycogen,  widespread  in  the  animal  world,  maltose  is  very  common  in 
animal  and  plant  tissues.  It  crystallizes  readily  in  white  needles  which 
contain  one  molecule  of  water.  It  reduces  FehUng's  solution,  but  a  given 
weight  of  glucose  reduces  more  copper  hydrate  than  the  same  weight  of 
maltose.  It  forms  an  osazone,  more  soluble  than  glueosazone,  which  melts 
close  to  that  of  glucose  at  206°  C.  Maltose  is  dextro-rotatory,  its  specific 
rotation  being  [''']y"=+137,  computed  for  CuH^jOii  and  after  stand- 
ing. The  beginning  rotation  is  +121.  On  hydrolysis  by  acids,  or  by  the 
enzyme  maltase,  it  splits  into  two  molecules  of  dextrose.  It,  like  cane 
sugar,  is  an  «-glucoside  and  is,  accordingly,  not  hydrolyzed  by  emulsin. 
(Contrary  to  lactose.)  Maltose  may  be  distinguished  from  glucose  by 
the  fact  that  when  heated  with  dilute  acids  the  reducing  power  of  the 
maltose  solution  increases,  whereas  that  of  glucose  undergoes  no  change. 
Maltose  is  not  so  sweet  as  cane  sugar  and  it  readily  ferments  with  yeast, 
showing  that  yeast  must  have  a  maltase  in  it.  It  is  possible  that  maltose 
may  be  directly  utilizahle  by  animal  tissues,  but  this  is  still  in  douht. 
The  formula  of  maltose  is 

H— C -— — — 0 C—H, 

H— c— OH  '  no— (!;— II 

HO— C—H       '  no— C—H 

H— C— O 11- C— OH 

H— c— OH  i:()— c— n 

i::h^oh  hoc 

(1 -glucose.  d-glucosc. 
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C.  Polsrsaccharides  which  are  colloidal  in  aqueous  solution,  or 
which  are  insoluble. — The  more  important  of  the  polysaccharides  are 
starch,  or  amylum,  cellulose,  glycogen,  dextrins,  various  gums,  mucilages 
and  inulin.  They  are  aU  soluble  in  water  with  the  exception  of  cellulose, 
and  they  form  emulsoid  colloids,  which  may  be  precipitated  by  Baits. 
Only  a  very  brief  accoimt  of  some  of  their  properties  need  be  given 
here. 

The  formation  of  polysaccharides  from  monosaccharides  is  probably 
an  attribute  of  all  living  matter,  just  as  the  formation  of  proteins  from 
amino  acids  is  an  attribute  of  all  living  matter  without  exception.  This 
transformation  apparently  takes  place  very  easily.  Thus  a  small  amount 
of  alkali  will  cause  a  condensation  of  some  molecules  of  monosaccharides, 
and  small  amounts  of  acid  wiU  make  some  iso-maltose  from  glucose.  We 
do  not  know,  however,  how  this  transformation  is  produced  in  living 
matter.  Whether  the  condensation  is  due  to  a  simple  dehydration,  or 
whether  the  phenomena  of  oxidation  and  reduction  play  a  part  in  it.  It 
seems  in  animal  tissue,  at  any  rate,  that  the  synthesis  of  glycogen  from 
glucose  cannot  take  place  if  the  cell  is  anesthetized,  a  fact  which  is  taken 
by  some  to  indicate  that  the  respiration  of  the  cell  is  in  some  way 
involved  in  this  condensation.  The  whole  subject  is  a  fertile  field  for 
investigation. 

Starch.  Starch,  or  amylum,  is  a  polysaccharide  of  glucose  which  it 
yields  on  hydrolysis  with  acids.  It  may  be  composed  of  maltose  groups, 
since  it  yields  maltose  on  hydrolysis  by  ptyalin,  an  enzyme.  The  formula  is 
generally  given  as  (CaHi(,0,)  „,  but  it  is  very  hard  to  prepare  starch  entirely 
fi-ee  from  phosphoric  acid.  It  is  possible  that  phosphoric  acid  is  in  union 
with  the  starch  molecule.  The  size  and  composition  of  the  starch  molecule 
is  still  very  uncertain.  A  recent  determination  of  the  number  of  hexose 
molecules  in  the  molecule  of  some  of  the  polysaccharides  using  a  colori- 
metric  method  gave  the  following  results : 

Starch 7  licxose  groups. 

(alfCOgen     8  0 

Ery thro- dextrin  ...  4 

Achroodextrin    ....  4 

BafQnoee    3 

Maltose    2 

Lactoac    2 

Soluble  starch,  which  is  formed  from  starch  by  the  action  of  hot  water, 
dilute  acids  or  amylase,  is  dextro-rotatory,  (rt')y"*=+190.24  (c=3.995). 
Brown,  Morris  and  Millar  give  («')b=+202°. 

Oums.  These  are  white,  guuuny  substances  soluble  in  water  but  gen- 
erally precipitated  by  Fehling's  solution  and  very  widespread  in  nature. 
They  nearly  always  contain  phosphoric  acid,  which  it  is  impossible  to  get 
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entirely  separated  from  the  organic  matter  without  hydrolysis.  The 
phosphoric  acid  appears  to  be  in  union  with  the  gum  molecule  and  it  is 
not  impossible  that  it  plays  a  very  important  part  in  the  synthesis  of 
the  gum.  These  may  be  complex  phosphatides.  The  gums,  like  the 
starches,  form  electro-negative  colloidal  solutions.  Qums  are  found 
chiefly  in  the  plant  world,  although  there  is  some  evidence  that  they 
occur  also  in  the  animal  world.  There  is  one  always  associated  with  the 
enzyme,  invertin.  It  is  a  white  gum,  easily  obtained  from  brewer's 
yeast.  It  yields  on  hydrolysis  both  mannose  and  glucose.  Many  of  the 
gams  contain  either  rhamnose,  or  arabinose,  or  other  pentoses.  Thus 
the  gum  associated  with  the  enzyme  amylase  yields  arabinose  on  hydroly- 
sis. The  mucilages  resemble  the  gums  except  that  they  are  more 
hygroscopic  and  their  solutions  will  not  filter.  Gum  arable  is  one  of 
the  best-known  gums.    Many  of  the  gums  contain  galactose. 

Cellulose.  This  is  the  main  constituent  of  wood.  This  polysaccharide 
forms  the  main  part  of  the  wall  of  plant  cells.  It  is  also  found  in  some 
animals  such  as  the  tunicates.  There  are  probably  many  different  cellu- 
loses, but  the  composition  of  the  more  complex  members  of  the  group 
is  still  unknown.  Cellulose  is  insoluble  in  all  ordinary  solvents,  but  dis- 
solves in  ammoniacal  copper  sulphate  solution.  Cellulose  docs  not  reduce 
Fehling's  solution,  but  on  hydrolysis  with  acids  it  yields  glucose  and 
some  other  sugars  which  do  reduce.  Nitric  acid  converts  cellulose  into 
the  nltro-derivative  known  as  guncotton,  a  very  explosive  substance. 
Hemi-celluloses  are  found  in  many  seeds  and  young  plant  tissues  and 
they  serve  either  as  reserve  foods  or  as  supporting  tissues.  They  yield 
on  hydrolysis  galactose,  arabinose  or  rhamnose,  mannose  and,  some  of 
them,  fructose.  They  are  probably  simpler  in  composition  than  the 
cellnloses.  Concentrated  sulphuric  acid  dissolves  cellulose,  which  may  be 
precipitated  from  it  by  the  addition  of  water.  The  cellulose  is  changed 
by  this  process  into  a  compound  which  gives  a  blue  color  with  iodine 
(amyloid). 
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C.  Polysaccharides  which  are  colloidal  in  aqueo 
which  are  insoluble. — The  more  important  of  the  pol; 
starch,  or  amylum,  cellulose,  glycogen,  dextrina,  various 
and  inulin.  They  are  all  soluble  in  water  with  the  exeep 
and  they  form  emulsoid  colloids,  which  may  be  precij 
Only  a  very  brief  account  of  some  of  their  propertiei 
here. 

The  formation  of  polysaccharides  from  monosacchai 
an  attribute  of  all  living  matter,  just  as  the  formation  < 
amino  acids  is  an  attribute  of  all  living  matter  without 
transformation  apparently  takes  place  very  easily.  Thui 
of  alkali  will  cause  a  condensation  of  some  molecules  of  i 
and  small  amounts  of  acid  will  make  some  iso-maltose  fr 
do  not  know,  however,  how  this  transformation  is  pn 
matter.  "Whether  the  condensation  is  due  to  a  simple 
whether  the  phenomena  of  oxidation  and  reduction  play 
seems  in  animal  tissue,  at  any  rate,  that  the  synthesis  c 
glucose  cannot  take  place  if  the  cell  is  anesthetized,  a  fBi 
by  some  to  indicate  that  the  respiration  of  the  cell 
involved  in  this  condensation.  The  whole  subject  is  s 
investigation. 

Starch.    Starch,  or  amylum,  is  a  polysaccharide  o! 
yields  on  hydrolysis  with  acids.    It  may  be  composed 
since  it  yields  maltose  on  hydrolysis  by  ptyalin,  an  enz' 
generally  given  as  ( CaHmO,)  „,  but  it  is  very  hard  to  pi 
f]-ee  from  phosphoric  acid.    It  is  possible  that  phoay 
with  the  starch  molecule.    The  size  and  compositioT 
is  still  very  uncertain.    A  recent  determination,  c 
molecules  in  the  molecule  of  some  of  the  polyaa 
metric  method,  gave  the  following  results : 

starch t  liexoM 

tiljrcogca    a-0     " 

Brytfaro-dextrin  ...  4  " 

Achroodeztrin    4         " 

RaffinoBe  3 

Maltose     2 

LftctoBc    2 

Soluble  starch,  which  is  formed  from.    s.tare' 
dilute  acids  or  amylase,  is  dextro-rotatoi*y,  ( 
Brown,  Morris  and  Millar  give  l/f)u=  — (-20 
Gums.    These  are  white,  gummy  svil^^i 
erally  precipitated  by  Fehliog's  solut  i*.">i"' 
They  nearly  always  contain  phosplioi'i  ■  " 
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CHAPTER  III. 


THE  LIPINS. 


FATS,  OILS,  WAXES,  PHOSPIIATmES, 
STEUOLS. 


It  wUl  be  recalled  that  all  living  raattcr  contains  a  larpor  or  smaller 
loant  of  organic  substano«s  which  are  soluble  in  alcohol,  ether  and 
>lher  fat  solvents.  Theae  substances  help  to  give  to  protopln-sm  its  prop- 
rties  of  containing  I«rge  amounts  of  water  but  not  disKoIving;  and  also 
'^e  power  of  taking  up  readily  and  in  large  ainoiintH  chloroform,  clher 
and  other  suhstanceR  soluble  in  fats  but  not  readily  soluble  in  water. 
Tlicy  are  among  the  fundamental  and  cvcr-prcsnnt  constituents  of  living 
matter.  Thny  may  be  given  tho  group  name  of  I ipJns  (Greek.  Hpos,  fat) . 
In  this  chapter  the  amount,  chemical  nature,  origin  and  boqic  of  the 
aueral  properties  of  the  more  important  of  these  substances  will  be 
lidered,  while  certain  of  them  found  chiefly  in  some  special  ti^isuc 
like  the  brain  will  be  dealt  with  more  completely  in  tlie  chapters  deal- 
ing ttith  the  chemistry  of  the  organs. 

Properties. — ■While  the  group  of  lipins  contains  such  widely  dif- 
ferent chemical  sulwtnncra  a.s  tho  aromatic  essential  oils,  like  clove  oil, 
the  true  neutral  fats,  like  mutton  tallow,  the  sterols,  which  are  aromatic 
tftlcobols,  and  the  phosphatides,  or  phospholipins,  which  conlAin  large 
lotmts  of  phosphoric  acid,  the  members  of  the  group  all  possess  two 
three  properties  in  virtue  of  which  they  are  called  lipins.  These 
sropcrtics  are  their  greasy,  or  fat-like  fet^l,  their  solubility  in  chloroform 
id  fat  solvents,  and  tlicir  insolubility  in  water.  They  constitute,  then, 
very  heterogeneous  group,  chemically  and  physiologically.  The  fol- 
)wing  classiAcation  based  on  that  proposed  by  Gics  will  give  a  general 
lew  of  these  bodies: 

LIPINS.     CLASSIFICATION. 

iilPINS.     Alco)iol-«th«r  eolnlOn  (AnatitticntM  or  pratafilaam  living  a,  grenay  feel  uid 
InsolubtD  in  n-st>?r. 

|«t   Pals.     NeiitTiiI  <^Htl^r■  of  jlyeeroi  nnil  (alt_v  fipidn  which  aro  wilid  ni  20''  C- 
|b|   P«ity  acids. 
Fattj'  oils.     Nenlral  etUrTs  nf  gljrcerol  nnH  fntty  aoifis  liquid  at  20°  C. 

A.  Dryini!  oils.    Unrdcn  ou  exposure  Ui  light  and  nir.    LJOiecd  oil, 

B.  Semi-drrinit    nilii.      Ttiti'kon    .ilouly    on    exp(i»iirL>    to    lijiht   nnil    nir. 
Cntiaoa«^  ill. 

0.    Kon-(lr7iii|tnilH.    Itimniri  1Ii|iii-l  on  exposure  to  light  ard  air.    OIItcoII. 
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3'  Essential  oils.  Volatile,  generally  odoriferous  BubBtanoea  of  oily  and  of 
varied  chemical  nature,  being  aldehydes,  acids,  terpenes,  alcobols,  etc. 
Oil  of  cloveB,  turpentine,  wintergreen,  etc. 

4.  Waxes.  Eaters  of  sterols  and  fatty  acids.  Beeswax,  camauba  wax.  Sperm 
oil.    Spermaceti. 

6.     Sterols.    Alcohols,  generally  of  terpene  group,  solid  at  ordinary  tempera- 
tures.    Cholesterol,  pbytosterol,  cetyl  alcohol,  myricyl  alcohol,  etc 
(Oxidation  products  terpenic  acids.) 

6.  Phospbo-lipins.     Phosphatides.     Fatty  substances  yielding  on  hydrolysia 

phosphoric  acid  and  fatty  acids. 

A.  Mono- amino-monophospholi pins.     Lecithin,  cephalin. 

B.  Di -amino- monophospholipins. 

C.  Mano-amino-diphospholipins. 

7.  Glyco-lipins.     Fatty  Bubstances  yielding  on  hydrolysis  fatty  acids  and  a 

carbohydrate,  generally    glucose   or   galactose.      Contain    no    phosphorus. 
Cerebron.    Kerasin.    Phrenosin. 

8.  Sulpbo-lipins.     Fatty  substances  yielding  on  hydrolysis  fatty  acids  and 

sulphuric  acid.    Sulphatide  of  brain.    Protagon.    Nature  still  undetermined. 
6.     Amino-Iiptns.    Fatty  substances  containing  amino  nitrogen  and  fatiy  acids. 
Contain  no  phosphorus.     Not  well  characterized.     Bregenin. 

Historical. — The  fats  were  the  first  of  the  three  great  classes  of  food- 
stuflFs  to  have  their  composition  determined.  This  was  the  work  of  the 
French  chemist,  Chevreul,  in  1814.  He  found  that  fats  were  saponifiable 
by  alkalies  into  glycerol  and  fatty  acid.  He  discovered  and  named 
cholesterin,  or  solid  bile,  which  was  a  non-saponifiable,  fat-like  substance. 
Chevreul  is  notable,  also,  for  living  longer  than  any  scientist  since  Aris- 
totle, djang  at  the  great  age  of  102,  in  the  year  1889. 

Amount. — The  amount  of  lipins,  that  is  of  ether-alcohol  soluble,  fat- 
like substances,  found  in  different  cells  and  tissues  is  widely  variable, 
and  the  character  of  the  lipin  is  peculiar  to  each  tissue,  but  in  general 
a  tissue  composed  chiefly  of  living  matter,  but  not  serving  as  a  depot 
of  fats,  contains  about  1-10  per  cent,  by  weight  of  lipins.  Of  the  total 
organic  matter  of  a  rapidly-growing  tissue,  such  for  example  as  an 
embryo  pig,  about  1.6  per  cent  is  lipin.  In  some  tissues,  however,  the 
amount  is  much  greater.  In  the  sperm,  eggs,  brain  and  snpra-renal 
capsules  of  mammals,  for  example,  the  lipin  makes  about  7.58  to  19.51 
per  cent,  of  the  wet  weights;  and  in  those  tissues  which  are  the  store- 
house  of  fat,  such  as  the  subcutaneous  fatty  tissue,  the  mesenteric  fat, 
or  bone  marrow,  even  as  much  as  90  per  rent,  by  weight  may  be  lipin. 

The  fats  and  fatty  oils. — Composition.  The  fats  and  fatty  oils  are 
the  neutral  esters  of  the  tri-hydric  alcohol,  glycerol,  and  certain  higher 
fatty  acids  such  as  palmitic,  CinHj^Oi,  stearic,  CisH^nO,,  oleic,  CigH„Oa, 
etc.  They  are,  therefore,  compounds  of  carbon,  hydrogen  and  oxygen, 
but  they  contain  far  less  oxygen  in  proportion  to  the  carbon  than  do  the 
carbohydrates.    The  fats  differ  from  the  oils  physically  in  that  they  are 
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8<^d  at  ordinary  temperatures,  whereas  the  oils  are  liquid  at  ordinar}' 
{18-25°  C.)  temperatures;  and  chemically  they  differ  in  that  the  fatty 
acids  of  the  fats  are,  for  the  most  part  or  wholly,  saturated ;  while  in  the 
oils  some  of  them  are  unsaturated.  A  typicEil  fat  is  tri-palmitin,  or 
tri-stearin.  These  two  constitute  the  chief  parts  of  the  fats  of  mammalB. 
These  fats  have  the  following  composition : 

HO  HO 


(CH^),.-CH, 
'CH.)„-CH, 


(CH,)„-CH, 


(CH.)„-CH. 


H— C— O— C—  ( CH^ )  „— CH^ 


HO  HO 

Tri-palraitin,  or  palmitin.  Tri-stearin,  or  Btearin. 

A  typical  oil  is  tri-olein,  which  is  the  chief  constituent  of  olive  oil  and 
which  is  composed  of  glycerol  and  three  molecules  of  the  unsaturated 
acid,  oleic  acid. 
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It  is  obvious  that  by  substituting  other  fatty  acids  many  different 
fats  can  be  made.  A  great  number  of  these  exist  in  nature ;  and  in  fact 
the  different  tissues  of  the  same  animal,  or  the  corresponding  fats  of 
different  animals,  differ  either  in  the  nature  or  proportion  of  the  fatty 
acids  in  the  fats.  Thus  cold>-blooded  animals,  such  as  fishes  and 
amphibia,  have  fats  which  are  fluid  at  ordinary  temperatures.  They 
are,  in  reality,  oils  and  contain  much  unsaturated  fatty  acid,  either  oleic 
or  an  analogous  acid.  The  fat  of  the  earthworm  contains,  for  example, 
butyrin,  4.47  per  cent. ;  olein,  87.42  per  cent. ;  stearin  and  palmitin,  8.11 
per  cent.  In  naturally  occurring  fata,  such  as  lard,  lard  oil,  tallow  or 
milk  fat,  there  are  always  present  the  glycerides  of  various  fatty  acids. 
No  natural  fat  as  it  occurs  in  the  tissue  contains  only  a  single  glyceride, 
and  the  glycerides  may  contain  more  than  one  kind  of  fatty  acid.  In 
lard  and  tallow,  the  glycerides  are  chiefly  those  of  stearic  and  palmitic 
acid,  but  there  is  also  present  some  olein.    Lard  oil,  which  is  obtained 
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from  lard  by  cooling  until  the  tristearin  and  palmitin  liave  partially 
ciystallized  out  and  then  pressing  the  warm  mass,  thus  expressing  the 
oil,  consists  largely  of  triolein.  Prom  beef  fat,  or  tallow,  a  similar  oil 
is  obtained  in  the  same  way  and  this  is  called  oleo  oil,  or  oleomargarine, 
and  is  used  in  the  manufacture  of  artificial  batter. 

It  is  important  to  remember  that  most  naturally  occurring  oils,  or 
oils  pressed  from  fata,  contain  some  cholesterol,  or  phytosterol,  and  often 
phospho-lipina.    They  are  not  pure  oils. 

Butter  yields  about  7  per  cent  of  volatile  fatty  acids  which  are 
mainly  butyric,  C^HgOj,  and  caproic  acid,  CgHi^Oj;  but  there  are  also 
small  amounts  of  caprylic,  GgS^fi^,  and  eapric,  CmHjoOj,  acids.  Of  the 
non-volatile  fat  of  butter  about  30  to  40  per  cent,  is  olein  and  60  to  70  per 
cent,  palmitin,  with  a  little  stearin.  Butter  also  contains  a  small  amount 
of  a  phospho-lipin  and  some  cholesterol.  Small  amounts  of  other  fatty 
acids,  possibly  derived  from  the  phosphatide,  such  as  arachidic  and 
lauric,  CjoH^oOj  and  CuHj^O,,  have  also  been  found  in  butter.  The 
natural  yellow  coloring  matter  of  butter  is  mainly  carrotin,  witb  some 
xanthophyll,  and  is  derived  from  the  green  fodder. 

Oleomargarine,  or  butterine,  is  a  buttery  substance  made  mainly  from 
oleomargarine  oil,  which  is  generally  churned  with  milk.  When  made 
from  clean  materials  it  is  a  wholesome  food,  but  the  experiments  of 
Mendel  and  Osborne  suggest  that  its  nutritive  value  is  not  equal  to  that 
of  butter,  since  it  did  not  promote  growth  of  young  rats  as  did  butter. 

Table  IV  contains  the  formulas,  boiling  and  melting  points  of  various 
fatty  acids  occurring  in  the  natural  fats.  There  are  many  others  which 
are  not  included  in  this  table.' 


Acetio 

Butyric 

Isovaleric 

Caproic 

Caprylic 

Capric 

Lauric 

Myristic 

Palmitic 

Stearic 

Arachidic 

Behenic 

Li{^oceria 


Table  IV. 

1 .     Aeidg'of  acetic  urie*.     C 


CH    0 

c'h"o' 

C'ri'd 
f^i.H^O, 

^"?"^' 
C,H„0, 


Preaaure 

Bo!  linn 

760 

no- 

760 

182.3" 

760 

173.7"  . 

760 

202'' 

761 

230* 

760 

268=-270° 

100 

225° 

100 

2.50.5" 

100 

271.5" 

100 

2!)1° 

.",.«, 


'  <'elit. 

17 

-e.5 

-SI 
■8 

1«.5 

.11-3 

43.0 

53.8 

62.62 

69.32 

77 

85- S4 

R0.5 


Ponnd  111' 
■  Spindle  tree  oil. 
■Butter  fat 
Porpoise;    dolphin. 

Butter  fat.  Cocoa  nut  Oil 
Paim  i:ut  oil. 

Laurel  oil.     Cocoanut. 

Mace  hutter.    JNutmeg. 

Palm  oil.     Lard. 

Tallow. 

ArachiB  oil. 

Ben  oil. 

Arachia  oil. 


'  For  other  data  see  table  pp.  10-11.    Ijcathea,  The  Fats.    Ixingmans,  Green,  1910, 
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2,     Aergllie  or  oleic  (Kid  givup.     C_^n  ^     O 


Tiglic 

*^Ao. 

780        ]D8.5°             64.5 

Croton  oil. 

Phjsetoleic 

c«H„o^ 

30 

Caspian  seal  oil. 

Oleio 

C»H„0. 

i  100        285.5°             U 
1     10        223° 

Moat  oils. 

Rapic 

C:,H„0^ 

Rape. 

Erucic 

c..««o. 

30        281°                35-34 

Rape;  fish  oils. 

3 

Linolic  series.     C  H         0 

n      2n— 4    3 

LinoUc 

C    H    0 

50.5 

Maize;    cottoQsetd. 

Tariric 

<(       it 

Oil  of  Pic. 

Eleomargaric 

It       II 

48 

Tung  oil. 

4,     FAnolenic  acid  scries.  C  H 

,0. 

Linolenlc 

C    11    0 

]  ft      sly     2 

Linseed  oil. 

ISO 

it        u 

5.     Series  C„H,      .0 
n     an — 8    z 

tl            u 

Clupanodoiiic 

C    H   0 

IS      2B     t 

G.    Omidized  adds. 

Fish,   liver;   blulllit 

Ricinoleic 

C   H    0 

18      S4     ■ 

15        250°                 4-5 

Castor  oil. 

Quince  oil  a<:id 

7.     Dikydroxijlated  acids. 

Di  hydroxy  etcaric 

add 

C,«H.«0. 

HM43 

Castor  oil. 

Physical  Properties.  While  the  neutral  fata  and  oils  are  not  crystal- 
line in  the  cells,  the  temperature  being  high  enough  to  keep  the  fat  liquid, 
they  may  often  be  crystallized  on  cooling  their  hot  alcohol  solutions. 
The  crystals  are  long  needles.  They  are  quite  insoluble  in  water  for 
some  reason  as  yet  unknown.  The  affinity  of  fat  and  water  is  small.  The 
molecular  weight  is  large,  for  tristearin  being  896.  Fats  and  the  fatty 
acids  and  soaps  reduce  the  surface  tension  of  water.  The  lipin  collects 
in  the  surface  film  so  that  the  concentration  in  the  film  is  greater  than 
in  the  water  as  a  whole.  For  this  reason  an  old  surface  of  water  con- 
taminated by  oil  or  soap  contains  more  soap  or  oil  than  a  new  surface 
and  has  a  lower  surface  tension.  The  oils  have  the  property  of  spreading 
over  water  in  an  extremely  tliin  layer  of  molecular  dimensions.  This 
layer,  according  to  Lord  Rayleigh,  has  a  thickness  of  only  2.7XlO~''  cms., 
a  diameter  but  little  greater  than  that  of  a  fat  molecule.  It  is  possibh? 
that  this  property  of  collecting  in  surface  films  and  of  lowering  the  sut- 
face  tension  may  be  of  value  in  some  vital  mechanics  of  protoplasm ;  but 
the  whole  matter  of  surface  tension  and,  above  all,  the  surface  tension 
of  the  surface  of  contact  of  water  and  such  a  mixture  as  that  of  proto- 
plasm is  still  too  obscure  to  permit  of  any  definite  statement  concerning 
this  possible  function  of  the  fats. 

The  specific  gravities  of  all  oils  and  fats  are  lower  than  that  of  water. 


08  PHYSIOLOGICAL   CHEMISTRY 

Rape  oil  having  a  specific  gravity  of  0.915  is  one  of  the  lightest.  The  non- 
drying  oils,  like  olive  or  sweet  oil,  range  from  0.916-Q.920 ;  the  drying  oils 
nre  about  0.930 ;  the  ordinary  fats  0.930 ;  castor  oil  and  cocoa  butter  have 
the  highest  specific  gravity,  i.e-,  0.970.  The  lower  the  cohesion  the  more 
liquid  will  be  the  fat,  the  larger  will  be  tlie  space  at  the  disposal  of  its 
molecules,  the  greater  their  freedom  of  movement  and  hence  the  lower 
the  specific  gravity. 

Fats  have  no  sharp  melting  points,  since  none  of  them  are  pure 
glycerides,  all  being  mixtures.  But  even  the  pure  glyceride  tri-stearin 
shows  a  curious  behavior.  It  melts  at  55°,  solidifies  and  then  again  melts 
at  71.5-75'.  This  is  due  possibly  to  a  tautomeric  rearrangement  of  the 
molecule.  The  drying  oil,  linseed  oil,  remains  fluid  to  the  lowest  tem- 
perature — 28°  C.  On  heating,  oils  slowly  decompose  and  at  about 
300°  C.  acrolein  is  given  off.  It  is  by  the  appearance  of  acrolein  on  heat- 
ing that  neutral  fats  may  be  distinguished  from  fatty  acids. 

Glycerol.  There  are  only  two  or  three  reactions  of  glycerol  which 
need  mention  at  this  time.  One  of  the  most  important  of  its  reactions 
is  the  formation  of  acrolein  from  it  by  heating.  If  glycerol  is  heated 
to  300°,  and  particularly  if  it  is  heated  with  some  substance  such  as  acid 
potassium  sulphate,  or  F^Og,  which  has  an  affinity  for  water,  it  loses  two 
molecules  of  water  and  is  converted  into  the  unsaturated  aldehyde, 
acrolein.  Acrolein  has  a  very  irritating  action  on  the  mucous  membrane 
and  may  be  detected  by  its  sharp  odor.  The  reaction  of  its  formation  may 
be  written  as  follows : 

CH^OH  CHj 

CHOH     ~2H^0    =    CH 

CH^OH  ho^ 

Glycerol.  Acrolein. 

By  oxidation  glycerol  is  converted  into  glycerose,  a  mixture  of  dioxyace- 
tone  and  glycerine  aldehyde,  and  finally  into  glyceric  acid,  CHjOH- 
CHOH-COOH.  Glycerol  has  a  sweet  taste.  It  reduces  Fehling's  solu- 
tion only  at  a  very  slow  rate.  It  readily  eaterifies  with  phosphoric  and 
"other  acids. 

CH^OH      CH^OH       CH^OH    CH^OH     COOH       COOH 


CHOH   -*  CHOH    ,    CO   -,  CHOH  „  >  CHOH  »   C(OH) 

^  OH  hoR  CH  OH  COOH  COOH  COOH 

Glycerol.       Glyeeralde-  Dioxynce-        Glyceric  Tartronic  MeBOxnlle 

hydc.  tone.  acid.  acid.  acid. 

Fatty  oUs.  The  true  fatty  oils  are  divided  into  three  general  classes : 
into  those  which  harden  on  exposure  to  air,  light  and  moisture;  those 
which  diy  slowly,  and  those  which  do  not  dry.    The  first  arc  known  aa 
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Hty'mg  oils;  the  second  as  semi-di;>'ing;  the  last  as  permanent  or  non- 
drying  oils.  The  first  are  used  in  painting,  and  linseed  olL  is  a  typical, 
and  probably  tlic  moe>t  valuable,  drying  oil ;  n-hile  cottonseed  oil  drica 
very  much  more  slowly,  and  olive  oil  is  a  non<dryinK  oil.  The  chemical 
difference  between  Oieee  kinds  of  oils  lies  in  the  difTcrvnt  Htabilities  of 
tho  fatty  acids  thej*  contain.  The  drying  oils  have  very  unstable  fatty 
acids;  while  the  non-drying  hare  relatively  stable  acids.  The  very 
unstable  fatty  acidn  of  the  drying  oils  are  very  reactive  and  as  might 
be  expected  Lhoy  are  found,  among  other  places,  in  the  Hpins  of  the  brain, 
heart,  liver  (cod-liver  oil) ;  and  in  other  organs  of  which  the  metabolism 
1.1  very  high  ;  whereas  the  stahle  acids  of  the  fats  and  non-drying  oils  are 
found  in  locations  of  lowered  metabolism  and  in  the  depots  of  fata  id 
fat  tismes.  Owing  to  their  reactivity,  tJie  drying  oils  absorb  oxygen 
and  become  rancid  much  more  rapidly  than  the  non-dr>*ine.  The  dif- 
ference in  stability  of  the  fatty  acids  in  tho  drying  oils,  such  as  linseed 
oil,  and  the  non-drying,  such  as  oleic,  is  duo  to  tho  presence  of  more 
double-bonded  carbon  atoms,  called  unsaturated  carbon  atoms,  in  the 
linseed-oil  group.  Oleic  acid  contains  only  a  single  double-bonded 
couple  of  carbon  atoms,  whereas  the  drj-ing  oils  contain  acids  having 
two  or  three  such  couples.  The  formula  of  oleic  acid  is  C,,Hn,0.,  or 
CH..CH,.CH,.CH,.CH,.CH,.CH5.CH,.CH=C1I.CII,.0}L.CH,.CH,.'CH, 
.CHsGH,.C00T{,  the  double  bond  being  in  the  middle  of  the  chain.  This 
is  shown  by  the  fart  that  on  oxidation  it  yields  nonylic  acid.  C„II,s0a, 
and  azcloic  acid,  CgllinOt.  In  linseed  oil  there  occur  such  unsaturated 
acids  as  linolenif,  C,.H^„0„  with  throe  pairs  of  douhlebonded  oarbon-i. 
and  Unolic,  C,,H].0;,  with  two  pairs  of  dniihle-bonded  carbons. 

Resemhlancf.  of  the  ckemixtry  of  painting  to  sonp.  biological  processes. 
It  is  interesting  to  consider  the  many  curious  resemblances  of  the 
chemical  processes  invo]%-cd  in  painting  with  protoplasmic  respiration, 
memory  and  growth.  The  use  of  linseed  oil  in  painting  depends  on  the 
fact  that  it  spontaneously  oxidizes  in  the  air.  especially  in  the  light,  and 
decompoees,  the  decomposition  products  forming  a  resinous  hard  moss 
of  a  composition  still  lorgely  undetermined.  Linseed  oil  has  the  power, 
tlion,  of  xpontancous  oxidation ;  it  respires.  It  talces  np  oxygen  and  it 
gives  off  carbon  dioxide  and  other  volatile  substances.  Light,  nnd  par- 
ticularly ultra-violet  light,  aceoleratt-s  this  re8]>im1ion  just  as  it  does  that 
of  protoplasm.  Moreover  growth,  or  rather  synthesis,  oceui-s,  for  in  the 
condensation  following  the  decomposition  siihsfaiicca  ore  formed  more 
complex  llinn  the  linolenic  ncid.  TTcat  mnn-over  is  set  free.  It  is,  in 
other  words,  a  vcritahlo  metabolism  which  the  linseed  oil  undergoes.  But 
the  relationship  to  protoplasmic  metabolism  does  not  end  here.  In  living 
matter  there  are  aubstances  which  hasten  the  oxidation,  catalytic  sub- 
stances, or  oxidases  as  they  are  called.    In  the  presence  of  these  sab- 
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stances  oxidation  goes  on  much  more  rapidly  than  in  their  absence.  Cells 
use  various  substances  as  oxidative  accelerators.  Manganese  salts  are 
used  by  some;  copper  or  iron  salts  by  others;  or  organic  oxides  and 
peroxides,  like  the  quinones,  by  others.  The  painter  uses  similar  sub- 
stances to  accelerate  the  decomposition  and  drying  of  the  oil.  The  oil  is 
sometimes  boiled  in  iron  or  copper  vessels  and  dryers  of  various  kinds 
are  added  to  help  the  oxidation,  such  as  manganese  dioxide,  litharge, 
manganous  borate  or  iron  salts ;  or  lie  uses  an  organic  oxidizer,  turpen- 
tine, which  in  the  light  picks  up  oxygen  with  groat  ease  and  carries  it 


I'lo.  7. — Curve  ibowlnp  the  rate  of  absorpllon  of  oiygen  by  Hnsc-rd  oil.  Ordinate: 
mmH,  of  ncgatlT«  preaBure  due  to  atisorptlon  of  oijKeD ;  abaclBBa :  time  In  ilny». 

over  to  the  oil.    In  this  respect,  then,  the  metabolism  of  paint  resembles 
that  of  protoplasm. 

But  most  remarkable  of  all  is  the  fact  that  the  oil  may  be  taught 
to  oxidize  itself  and  it  remembers  its  lesson  for  some  time.  If  linseed  oil 
is  exposed  to  light,  or  ultra-violet  rays,  in  the  presence  of  air  in  a  closed 
flask  provided  with  a  morcurj'  mnnoiiioter,  for  the  first  24  to  36  hours 
nothing  seems  to  happen  ;  but  then  slowly  the  oil  begins  to  oxidize  and  it 
oxidizes  at  a  constantly  accelerating  pace  so  that  the  oxygen  is  used  up 
in  the  flask  and  the  negative  piussurc  may  be  measured  by  the  mercurj- 
manometer.  The  curve  of  the  rate  of  absorption  of  oxygen  is  at  first 
convex  downward,  not,  like  most  chemical  reactions,  concave.  Figure  7. 
It  is  the  curve  of  an  autocatalysis.  It  is  as  if  the  oil  had  to  be  taught 
by  the  light  to  oxidize  itself  and  learned  to  oxidize  better  and  better. 
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it  may  be  shown  that  the  oil  rcmcmbera.  If  after  60  hours'  illu- 
mioatiou  whim  the  oil  is  oxJtUziug  let  us  aiy  at  a  fairly  rapid  rate, 
the  iUuminatiou  is  dinuoulinued  aud  Lhc  oil  pat  iu  the  dark,  the  oxidation 
goes  on  at  a  iiUiwer  pacu.  If  after  a  puriud  uf  a  fuw  houi-s  hi  the  dark 
the  oil  ia  again  illumiDated  by  Uie  light,  it  will  hu  found  LliBt  the  oxida- 
liou  QO  longer  waits  24  botirs  before  beginniug,  but  now  Uio  sUriiidatiou 
by  the  lamp  is  effective  witliiii  an  hour  or  more;  the  oil  acta  afi  it  it 
remciaberod  tb«  teaching  by  a  previous  illumiuatioa  and  uovr  oxidizes 
«l  a  mon)  rapid  rate.  However,  oil  can  also  forget.  If  left  in  the  dark 
24  hours  or  mora  after  l>eing  taught  to  oxidiice,  it  h&A  fui-gotteu  aud 
now  the  teaching  uu&t  be  done  all  over  again,  a  long  iliiiiiiinalioii  being 
necessary  before  the  oxidaliou  be^na.  We  do  nol  usually  speak  of  the 
long  latent  period  of  tlie  oxidatJoii  as  a  period  of  teaching,  but  it  is  called 
in  chemistry  a  period  of  "  inductance  ";  and  we  do  not  say  that  the 
oil  ia  learning  to  oxidize  itself,  aud  doing  it  better  and  better,  but  we 
eay  that  it  shows  phenomena  of  aulocutalysis  ^  nor  do  we  say  that  it 
forgets  again  iu  the  dark,  but  that  the  intermediar>',  autocatalytic  agent 
has  disappeared ;  but  when  organisms  show  the  same  kind  of  phenomena 
wc  speak  of  t«arbing,  of  lati-iit  pcrioihi,  of  stupidity,  of  good  or  bad 
memortes.  And  it  is  not  impressible  liy  any  menns  that  tbe  phenomena  of 
memory,  shown  in  greatest  perfection  by  the  mammalian  cerebrum,  may 
have  at  the  bottom  some  suoh  basis  as  this,  and  the  persistcnci?  within 
certain  cells  of  substances  of  an  autocatalytic  nature  which  have  re- 
mained from  a  previous  stimulation.  Perhaps  the  brain  cells  remember 
longest  because  they  most  carefully  maintain  intact,  or  preserve,  these 
labile  autocatalytic  buhstiuices.  It  may  be  nieationed  that  the  whole  of 
growth  is  an  autocatalytic  process.  There  are  always  left  over  in  the 
cell,  at  the  close  of  a  period  of  feeding,  siibstaiiL-es,  enzymes,  derived  from 
tlie  metabolism  of  the  foods,  which  hasten  the  metabolism  of  the  next 
succeeding  feeding  and  liasten  growth.  It  is  because  of  Uie  presence  of 
these  autocatalytic  substances  that  foods  change  into  protoplasm  so  mucli 
uore  rapidly  In  cells  thuu  outside  of  tiiem. 

Methods  of  identiBcation  of  oils  and  fats. — The  identification  of 
the  oils  and  fats  is  a  matter  of  coninicreial  as  well  as  of  scientific  in- 
terest A  partial  identification  can  be  made  by  means  of  the  melting 
point  and  by  the  determination  of  the  iodine,  hydrogen,  ox^'gen,  saponi- 
flcatiou,  Reichert-Metssi  and  acetyl  numbers. 

The  melting  points,  as  already  stated,  are  not  sharp  and  definite, 
as  fats  ore  not  pure  substances  but  always  mixturcti,  but  ncrcrthelesd 
ttoracUiing-  may  be  learned  from  the  melting  points.  A  low  melting  point 
means  cither  that  the  fats  contain  saturated  acids  of  short  carbon  chains, 
or  that  there  arc  long  but  tmsaturatcd  chains,  as  in  oils.  The  melting 
point  of  a  fat  as  it  occurs  iu  the  tissue  ia  generally,  or  always,  lower  than 
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the  usaal  temperature  of  the  tissae  in  which  it  is  found.  Thus  in  cold- 
blooded aniTnals,  such  as  fishes,  the  fats  are  found  to  be  really  oils,  liquid 
at  20°.  In  mammals  the  fat  of  the  hoofs  which  are  exposed  to  cold  is 
generally  oil  (Neat's  foot  oil),  while  that  about  the  kidneys  melts  at 
a  high  temperature  and  contains  more  tri-stearin. 

Ths  melting  point  of  tri-stearin  is  66°,  pennanent  71.6° 
tii-palmitin  60.5°,  "  66.5° 

,  tri-olein  -  6° 

Iodine  number.  The  unsaturated  fatty  acids  have  the  property  of 
adding  atoms  at  the  double  bond.  Thus  iodine,  bromine,  oxygen  and 
hydrogen  may  be  added  here.  Hence  these  fats  have  reducing  powers, 
in  that  they  readily  oxidize  themselves  at  the  double  bond  going 
over  into  the  hydroxy-aeid,  or  even  into  a  ketone  acid;  they  also  have 
oxidizing  powers,  in  that  they  will  take  up  hydrogen  and  be  converted 
into  the  more  stable  saturated  fats.  By  reduction  or  by  oxidation  with 
bromine  or  iodine,  the  number  of  unsaturated  bonds  may  be  discovered, 
since  each  such  bond  adds  two  atoms  of  iodine  or  bromine,  two  of  hydro- 
gen and  presumably  two  oxygen  atoms. 

1     I 

Thus  if  it  is  desired  to  know  whether  linseed  oil  has  been  adulterated 
with  cottonseed  oil,  it  is  only  necessary  to  determine  how  much 
iodine  in  centigrams  a  gram  of  tlic  oil  will  take  up  from  a  solution 
of  iodine;  or  how  much  hydrogen  or  ciygen  it  will  unite  with. 
The  first  figure  is  especially  important  and  is  easily  determined  (see 
page  872) ;  it  is  called  the  iodine  number;  but  recently  the  two  last,  the 
hydrogen  and  oxygen  numbers,  have  also  become  important  aids  in  the 
identification  of  the  fats. 


Tablk  V. 

loDinE  Values  of 

Vaeious  Oils,  Fats 

AND 

Waxes. 

I. 

1.     Drying  oiU. 

VegeUble. 

Rape 
Bra7,il  nut 

94-102 

90-ioe 

LisBced 
Hempseed 
Walnut 
Sunflower 

175-205 
148 
146 
lIB-135 

3.     Xondrying. 
Apricot  kernel 
Peach         " 
Almond 

96-108 
93-109 
93-100 

2.     Semi-drying. 
Soja  bean 
Maize,  curn 

122 
113125 

Olive 

Grape  eecd 
Castor 

79-88 
M 

83-89 

Beech  nut 

111-120 

II.    Animal  oils. 

Cottonseed 

108-110 

Fiah 

140-173 

Sesame 

103-108 

Menhaden 

161 
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BM-dine 

iei-103 

2.     Semt-drying. 

Herriag 

124142 

Horse 

76-85 

Cod  liver 

167 

1 

Shark  " 

115 

3.     Non-drying. 

Whale  oil 

121-136 

Qoose  fat 

70 

Dolphin 

99-126 

Lard 

60-70 

Horses'  foot 

74-BO 

Bone 

46-66 

Neat's  foot 

67-73 

Beef  tallow 

3S-46 

Egg  oil 

08-82 

Mutton  tallow 
Butter 

25-46 
26-3S 

III.    Vegetable  fata 

Laurel  oil 

68-80 

V.    Waxen. 

Palm  oil 

S3 

Sperm  oil 

81-90 

M&ce  butter 

40-52 

Carnauba  wax 

13 

Cacao  butter 

32-41 

Wool 

102 

Borneo  tallow 

16-31 

Bees 

8-11 

Palm  kernel  oil 

13-14 

Spermaceti  (Cetin) 

0-4 

Cocoanut  oil 

8-g 

Insect  wax  (Coccus  cerifenis) 

0-1.4 

Japan  wax 

4-10 

Iodine  number  of  various 

fatty 

acids. 

IV.    Animal  fats. 

Oleic  acid 

90.07 

1.     Drying, 

Enicic 

75.16 

Ice  bear 

147 

Linolio 

181.42 

Rattlesnake 

106 

Linolenic 

274.1 

Clupanodonio  367.7 

The  hydrogen  number.  The  discovery  ol  a  practicable  method  of 
adding  hydrogen  to  unsaturated  oils  is  a  matter  of  great  commercial 
importance,  since  by  this  means  ill-smelling,  or  ill-tasting,  or  cheap 
vegetable  oils,  such  as  cottonseed  or  even  linseed  oils,  may  be  converted 
into  substances  closely  resembling  true  stable  animal  fats,  which  at 
present  are  far  more  expensive.  The  ilf-taste  and  smell  of  the  oil  is  due 
to  the  decomposition  products  which  arise  from  the  fatty  acids  in  con- 
sequence of  their  unstable  nature.  By  hydrogenation  the  true  fata  are 
formed.  A  method  recently  employed  on  a  commercial  scale  for  this 
bydrc^nation  has  been  by  the  use  of  hydrogen  and  finely  divided  nickel 
oxide  which  has  the  important  advantage  over  finely  divided  nickel,  in 
that  it  is  said  not  to  be  so  easily  poisoned  by  the  impurities  in  the  oils. 
The  only  disadvantage  in  the  use  as  foods  of  these  cheap  vegetable  lards 
is  that  they  usually  contaiu  small  amounts  of  nickel  which  it  has  been 
impossible  liius  far  to  eliminate.  Since  nickel,  when  absorbed,  is  a  toxic 
substance,  the  presence  of  even  very  small  amounts  of  nickel  in  any  food 
must  be  regarded  as  undesirable. 

Ozonides.  The  unsaturated  fats  absorb  oxygen.  The  heat  generated 
by  this  process  may  cause  the  spontaneous  inflammation  of  cotton.  In 
an  acetic  acid  solution  oleic  acid  absorbs  an  equimolecular  quantity  of 
ozone.    An  ozonide  is  thereby  formed,  CigHajOe,  a  viscid,  almost  color- 
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leas,  transparent  liquid,  heavier  than  water,  which  does  not  combine  with 
iodine  and  which  is  stable  at  80-90°,  At  120°  this  decomposes ;  5  per  cent, 
being  co^ve^ted  into  a  gaseous  mixture  of  the  following  composition: 
CO,,  2.7-7  per  cent-,  CO,  71-88  per  cent;  CH„  16.5  per  cent;  H,,  5.4 
per  cent  There  is  also  formed  a  mobile  oil  (Molinari  and  Sonciri). 
Triolein  forma  the  ozonide,  CbtHi(„O8.303  ;  each  molecule  of  the  fatty  acid 
adding  a  molecule  of  ozone  at  the  double  bond.  This  is  a  viscid,  colorless 
oil  decomposing  at  136°,  and  when  saponified  by  potassium  alcoholate  it 
yields  glycerol,  azelaie,  CoHiaO^,  and  nonylic,  CoHigOa,  acids,  and  also 
oxystearic  acids,  Ci^HjoOg  and  CjgHjjO,. 

Fatty  acids  are  also  rendered  unstable  by  partial  oxldatiou,  and  when 
in  this  condition  they  liave  a  more  intense  physiological  action.  Thus 
castor  oil  may  owe  its  cathartic  action  to  the  rieinolelc  acid,  CigHj^O,, 
an  oxidized  oleic  acid  which  is  especially  active  when  in  a  free  state, 
as  it  is  in  the  intestine.  An  oxidized  stearic  acid,  ketostearie  acid,  la 
found  in  mushrooms  of  the  genus  Lactarius,  CHjlCHj),! — CO — (CH,)^ 
.COOH  (Bonzant  and  Charaux),  and  dihydroxy  stearic  acid,  possibly 
formed  by  oxidation  of  oleic  acid,  in  castor  oil. 

Saponification.  The  property  of  fats  of  being  hydrolyzed  by  water 
and  alkalies  is  of  practical  importance,  Tliat  fats  when  treated  with 
alkalies  make  soaps  is  generally  known,  but  the  exact  mechanism  of  the 
process  is  not  yet  clear.  If  a  neutral  fat  is  heated  with  acid,  preferably 
in  an  alcoholic  solution,  or  by  alkali,  or  even  by  superheated  steam,  it 
in  split  into  the  fatty  acids  of  which  it  was  composed  and  glycerol.  This 
is  the  process  of  saponification. 

HO  '  H 

I  II  I 

II— c— 0— c— {CH  J  ,„— cii.  ■  n— c— on 

I  o 


II— (.— 0— C— (CH  )    — CH     -I-3K0H     =     >r— C— OH    +3K0C— (CH^)j^— CHj 

I  "  I 

II_C— O— C— (CH  )  .— CH,  ll_C— on 

I  i 

II  H 

If  alkalies  are  used,  the  fatty  acids  set  free  at  once  unite  with  the  alkali 
to  form  the  alkali  salts  of  the  fatty  acids  which  are  called  soaps.  The 
characteristic  of  a  soap  is  its  slippery  feel  and  its  property  of  making 
a  foam  when  dissolved  in  water  and  shaken.  Not  all  substances  with 
these  physical  properlies  are  soaps,  however.  Many  plants,  such  as  the 
soap-bark  tree,  contain  saponaceous  or  soap-Uke  substances,  as  far  as 
these  physical  properties  are  concerned,  but  which  are  not  soaps  in  a 
chemical  sense.  A  soap,  therefore,  is  a  salt  of  a  higher  fatty  acid  which, 
when  dissolved  in  water,  foams  on  shaking  and  the  solution  has  a  low 
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sarfaee  tension.    Sodium  acetate  is  the  salt  of  a  fattj  acid,  but  it  is  not 
a  soap  because  it  laoks  tho  physical  properties  of  soap. 

Tb6  speed  of  sapanificatJon  of  a  fat  has  been  found  to  be  propor- 
tional to  ibe  uiiraber  of  Iiydroxyl,  or  hydrogen  ions  in  the  Bolution. 
''or  this  reason  saponilu-alion  by  miiinoniuQi  Iiydrat«  is  much  slower 
lan  by  sodium  bydrnte;  and  by  water,  C^— .8X10^',  is  still  slower, 
'bo  process  of  sapoiiificatioQ  forms  then  odo  method  of  mtusuriug  the 
concentration  of  such  ions. 

But  while  tbe  fact  of  hydrolysis  or  saponification  is  quite  evident, 
hen  we  ask  the  further  question  of  the  mcclianism  of  the  process  we  get 
L  once  into  very  badly-known  territory'.     What  is  the  point  of  attack 
'of  the  enzyme,  or  the  alkali,  or  the  acid  on  the  fat  moloculot    The  most 
probable  answer  is  lliat  it  is  either  llie  doubly  bonded  oxygen  atom,  or 
at  linking  glyceral  and  fatty  acid  toguthcr,  which  is  the  point  at  which 
iiion  with  the  saponifying  agent  takes  place.    It  sccnis  that  one  molvculv 
influence  auolber  only  M'lit^n  it  is  unlltxl  with  it.    If  ttiiH  is  true,  the 
saponifying  agent  must  unite  with  tlio  fat  molecule.    Since  one  of  tlie 
ixygon  atoms  of  esters  is  almost  certainly  quadrivalent,  there  being  two 
.tfs  valonces  in  such  molecules,  union  probably  occurs  here,  at  loaat 
the  case  of  lipase.    Onion  with  acids  probably  occur!)  as  follows; 
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'robably  the  last  compound  is  unstable  and  breaks  into  RCl   and 
■  E'-COOH.    RCl  reacts  with  the  waler  to  form  KOH  and  HCl. 

The  hydrogen  or  hydroxyl  ions  appear  to  act  oalalytically  because 
ley  arc  left  at  the  end  of  the  reaction  with  their  concentration  un- 
lutged,  but  in  reality  they  have  united  with  the  ester,  decomposed  it 
id  are  again  sot  free. 

Saponification  numbert  of  various  fats.    The  saponification  number 

.  the  number  of  milligrauis  of  KOH  retiutretl  to  neutralize  the  fatty 

ads  conlainc<l  in  one  gram  of  oil  or  fat.    It  serves  to  tell  whetlier  the 

Fatty  acids  in  the  fat  have  a  high  or  low  molecular  weight,  for  it  is  clear 

hat  tlift  smaller  the  molecular  weight  the  more  molecules  of  the  acids 

lere  will  be  in  the  gram  of  fat.    Most  fats  and  oils  having  chiefly 

[palmitic,  oleic  or  stearic  acid  in  them  have  saponification  numbers  of 

[about  105,  but  some  which  have  more  comple-c  acids  are  lower  than  Uiis. 

Thus  for  the  rape-oil  group,  rape  oil  eontuiniug  urui;ie  acid,  C^.H^gOj, 

Ifhe  saponification  number  is  about  175.    Similarly,  lipins  whiiih  contain 

[camaubic  acid,  CifH^^O,,  will  have  still  lower  saponification  numbers. 

)n  the  other  hand,  butter  which  contains  caproic,  caprylic  and  butyric 

all  of  these  of  low  molecular  weighty  has  a  high  aaponiBcation 
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number,  the  saponification  number  of  butter  fat  being  227.  The  saponi- 
fication number  of  oleomargarine  is  about  195,  so  that  it  constitutes  an 
easy  method  of  distinguishing  between  butter  and  oleomargarine.  Cocoa- 
nut  and  pahn  oil  and  some  of  the  blubber  oils,  such  as  porpoise-jaw  oils, 
have  also  a  considerable  quantity  of  volatile  acid  of  low  molecular  weight 
and  the  saponification  number  is  between  240  and  260. 

Beickert-Meissl  number.  Another  useful  method  of  discovering  the 
true  nature  of  a  fat  or  oil  is  to  determine  the  amount  of  volatile  fatty 
acid  in  it.  For  this  determination  a  weighed  amount  of  the  fat  is  saponi- 
fied with  alcoholic  potash  or  by  potassium  hydrate,  the  mixture  is  acidi- 
fied to  set  free  the  fatty  acids,  phosphoric  or  sulphuric  acid  being  used, 
as  they  are  non-volatile,  and  then  the  mixture  after  adding  pumice  stone 
is  distilled.  The  amount  of  fatty  acid  distilling  over  is  titrated  with 
N/io  KOH.  The  amount  of  n/io  KOII  required  to  neutralize  the 
volatile  fatty  acids  from  five  grams  of  oil  or  fat  is  called  the  Reichert- 
Meissl  number.  Ordinary  fats  have  a  Reichert  number  of  0  when  the 
saponification  number  is  195.  For  butter  fat  the  number  is  25-30 ;  coeioa- 
nut  oil  6-7 ;  and  for  palm  kernel  oil  5-6.  If  the  saponification  number 
is  high,  the  Reicliert  number  is,  also,  generally  high. 

Acetyl  number.  Some  oils,  such  as  castor  oil,  contain  oxidized  fatty 
acids  and,  since  the  number  of  these  hydroxyl  groups  is  known  if  the  oil 
is  pure,  the  determination  of  this  number  is  of  use  in  detecting  adultera- 
tion. These  hydroxyl  groups  are  detected  by  acetylation,  and  hence  we 
have  the  acetyl  number,  which  is  the  number  of  milligrams  of  KOH 
ncessary  to  neutralize  the  acetic  acid  saponified  from  1  gram  of  aeety- 
lated  fat. 

Separation  of  the  fatly  acids.  Another  not  difficult  method  for  learn- 
ing something  of  the  chemical  nature  of  a  fat  consists  in  saponifying  the 
fat  and  tlien  determining  the  proportion  of  oleic  acid  present.  After 
saponification  the  fatty  acids  are  dissolved  in  alcohol  and  lead  acetate  in 
alcoholic  solution  is  added.  The  lead  salts  of  the  fatty  acids  are  pre< 
eipitated,  filtered,  dried  and  extracted  with  ether.  Lead  oleate  is  soluble 
in  ether,  while  the  palmitate  and  the  stearate  are  insoluble.  The  deter- 
mination of  the  relative  amount  of  oleic  acid  present  is  thus  simple.  By 
treating  the  ether  solution  of  the  lead  oleate  with  hydrochloric  acid,  lead 
chloride  is  precipitated.  On  evaporating  the  ether  oleic  acid  remains 
behind. 

Physiological  value  of  fats.  Fats  are  of  use  to  the  body  in  several 
ways.  Being  poor  heat  conductors,  a  layer  of  fat  beneath  the  skin  helps 
to  conserve  bodily  heat ;  by  their  physical  properties  they  contribute  to 
the  physical  constitution  of  protoplasm ;  and  finally  tliey  are  the  beat- 
producing  foods  par  excellence.  They  are  burned  or  oxidized  in  the 
cells,  setting  free  much  heat,  nine  large  calories  per  gram  of  fat.     An 
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imderstanding  of  their  oxidation  is,  therefore,  very  important  in  under- 
standing fat  metabolism. 

Osddation.  The  fats  bum  in  the  body  with  ease,  but  outside  the  body 
the  saturated  fats  are  decidedly  inactive  at  body  temperature.  It  is  not 
yet  certainly  known  whether  the  fatty  acids  are  burned  in  metabolism 
only  after  they  are  set  free  from  the  glycerol,  or  whether  they  can  be 
burned  best  when  in  ester  union.  The  general  presence  of  lipases, 
eniymes  for  hydrolyzing  fats,  in  all  cells  and  the  fact  that  the  form  of 
any  substance  which  accumulates  in  cells  is  generally  the  stable  form, 
and  it  is  neutral  fat  which  is  stored,  leads  to  the  inference  that  they  are 
hydrolyzed  before  oxidizing.  The  fatty  acids  are,  then,  probably  united 
to  some  substance  which  hastens  their  oxidation. 

It  is  not  certainly  known  how  the  higher  fatty  acids  are  oxidized,  but 
it  is  believed  that  the  oxidation  occurs  first  in  the  /i  carbon  atom,  i.e., 
the  second  from  the  carboxyl,  where  it  has  been  shown  to  occur  in  the 
simpler  acids,  such  as  butyric.  It  has  been  found  by  Dakin  that  hydro- 
gen peroxide  produces  much  the  same  kind  of  oxidations  as  the  body. 
Both  hydrogen  peroxide  and  living  matter  oxidize  the  fatty  acids  by 
stages.  In  butyric  acid  the  beta  carbon  atom  is  first  oxidized,  giving 
rise  to  a  ketone  acid.    The  reactions  may  be  represented  as  foUows : 
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—           CH 
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Butyric  acid. 

Acetoacetic. 

Enol  form.        Acetic  acid. 

^-Ketobutf  rio  nuid. 
^-Oxfbutyric  acid. 
2-Butanon  acid. 

^-Oxycrotonic  acid. 

Patty  acids  oxidized  in  the  /?  carbon  are  very  unstable  and  in  tiie 
free  state  leadUy  decompose ;  they  are  far  less  stable  than  those  oxidized 
either  in  the  «  or  y  carbons.  By  reduction  the  enol  form  will  go  over 
into  the  >?-hydroxybutyric  acid  as  follows : 


CH^  CHj 


COH  CHOH 

II       +H,     =     I 
CH  CH 

I  I 

COOH  COOH 

Enol  form.        y?-Iiydroxy butyric 

acid. 
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The  osidation  of  the  long  carbon-cham  acids  is  believed  to  follow  thi 
same  process,  the  ft  carbon  being  oxidized  each  time  to  the  ketone  ant 
then  this  Bplitting-off  acetic  acid  leaving  the  fatty  acid  with  two  lea 
carbons.  The  long  chain  is  thus  split  up,  two  carbons  going  each  tinu 
Eveiy  fatty  acid  with  an  evrai  number  of  carbons  in  the  chain  will  thu 
ultimately  produce  the/S-ketone  butyric  acid.  It  is  not  certain,  howevei 
that  oxidations  may  not  occur,  also,  in  other  carbons  of  the  chain.  Th 
process  meq?  be  pictured  as  follows : 

CH^  CHj  CH^ 

<k)„  (|h^)„  (CH,},„ 

in^         +0^=        CO  +H^0      =     CH^  +  CH^ 

Ah,  (!h^  i-ii,  cooH 

COOH  COOH  COOH 

Palmitic  acid,  /9-Eeto- palmitic.  Myristic  acid.  Acetic  acid. 

It  is  not  impossible  that  the  synthesis  of  the  fatty  acids  may  be  brougb 
about  by  a  reverse  process  of  reduction,  two  carbon  atoms  being  adde 
each  time.  This  would  explain  why  it  is  that  all  the  naturally  oecurrin 
fatty  acids  have  an  even  number  of  carbon  atoms.  The  oxidation  of  tb 
unsaturated  fatty  acids  follows  a  more  complicated  course  and  a  variet; 
of  splitting  products  are  formed,  some  of  them  volatile. 

The  course  of  the  oxidation  of  the  fatty  acids  will  well  repft 
further  study.  The  aceto  acetic  ester,  the  eater  of  diaeetic  acid,  is 
very  reactive  substance  widely  used  by  chemists  in  synthesizing  a  gres 
variety  of  substances.  It  is  by  no  means  impossible  that  some  ester  c 
diaeetic  acid  is  also  widely  used  by  nature  in  the  synthesis  of  the  sul 
stances  in  the  cell. 

Origin  of  fats.  There  appear  to  be  two  distinct  problems  in  th 
formation  of  the  fats:  the  first  is  the  origin  of  the  long  carbon  chaii 
making  the  fatty  acids ;  the  second,  the  nature  of  the  synthesis  of  th« 
chains  with  glycerol.  While  neither  of  these  problems  has  as  yet  bee 
solved,  we  may  consider  what  is  known  about  them. 

From  the  fact  that  the  long  carbon  chains  in  the  natural  fats  alwajj 
contain  an  even  number  of  carbon  atoms,  there  can  hardly  be  any  othi 
conclusion  than  that  the  synthesis  is  not  made  carbon  atom  by  carbo 
atom,  but  by  the  addition  of  two,  four  or  six  carbon  atoms  at  a  tim 
From  the  decomposition  by  oxidation  wltere  two  carbons  are  split  o 
at  a  time  the  inference  may  be  drawn  tiiat  t)ie  syiitliesia  also  iiiT<d'n 
pieces  of  two  carbons.  Since  the  fats  are  formed  by  reduction  fpoi 
the  sugars,  the  synthesis  obviously  involves  reductions.  What  the  pieoi 
are  which  arc  thus  added  it  is  impossible  to  say  positively  at  the  preaei 
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time,  bat  they  may  possibly  bo  cither  othylidfloe  or  glyoxal,  glycolic 
aldehyde  or  acot  aldehyde.    But  thjs  is  uot  the  only  possibility. 

•  Whatever  may  be  the  nature  of  the  i^arbon  fragments  giving  rise  txi 
Hie  fatty  acids,  there  is  uo  doubt  of  two  facts:  that  they  arise  by  the 
process  of  ttic  fc-rmcntatire  decomposition  of  the  RU^rara  rommon  to  all 

»  tissues;  and,  in  the  second  place,  that  thc8<^  pieces  act  as  oxidizing  ag>?iits, 
Ving  thcmsulvcs  reduced.  The  fats  accordingly  represent,  in  essentials, 
reduced,  coudenaed  carbohydrates.  That  processes  of  reduction  play  a 
part  in  fat  formation  is  shown  by  the  chemical  composition  of  the  fata. 
The  fatty  acids  contain  little  osyffcn;  they  are  carbon-hydrogen  com- 
pounds except  for  the  carboxyl  group.  The  system  oxygen-fatty  add 
I  contains,  therefore,  far  more  potential  energy  than  the  system  oxygan- 
y  carbohydrate.  One  gram  of  fat  burned  proiluces  nine  calories  of  heat  as 
compared  with  fonr  for  a  gram  of  carbohydrate.  That  the  fata  origi- 
.nate  from  the  carbohydratus  is  slinwn  not  only  hy  practical  luiman 
Iftxperieaee  that  a  carboJiydratfl  diet  is  fattening,  hut  by  direct  espcri- 
Ttncnt.  The  transformation  of  starch  into  oil  takes  placo  commonly  in 
plants  and  many  bacteria  form  acetic,  propionic,  lactic  or  butyric  acid 
by  cnrbohydrato  femiGntation. 

Since  the  fats  when  oxidized  yield  more  enerpy  than  an  equal  weight 
l»f  the  sngars  from  which  they  are  derived,  it  is  probable,  since  most 
[reactions  ore  in  their  entirety  exothermic,  that  the  reduction  of  some 
I  of  the  sugar  to  fnt  coincide-^  with  the  oxidation  of  some  of  the  mif^ar  to 
[carbon  dioxide.  In  this  way  the  gain  in  cncrcy  in  the  aysfcm  fat-oxyRcn 
represents  some  of  the  energy  net  free  hy  the  total  combnstion  of  some 
[of  the  sugar.  Thus  it  mny  be  inferred  that  to  make  one  molecule  of 
palmitic  acid,  C,,H,;Oj,  perhaps  four,  or  more,  molecules  of  CnHuO, 
I  are  destroyed,  some  being  oxidized  ns  Khown  by  the  schematic  reaction; 

6  0  It    O  +130   ~    20rO    4.  r    K    O  -L  20H  0  4- n  Cnli. 

The  condensation  of  the  fatty  acid  thus  formed  with  glycerol  to  make 

treutral  fat  is  one  of  the  condensations  so  common  in  protoplasm  and  of 

which  the  synthftsis  of  the  polysanchariiips  from  the  mnnosaecharides  is 

a  typo,  but  the  nature  of  which  is  still  ko  obscure.    Tf  glycerol  and  fatty 

icid  are  mixed,  some  spontaneous  condensstion  occurs  with  the  elimi- 

Inatioo  of  water.   The  rale  at  which  (his  spontaneous  condensation  occurs 

|i<!  hastened  by  lipaae,  the  fat-splitting  ferment.    It  hns  nccordinely  been 

iBiiggested  that  the  synthesis  of  Ihe  fats  from  glyt^^rol  and  fatty  acids 

[in  thecells  may  be  brought  to  pns.s  by  the  action  of  the  lipase.    However 

■We  this  explanation  appears  at  first  glance,  there  are  certain  grave 

•objections  to  it.    The  point  of  equilibrium  of  fatty  acid,  glycerol  and 

tnontral  fat  is  one  in  which  verj-  little  ueutTfll  fn'  coexists  with  a  great 

ideal  of  glycerol  and  fatty  acids.    Now  in  protoplasm  much  neutral  fat 
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is  tovmd  aod  only  traces  of  the  glycerol  and  fatty  acid,  unlen  thflse  are 
formed  by  autolysiB.  This  fact  aloae  makes  it  impossililc  to  ascribe  the 
aynthegis  to  lipase  unless  some  other  condition  be  also  assumed  by  whictl 
the  nentral  fat  is  removed  as  quickly  as  it  is  formed  from  the  inSaence 
of  the  lipa^  and  away  from  Uic  syalom  in  which  it  has  lioeo  part.  A 
second  reasou  is  the  fact  that  the  syuthc^  goes  on  most  r&pi^  in  those 
cells  which  contain  Utile  or  uo  lipase.  There  scorns  to  be  no  lipase,  for 
euunplo,  in  Iho  mammary  glands  in  which  fats  are  rapidly  formed. 
Practically  couclusive  o\idence  agaiust  the  lipase  tlieoiy  is  .the  fact  tfamt 
the  gyutliesis  of  the  fats,  like  other  syntheses,  is  dopendeut  upon  oxygen, 
and  the  lipase  action  is  indcpcudont  of  oxygen.  The  synllieses  depend 
on  the  vitality  of  the  cell.  They  do  not  take  plai»  in  an  etherixod  c^. 
It  is  clear  that  thin  cfsfiitheaia  must  he  left  for  future  work  to  decipher. 

The  origin  of  tlio  glycerol  is  not  difScuIt.  It  is  closely  rclal:fld  to  the 
carbohydrates,  and  glycerose  is  one  of  the  products  of  their  dccomposi- 
tiou.  By  reduction  glycerose  yields  glycerol.  Qlycerose  is  a  mixturo  of 
dibxyaeetone  and  glycerine  aldehyde,  CH,OH-CHOH-COH. 

The  question  may  finally  be  a.iked  of  the  location  in  the  cell  of  the 
neutral  fat  or  oil.  Tn  many  cells  the  f«l  or  oil  may  be  seen  in  the  form 
of  fine  round  droplets  distribulcd  through  the  cyt«pla,sm.  This  is  tlic  case 
in  ^Sg  cells  and  in  some  plant  cells.  In  fat  tissue  the  coll  is  almost  com- 
poeed  of  one  large  droplet  of  fat,  inclosed  in  the  cell  membrane.  But 
in  living  protoplasm  itself  fat  also  occurs,  but  in  such  a  fine  state  of 
subdivision,  or  union  with  the  other  constitnents,  presumably  phospho- 
lipins,  that  it  cannot  he  detected  microscopically.  That  the  fat  is  there 
is  shown  by  chemical  examination  and  by  its  appearance  in  cells,  par- 
ticularly after  they  have  been  exposed  to  chloroform  vapors.  After 
anesthesia  by  chloi-oform  of  only  one  hour's  duralion,  the  liver,  kidney 
and  heart  cells  may  show  by  staining  with  8udau  3  an  abundant  pres- 
ence of  fat  in  small  droplets,  whereas  tlie  total  fat  is  found  by  analysis 
to  be  no  greater  than  before.  The  anesliictic  evidently  conscs  a  change 
in  its  distribution  and  perhaps  in  its  saturation,  so  that  it  aggregates 
into  visible  droplets.  Fat  may  be  stained  in  colls  by  Sudan  3,  or  by  Nile 
bine.    Only  lipios  with  unsaturated  acids  Kt&in  with  osmtc  acid. 

Essential  oils. — These  oils  are  a  heterogenGous  cheraii?al  group  with 
widely  different  compoditions  but  having  three  properties  in  oommon: 
they  are  volutile.  they  make  a  tfmporary  prcnse  spot  on  paper,  and  they 
are  combustible.  Most  of  them  also  have  an  odor.  Among  these  oils 
arc  clove  oil,  cedar  nil,  oil  of  cardamom,  oil  of  peppermint,  oil  of  winter- 
green,  to  mention  only  a  few.  They  are  widely  distributed  among  plants. 
Somo  of  them,  perhaps  the  majority,  are  aromatic  aldehydes  or  ketones 
bfllon^ng  to  the  terpenea  of  which  the  oil  of  turpentine  is  an  example; 
others  are  aliphatic  compounds  such  as  the  essential  oil  of  Rita  gravoolos. 
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which  is  methyl-n-nonyl  ketone,  CH8.C0.(CHj),.CHj;  others  are  acids. 
Those  of  the  aromatie  group  which  are  terpenea  are  related  to  the  sterols 
and  the  resins.  The  essential  oils,  while  of  considerable  importance  in 
pharmacy  and  therapeutics  and  in  commerce  as  flavoring  extracts,  are 
of  less  importance  in  animal  physiology,  none  having  been  isolated  from 
the  human  body. 

The  terpenes  constitute  a  group  of  very  great  commercial  and  prac- 
tical importance,  camphor  and  menthol,  CoHjoO,  belonging  in  this 
group.  The  true  terpenes  have  one  or  several  hesa-carbon  rings  with 
two  side  chains : 

Oil  of  turpentine  is  chiefly  pinene,  0,uHio.  The  terpenes  are  generally 
benzene  derivatives,  but  the  benzene  nucleus  is  usually  only  partially 
unsaturated  and  contains  only  one  or  two  double  bonds.  Some  of  them 
have  two  or  more  rings,  some  only  one.  India  rubber  is  a  complex 
terpene.    This  can  be  formed  by  the  condensation  of  isoprene,  a  dioleflne : 

CH  =CH--CH  =  CH 

3  Z 

I 

Isoprene. 
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Limonene,  Terpin,  Pinene,  Mfiitlinl,  Camphor,  C    H    0, 

CH.  CHO  OH.  CHO. 
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Terpenea  and  some  oxygen  deri\-ative8. 


The  aliphatic  terpenes  are  of  great  theoretical  importance  because 
they  stand  intermediate  between  the  fatfy  acids  on  the  one  hand  and  the 
resins  and  aromatie  terpenes  and  cholesterol  on  the  other.  Such  an  ole- 
fine  terpene  is  myreene,  C,oH,5,  found  in  the  oil  of  bay.  It  is  probably 
CH,=CH— CH=CH.CH2.CH,.Cn:C(Cn,),.  While  these  substances 
occur  in  plants,  it  is  not  impossible  that  similar  substances  may  appear 


so 


PHYSrOLOGIGAL   CHEMISTRY 


as  intertnediate  producta  o£  metabolism  in  animals.  Thus  d-eitronellol, 
C,oB„OH,  is  CH,.C(:CH,).CH,.(CH,),.CH(CH,).CH,OH.  On  oxida- 
tion it  yields  acetone  and  b-methyl  adipic  acid.  (Jeraniol,  CioH,,0, 
yields  on  oxidation  such  products  as  acetone  and  levulinic  acids.  More- 
over these  citrals,  such  as  geraniol,  readily  condense  to  six  carbon  rings 
on  heating  with  acida,  thus  showing  one  possible  origin  of  the  aromatic 
rings.  Santalol  is  a  sesquiterpene  alcohol  of  unknown  composition, 
C„H„0.  Cholesterol,  other  sterols  and  bile  acida  are  probably  terpene 
derivatives,  but  they  are  aolida  at  ordinary  temperatures  and  differ 
widely  in  chemical  and  physical  appearance  from  the  essential  oils. 

The  waxes. — ^Waxes  are  of  both  animal  and  vegetable  origin.  They 
are  the  esters  of  fatty  acids  with  a  mono-hydric  solid  alcohol,  or  sterol. 
They  contain  no  glycerol.  Most  waxes  are  solids  at  ordinary  tempera- 
tures, but  at  least  one,  sperm  oil,  is  liquid.  Most  naturally  occurring 
waxes  are  mixtures  of  the  esters  of  various  fatty  acids  with  various 
sterols.  Lanolin,  or  wool  fat,  is  such  a  wax ;  another  is  bees-wax.  The 
waxes  generally  have  a  different  texture  from  the  fats,  but  their  solu- 
bilities are  similar.  They  are  saponifiable  like  the  fats,  but  often  with 
more  difficulty.  The  saponification  is  easily  carried  out  in  petroleum 
ether  containing  a  little  absolute  alcohol  by  the  addition  of  metallic 
sodium.  Sodium  alcoholate  is  formed,  which  saponifies  the  wax.  Among 
the  waxes  the  cholesterol  esters  of  the  blood  deserve  special  mention. 

Composiiion  of  the  waxes.  Table  VI  contains  the  formulas  of  various 
fatty  acids  and  alcohols  which  have  been  isolated  from  different  waxes. 

Table  VI. 
Composition  of  the  Waxes. 

FormulftB  of  various  fatty  acids  and  alcohols  which  have  been  isolnted  from  dif- 
ferent waxes. 


I.     Acids.    Saturated. 
Ficocerylic 
Myristic 
Palmitic 
Camaubic 
Cerotic 
Melissic 
Psyllostearylio 


II. 


AorsflUo  series. 
Phyaetoleic 
Doeglio  (  T) 
Lanopalmic 
Cocceric 
Lanoceric 


Formula 

C    H    0 

IB    b:    ! 

C    H    0 

SCI    00    r 

C  „H^  O 

so     «a     :■ 


IB       St      2 


Melting  point 
57°  C. 
53.8° 
62.62 '> 
72.5'' 
77.8° 
91° 
94-95° 


30° 

87-88° 

92-93° 

104-105° 


Wax 
Gimdang. 
Wool. 

Bees.     Spermaceti - 
Camauba.     Wool. 
Bees.    Wool.   Insect 
BecB. 
Psylla. 

Sperm  oil. 

Wool. 

Wool. 
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in.    AteoftoU.    Rtemlt. 
PtMB  nrjrl 
Ce^l   (EUwl) 

Cmnaaiy\ 
Cetyt 

rsjrUoBto&ryt 
lanolin  nicoliol 

0«*(»Tyl 

Clialraterol 

TBO-cholcittrol 


7fl» 

Piumg. 

SO" 

59' 

« 

OS-OD- 

Wool. 

TO* 

"    Chinew. 

Sfi-88* 

Dues.    CDTnniitM 

6S-70" 

rij'lla. 

1«*I04- 

WixjL 

IM* 

Gundiin^. 

101104* 

Coehinnal  wax. 

HM-ISO-S* 

Wool. 

137.138" 

Wool. 

The  sterols. — Tlie  sterols  (stereos,  solid;  ol,  the  onding  sienifying  an 
alcohol),  literally  solid  alcohols,  are  a  very  important  group  of  the  lipins. 
As  their  name  signifies,  they  are  alcohols  solid  at  ordinary  temperatures. 
They  are  readily  soluble  in  et.iier  and  CHOI,,  easily  urystallized,  the  <;rj'S- 
tali)  having  a  mother-of-pearl  ghmce  and  a  greasy  feel.  Cholesterin,  or 
eholesteroi.  «s  it  is  now  more  generally  palled,  was  the  first  member  of 
the  group  to  be  discovered  and  is  the  most  important  member.  Phy- 
tosterol.  atercorin  or  coprosterin,  cetyl  alcohol  are  others. 

Cholesterol. — This,  the  most  important  snbslanee  in  the  group,  was 
isolated  from  gall  stones  in  1785  by  Konrcroy,  when  it  was  confounded 
with  adipocero.  Its  true  nalun;  as  n  non-saponiliable.  fat-like  body  was 
dieeovcred  by  ChovreiU  in  1814,  who  named  it  cholc-fitorin  from  the 
Greek  chole,  bile;  and  stereos,  solid.  It  is  most  readily  obtaincti  from 
gall  stones  by  pulverizing  them,  and  extracting  with  bailing  aleohol  eon> 
tuining  a  .•uDalt  amonnl  of  potassium  Hleohnlate.  On  oooling,  or  if  neces- 
Hury  concentrating  first  by  evaporation  of  the  aleohol,  cholesterol  crys- 
lnIlir.CK  out  BR  white,  .shining.  plntr-Iike  rhombic  crystals  generally  hav- 
ing one  comer  broken.  Pigiire  8.  Tlie  angles  of  the  .sidea  are  generally 
76*  30'  or  87'  31'.  The  form  varies  with  the  solvent.  The  pure  ci-ystals 
melt  at  148.5'  C.  A  solution  of  the  crystals  in  CHCI,,  or  ether,  is  levo- 
rotatory  fTlv>'*=^ — 31.12'  for  a  2  per  cent  ether  solution.  Cholesterol  is 
volatile  at  300*  in  vacuo,  subliming  unchanged. 

Cholesterol  is  insoluble  in  water,  aeids  or  alkalins;  slightly  soluble 
in  soap  .solotions  and  much  more  soluble  in  solutions  of  bile  salts.  Tt 
dissolves  readily  in  hot  or  eoUl  ether,  carbon  bisulphide,  chloroform,  ben- 
zene, various  hydi*ocarhons,  acetone  and  hot  alcohol.  It  is  slightly  solu- 
ble in  cold  alcohol.  It  is  readily  soluble  ia  oleic  acid  and  fluid  fats.  Its 
solutions  react  neutral  and  have  neither  taste,  color,  nor  smell.  It  cannot 
be  saponified,  bat  is  very  slowly  decomposed  by  concontratod  alkalies. 

If  gall  stones  are  not  availoblo,  cholesterol  can  be  most  easily  pro- 
pared  by  extrautiiig  mammalian  brains,  such  as  sheep  or  hog  brains,  with 
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cold  acetone.  The  brains,  freed  as  far  as  posKiblc  from  adherent  blood 
vessels  and  mcmbraQes,  are  ground  in  a  meat  chopper  and  three  times 
their  veight  of  acetone  ia  added.  After  six  to  twelve  hours  of  extrac- 
tion tJie  acetone,  which  is  diluted  with  the  water  of  tlio  tissue,  is  filtered 
off  and  a  now  portion  of  acetone  added  and  extracted  for  tweuty-four 
hours  or  more  while  heating  on  the  water  bath.  Ou  filtering  off  the 
acetone  and  concentrating  by  diRtillation  on  the  steam  bath  impure 


fi4.  a — Crjvlala  or  ehftlMlnror. 


no.  0^ 


-CryiilntR  ot  plifloHlerol  frod 
(»ctirvln«r  and  Slmrcyi. 


cholesterol  separates  out  It  may  bo  purified  by  recrystallizing  from 
hot  alcohol,  or  other  solventa.  The  eliolesterol  may  Vk^  obtained,  also, 
by  making  one  nxtraetion  with  cold  acetone  to  rcraovo  most  of  the  water 
and  then  extracting  the  brain  mass  in  a  lai-ge  Soxhlet  with  acetone. 

Color  rtactioHS.  Cholesterol  is  remarkable  for  its  power  of  forming 
pigments.  Advantage  is  taken  of  this  property  for  the  purpose  of  Its 
qnalitative  detection  by  the  Salkowski,  Liobcrmann,  Lifaehiitz  and  Neu- 
borg  lucUiods.    These  ivaciious  ai-e  not  cbaraeterijslic  of  cholcslorol. 

Saikowski  reaction.  ChoIcKtcrol,  or  the  .substance  to  he  examined, 
ia  diaaoLvctI  in  5  c.c.  of  chloroform;  an  equal  volume  of  conccntrat«d 
sulphuric  acid  is  poured  nndemealh  the  ehloroform.  In  the  presence  of 
cholesterol  the  chloroform  solution  very  soon  heeonies  colorpd  a  cherry 
red,  while  thesulphurie  aeid  is  dark  ivd  with  abrilliant  gn-en  fluc>n.<sceuc4>. 
Poured  into  a  porcelain  evaporating  dish,  the  chloroform  liecomes  violet, 
green  and  finally  yellow.  Cholesterol  esters  e'lvp  llris  rraction,  hut  only 
after  a  delay,  probably  consumed  in  setting  free  1he  cholesterol.  This 
reaction  is  not  so  delicate  or  specific  as  the  acetie  nnhydridc  renetton. 

Acetic  anhydride  reaction.    (lAebermann-Barckard.)    A  little  choles- 
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tend  is  dissolved  in  2  c.c.  of  chloroform,  then  ten  drops  of  acetic  anhy- 
dride and  one  or  two  drops  of  concentrated  sulphuric  acid  are  added. 
In  the  presMioe  of  cholesterol  a  violet,  changing  quickly  to  a  blue-groen, 
is  obtained.  If  more  chloroform  i^  added  in  proportion  to  the  acetic 
anhydride,  the  development  of  the  green  is  delayed.  This  reaction  is 
the  best  and  most  delicate  of  the  qualitative  reactions. 

Dry  cholesterol  rtaction.  (Schiff's.)  If  a  few  crystals  of  cholesterol 
in  a  porcelain  dish  are  moisteued  with  concentrated  HCl,  2-3  volomea, 
containing  one  volume  of  dilute  KeCl, ;  or  n-ith  a  drop  of  concentrated 
sulphuric  acid  conlainiofT  a  trut-c  of  FuHI,;  u.ud  then  evaporated  carefully 
to  dryncBs  over  a  8amo,  a  reddi&h  violet  residue  changing  to  a  bluish 
violet  is  obtained.  With  concentrated  nitric  acid  alono  cholesterol  crys- 
tals give,  ou  evaporation  of  Ihti  acid,  a  yellow  spot  chan(;iog  to  orange 
when  moistened  with  an  alkali  (xantlio  reaction).  This  is  not  peculiar 
to  cfaoloKterol,  1mt  is  given  by  many  aromatic  substances. 

Oxycholesirrol  reaction.  (Lifsckiitz  reaction.)  A  few  mgs.  of  choles- 
terol are  dissolved  in  2-3  c.c.  of  glacial  acetic  acid  and  oxidiiKd  by  the 
addition  of  a  few  particles  of  benzoyl  peroxide.  The  solution  is  brought 
once  or  twice  to  the  boiling  point.  To  the  cooled  solution  of  oxycholea- 
terol  four  drops  of  concentrated  sulphuric  acid  are  added  and  shaken. 
The  color  becomes  a  bright  red,  then  blue  and  finally  green.  Spectro- 
wopirally  it  shows  the  typical  absorplion  bund  in  the  red  characteriBtic 
of  oxyeliolostcrol.  One  part  of  cholesterol  in  10,000  may  be  delected  by 
this  method.  Oxycholesterol  gives  this  reaction  without  the  addition 
of  the  benzoyl  peroxide. 

Meikyl  furfural  reaction,  (ycaherg  and  Rauschwerger's  reaclioji.) 
— A  trace  of  rliauinosc  or  methyl  furfural  is  added  to  the  alcoholic  solu- 
tion of  cholesterol  and  theu  concentrated  sulphuric  acid  is  cautiously 
added.  At  the  contact  surface  a  red  ring  forms  at  once  and  by  shaking, 
whilu  cooling  the  solution,  the  whole  fluid  colors  itself  a  beautiful  red 
and  shows,  after  dilution  with  alcohol,  an  absorption  band  which  begiiis 
before  E  and  ends  at  the  B  line.  The  color  is  permanent  for  several 
days.  Phytoslcrol  also  glvcit  tlii^i  reaction  and  so  do  the  bile  acids. 
(Pettenkofer's  reaction.     Camphor  derivatives,  etc.) 

Quantitative  determination.  For  the  qiiantil  alive  determination  oE 
the  amount  of  cholesterol  in  a  liswie,  the  latter  is  repeatedly  extracted 
with  i>oiling  alcohol  and  then  by  other;  the  extrn<!ls  arc  united  and  evapo- 
rated to  dryness  on  the  stoam  bath;  tho  residue  is  then  repeatedly 
extracted  in  dry  ether  and  the  ether  portions  united.  The  other  is  dis- 
tilled and  the  residue  in  diswtlvitd  in  benzene.  To  the  benzene  is  now 
added  an  amount  of  melallic  sodium  equal  in  weight  lo  the  rcjiidue  and 
absolute  alcohol  is  added  cautiously  in  small  nmount.i  until  the  snrlium 
dissolves.    "When  the  sodium  is  disBolvcd  saponification  of  the  fata 
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is  eoniimiod  on  tlic  water  bath  with  a  roSux  conduuer  £or  two  liours. 
The  solutioD  !8  ihcii  cooled,  and  filtorod  from  the  soaps,  aiid  the  soaps 
carefully  extracted  with  water-free  heuzGca,  tlie  extraeta  being  added 
to  Uie  filtrate.  The  benzene  is  now  waslied  repeatedly  with  water  to 
remove  the  sodium  aleobolatc  until  tlie  wa»ih  water  reacts  mnitral.  The 
bonzcnu  is  now  distilled  and  tho  residue  is  dissolved  in  hot  94  per  cent, 
alcohol  and  made  up  to  known  volume.  Trn  c.c.  of  tlie  alcoholic  solu- 
tion of  cholesterol  arc  now  taken  and  mixetl  hot  with  a  1  per  cent,  aolution 
in  90  per  cent,  aleohol  of  crystallized  dipitonin  as  long  as  a  precipitate 
forms.  The  protiipitate  of  digitonin-oliolesh^rol.  afti>r  atanding  a  few 
hours,  is  filtered  through  a  weighed  a.shP-Htos  Gnoph  cnicibie,  washed 
with  cold  alcohol  and  ether,  dried  at  lOO-llO*  and  weighed.  To  the 
weight  is  addcxi  .0016  gm.  for  each  10  c.c,  of  solution  a.s  a  comiction  for 
tho  amount  of  the  digitonin  cholesterol  left  in  solution,  the  compound 
not  being  absolutely  insoluble.  The  united  weights  multiplied  by  the 
factor  0.2431  gives  the  weight  of  cholesterol  m  the  amount  of  solution 
taken. 

Quantitative  d^tcrmiaation.  Colorimrtric.  (Crujant's.) — The  gravi- 
metric method  dascribcd  is  prol>ably  anperior  to  the  oolorimetrie, 
but  digitonin  cannot  always  be  easily  obtained.  For  the  colorimetrie 
determination  the  tissue  is  heated  in  1  par  cent,  sodium  earbonatc  in 
50  per  cent,  alcohol  for  twenty-five  minutes  on  the  steam  bath.  After 
cooling  tho  dried  residue  is  extracted  with  ether  to  remove  the  cholesterol, 
the  ether  is  evaporated  and  the  cholesterol  is  determined  eolorlnietrieally 
by  the  acetic  anhydride  method  by  comparing  the  color  with  standard 
tubes  made  with  known  amounts  of  pure  cholesterol  at  the  same  time. 

Amount  of  cholesterol  in  different  tissues. — Chob^terol  is  relatively 
more  abundant  in  the  brain  than  in  any  otiipr  organ  of  the  body.  It 
forms  an  important  constituent,  of  the  medullary  sheath  of  the  nerve 
fibers,  but  it  probably  also  occurs  in  the  axis  cylinder,  since  it  is  found 
in  practically  all  cells.  More  of  it  is  found  in  the  white  matter  of  the 
pons  or  corpus  eallosum  than  in  the  gray  matter.  In  tbe  human  brain 
Kirsebbaum  and  Linncrt  found  by  the  di^tonin  method  in  the  cortex 
1.15  per  cent,  of  cholesterol;  in  the  white  malfpr,  2.47  per  cent.;  in  the 
cerebellum,  1.31  per  cent;  in  the  pons  and  medulla  oblongata,  4.03  per 
cent,  and  in  tho  whole  brain.  2.69  per  cent.  Thejie  figures  are  computed 
on  the  weight  of  the  fresh  undried  tis.sue.  Dimitz  found  3.35'4.26 
per  c«it.  in  the  spinal  cord.  Thudichiim,  by  measurement  of  the  noa- 
Miponiflable  residue  of  the  brain,  found  in  the  gray  matter  1.95  per  cent ; 
in  the  white  substance,  3.26  per  t-ent.  In  the  dry  ox  brain  LifschiitJ!  got 
11-12  per  cent. as  nearly  pure  cholesterol.  Ninetj-eight  per  cent,  of  this 
was  froc  cholesterol,  the  other  2  per  cent,  existed  in  the  eater  form.  Rgg- 
oil,  prepared  from  the  yolks  of  eggs,  contains  about  5.5  per  cent  of  raw 
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cholosterol,  one-fifth  being  oxfcholesterol  estei-.  Trade  leciUun  (Mei-ck) 
noataius  esters  oi  clwl&ii^rol  and  os7ciiDlcst«ro)  about  2-2.9  per  cent. 
Ctiolesturol  uKters  art:  also  present  ia  the  kidneys  o£  the  ox,  and  other 
glandular  organs;  there  is  no  ox^'cholcsterot  in  Iho  livor.  Cholesterol  is 
jtnaieDt  in  Ihe  veruix  ca&eosa,  16.6  per  cent,  of  Liia  total  diolesterol  beijig 
oxychotesterol.  In  huitiau  blood  scrum  the  total  cholesterol  content 
vai-iod  from  Lll-^Ma  lugtt.  pur  cu.  (Weskiu  and  Kuut) ;  or  1.97  grain 
jji  the  liter  (TavovimcuJ.  Ebtuni  of  cholesterol  form  doubly  refracLmg 
luasseb  in  atheromatous  arteries. 

Chemistry  of  cholesterol. — The  empiricaJ  formula  for  choleeterol  Is 
^itUwOM  or  C^UffOH  LMauthuer  and  Suida).  When  diaeolved  in 
glact&l  acolJc  or  prupionie  aeid  it  easily  esterihea.  It  ia,  therefore,  an 
Alcohol  and  there  ia  but  one  alvohoL  group,  it  adds  broiuiue,  two  atouia 
to  the  Molecule,  and  alKO  two  atoms  of  iodine,  or  hydrogen.  It  haa, 
tlierofore,  at  Jeaat  one  double  boud.  According  to  Mautbner,  however,  it 
addii  two  nioleooles  of  ozone,  or  six  atoms  of  ox^-gen,  which  would  indi- 
eats  two  double  bonds.  When,  oxidized  it  yields,  hi-st,  a  ketone,  eholea- 
tcron,  a  neutral  body  a\so  called  oxychoteiterol,  (J,,Ui.O  i  aud  on  f  ui'ther 
oxidation  a  nariea  of  clielosterinic  acids,  dicorboxylic  and  triearboxylie. 
It  is  only  very  slowly  acted  upon  by  potassium  hydrate  in  solution,  but 
when  fused  with  KUU  it  is  attacked  below  the  point  of  fusion.  It  is 
readily  oxidized  by  benzoyl  peroxide,  by  potassium  permanganate,  or 
bichromate  in  glacial  acetic  solution.  By  reductiou,  it  absorbs  two 
atoms  of  hydrogen  and  gota  into  hydi-ovholesteriu.  It  is  unstable  in 
light  iu  the  pritwiuec  o£  o.\ygi:u  uud  clmugi--»  tu  u  darker  i^olor,  a  lower 
uielting  point,  and  to  oxycholcstcrol,  giving  then  Llfachiita'  reaction. 
(ScbulzOi  Wiutcrstoin.)  1m  lanolin,  the  fat  of  sheep's  wool,  various 
dOGOjnpofiilion  products  of  cholesterol  as  well  as  oxy-  and  uncliangcd 
and  iao-cholenterol  are  found.  Esters  are  readily  formed,  most  of  them 
being  crysLallinu.  Tbu  palmitic,  stearic,  oleic,  bisuzoic  and  suliuylie 
esters,  among  others,  have  been  prepared.  By  fusing  cltolesterol  with 
propionic  acid,  tJie  propionic  acid  e.ster  is  formed.  Many  of  these  esters 
when  cooling  after  melting  show  a  beautiful  play  of  colors  from  violet, 
bluo-greeu,  orange  and  carmine  red.  This  inay  be  used  for  detocting 
cholesteroL  If  gently  fused  with  propionic  auhydhde,  two  to  tht^e  drops 
in  a  dry  test  tube,  and  a  little  of  the  fused  mixture  taken  out  on  a  glass 
rod,  the  play  of  colors  may  be  seen. 

h'rom  a  study  of  the  decomposition  products  and  the  properties  of 
the  Huhslance,  tlie  couolusion  has  bct-n  tentatively  reached  that  cholesterol 
is  a  mono-bydi'oxy-secoijdarj-  alcohol,  with  a  teiiuiiial  vinyl  group ;  with 
a  double  bond ;  and  iirohobly  containing  four  saturated  hexa-carbon 
rings.  The  structure  of  the  nucleus  has  not  yet  been  made  out.  Tho 
formiLJA  as  far  as  known  is^  then,  accordiag  to  Mautbner: 
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It  belongs  in  Uie  geuer&l  group  of  Uie  terpeaes  and  it  is  probably  elosel/ 
rolated  to  the  bile  acids. 

Physiological  importance. — Cholesterol  is  one  of  tbe  most  important 
pliysioloffical  subBtuuces.  In  patholo^,  also.  It  plays  a  considerabte  role. 
Ic  forma  one  of  the  cliief  constiluents  of  gall  stones,  and  deposits  in  the 
walls  of  arteries.  It  may  have  some  value  as  a  remedy.  Aa  we  hare 
seen,  it  forms  a  weak  moleuular  uuiou  with  sapoiiaoeous  substances  like 
digitoniJi.  It  acta  in  a  similar  way  witli  otlier  Lemolytiu  substances,  such 
as  aaponin,  and  other  glucoaides.  It  neutraluses  tbeir  toxic  action  and 
thas  protects  tlio  blood  coi-pusclos  of  the  body.  The  rod  cells  are  con- 
stantly being  attacked  by  licmolyziug  substances  and  dissolved.  If  the 
rate  of  destruction  surpasses  tJie  rate  of  new  formation  anemia  is  pro> 
duced.  Cholesterol  has  the  property  of  protectiug  the  corpuscles  from 
many  of  these  dissolving  substaueca,  such  as  the  bile  salts  among  others. 
It  IB,  hence,  being  tried  as  a  remedy  in  bemoglobiauria  and  anemia. 
It  probably  plays  a  very  important  r51o  iu  the  blood  in  this  way. 
Another  property  of  cholastorol,  possibly  of  no  less  importance,  is  that 
it  neutralizes,  or  chocks,  the  action  of  lipolytic  onzymea.  It  may  in  this 
way,  perhaps,  protect  the  Hpius  of  tiie  coll  from  digestion,  or  help  K^- 
late  the  rale  of  digestion  of  tlieia.  It  has  recuutly  been  found  by  Paust 
and  Abel  that  derivatives  of  cholesterol  are  among  the  most  powerful  of 
heart  poisons.  These  investigators  have  iMolaleJ  from  the  akiiis  of  toads 
crystalline  substances,  evidently  oxiilatiou  products  of  eholeaterol,  which 
have  most  powerful  digitalis-Uko  actions  on  the  heart  Their  artificial 
formation  from  cholesterol  may  put  in  the  Iiands  of  the  physician  a  vala- 
8bl«  remedy  of  the  digitalis  class.  Cholesterol,  or  its  degradation  prod- 
ucts, aids  tlie  other  lipins  iu  giving  to  cells  their  power  of  holding  largo 
(jiuautittes  of  water  without  losiug  their  peculiar  semifluid  characters, 
and  witliout  dissolving.  As  a  cuiistitucut  of  wool  fat,  or  luuolin,  it  kelps 
form  a  valuable  salve  rauiistniuiu  for  tho  physician,  lanolin  taking  up 
60  per  cent,  of  water  in  which  water  soluble  drui^s  may  be  dissolved 
and  applied  as  a  salve.  As  a  constituent  of  waxes  and  the  sebum  of  tha 
^in  it  protects  the  epidermal  structures;  it  forms  one  of  tho  most 
abundant  lipins  in  Uie  brain  and  occurs  iu  nearly  all  living  tiAsues;  it  is 
believed  to  be  the  molhi^riiiibdtance  from  which  the  bile  acids  are  derived 
and  so  plays  indirectly  an  important  part  iu  the  absorption  of  fats  from 
the  intestine ;  it  probably  gives  ri»e,  also,  to  some  of  the  liporhrome  pig* 
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menta  and  possibly  to  some  of  the  odoriferous  substances  of  plants  and 
animals. 

The  emulsions  formed  from  water  and  cholesterol  esters,  or  cholesterol 
in  union  with,  or  mixed  with,  other  lipina,  particularly  the  amino-Upins, 
are  extremely  interesting  and  should  be  carefully  studied.  Some  of  the 
acids  formed  by  the  oxidation  of  cholesterol  are  poiaons  having  a  toxic 
and  hemolytic  action  comparable  with  some  of  the  snake  venoms.  By 
repeated  oxidation  of  cholesterol  Windaua  obt^Lined  an  acid,  Ci,H^oO», 

{ Cflj)  J  =  CH.CH^.CH^.  C^,H^^— CO— COOH 


/ 

COOH 


10  =  0 
COOH 


more  hemolytic  than  the  bile  acids.  The  acid  CjiH^oOb  was  as  powerful 
as  many  saponins  in  dissolving  red  blood  cells.  It  caused  local  necrosis 
like  that  caused  by  many  snake  poisons.  It  probably  plays  an  important 
part  in  the  Wasaerman  reaction.  Cerebro-spinal  liquid  of  syphilitica 
generally  contains  more  cholesterol  than  normal  (Pighini). 

Other  sterols. — Other  sterols  isolated  from  animal  and  plant  tissues 
are  the  following: 


SnbitaDcc 

Purmula 

H.F. 

Itutalioa 

Where  found 

PhTtootflTOls 

^«K«o 

136°-144'' 

Various  plants 

Sitoaterol 

•^i-^^o  ""^ 

136.6" 

—26.4  (Ether) 

Wheat  embryos 

CjjH^jOH  H^O  (Ritter) 

—33.9    (CHCI  ) 

Calabar  bean. 

137.0°  (Burian) 

Paylla  ftlooho) 

C„S„0H 

e9°-70° 

Pay  I  la  wax. 
Bumble-bee  wax 

iBOGhoIeatsrol 

^»^<,'^ 

140.r 

(CHCl  )"■  +5B.1    Wool  fat 

(137"-!38°) 

'  -1-60.0 

(Dried  at  80° 

) 

TKr«xast«roI 

C„H„OH 

Taraxiciim  officinale 

(Power  and 

Browning) 

Hraio    "    « 

Ch^»OH 

ClatyiaBol 

0„fl«0(OH), 

1 

Clutyia  si  mil!  i 
(TutinandClewer) 

Spongosterol 

^«^*,^ 

124" 

MV-19.69" 

Sponge 

BombiceBteroI 

148" 

—34°  (Ether) 

Silkworm  chrysalis 

Stignuiterol 

C   H   0 

M     *8 

170" 

—45.0"  (CHClg)  Calabar  bean 

Rape  oil;  cacao 

butter 

Ergosterol 

160" 

Boletus  edulis 

Cuearbitol 

C   H   0 

9^       An      i 

aeo" 

Watermelon  seed 

StercoTol 

95-96' 

+  24° 

Human  feces 

(Eopn»t«rol) 

Bippocopro- 

■terol 

C   H   0 

78.6-79.6" 

Horse  feces 
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Phospholipins,  or  phosphaddea. — ^Utlioiigli  (.he  fa1s  liavc  boen  dis- 
cussed WTori:  tiiu  pliutiphutideiS  because  of  the  simple  structure  of  the 
former,  were  we  to  place  them  in  the  order  of  tbcir  importance  in  the 
production  of  Wtal  plionomeuo,  there  can  be  little  doubt  that  the  phos- 
phatides Hhould  have  been  (.-oiiaidercd  lii'st,  an  among  the  inixit  importAut 
tiubsliuiceii  ill  liviug  mai.txit'.  For  tlicy  are  found  in  all  cells,  and  it  in 
undoubtedly  their  function  to  produce,  with  cholesterol,  the  peculiar 
semifluid,  eemisolid  slate  of  protoplasm.  The  latter  holds  much  water 
in  it,  but  does  not  dissolve.  Indeed  it  might  be  said  that  the  phos- 
phatides  n-itb  cholesterol  make  the  essential  physical  aubslratom  of  living 
matter. 

Definition.  This  physical  substratum  of  phospholipin  differs  in  dif- 
ferent cells  and  probably  in  the  same  type  of  cells  in  different  animaU, 
but  cverj'wherc,  from  the  lowest  plants  to  the  highly  differentiated  brain 
cells  of  mammats  and  of  man  himself,  it  possesses  certain  fundamental 
chemical  and  physical  properties.  In  all  ca^es  ibc  phospholipin  sub- 
atralum  is  solublo  in  alcohol  couiainiiig  some  water.  The  phospholipin* 
may  be  separated  from  tlie  protein,  Kalt  and  other  insoluble  subrtances 
by  extructiuu  with  80  per  cent,  ethyl  alcohol.  Miuiy,  but  not  all,  ore 
Soluble  when  pure  in  ahitelute  ether,  or  in  absolute  alcohol,  hut  all,  or 
nearly  all,  may  he  extracted  with  impurities  by  85  per  cent,  alcohol.  It 
ia  extremely  diflleult  to  remove  the  phospholipins  completely  from  the 
protein,  with  which  a  part  appears  to  be  in  combiuatiuu,  but  by  repeated, 
fifteen  to  tweuty,  extractions  witli  boiling  85  per  cent,  or  90  per  cent, 
alcohol  and  ether  they  may  be  practically  completely  removed. 

Most  of  the  Ho-callod  fat  of  tissues  is  in  reality  jihospholipiu  and 
cholesterol.  It  is  usually  obtained  by  ether  or  alcohol  extraction  of  the 
dried  tissue.  The  total  alcohol-other  extract  (fat)  of  the  pig's  liver 
was  found  by  MacLean  and  Williaioa  to  contain  84  per  cent  of  phospho- 
lipin and  16  per  cent,  only  was  neutral  fat  and  cholesterol,  or  substances 
soluble  in  acetone. 

There  is  probably  always  more  than  one  phospholipin  in  a  cell  and 
when  they  are  separated  from  each  other  and  from  fat  and  sterol  some 
of  them,  such  as  cephalin,  are  almost  insoluble  in  absolute  alcohol  even 
when  boiling;  and  others  are  insoluble  in  ether;  but  in  a  mixture,  those 
which  are  the  more  soluble  hold  those  which  are  less  soluble  in  solution, 
so  that  their  separation  by  differential  solubility  is  a  matter  of  difficulty. 

Tlie  phospholipins  are  so  called  because  they  always  contain  phos- 
phoric acid;  in  addition  they  always  contain  some  higher  fatty  acids; 
and  the  typical  ones  an  organic  base,  which  is  sometimes  choline,  but 
in  many  its  nature  is  unknown.  Most,  but  apparently  not  all,  contain 
also  glycerol.  They  resemble  the  fats  and  oila,  then,  in  containing  fatty 
acids  and  glycerol,  but  they  di£Fer  from  them  in  having,  in  addition. 
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pbosphoric  acid  and  some  nitro^eD  base.    It  ia  just  tliia  composition  which 
explains  their  peculiar  relation  to  water,  for  Ly  tboir  fatty  parts  they 
prevented  from  dissolving  in  tlie  water,  while  in  virtue  of  the  choline 
other  base  and  phosphoric  aeid  in  tJieir  molecules  they  have  a  great 
ity  for  it 

The  exact  chemical  composition  of  none  of  the  phospliolipins  has 

been  definitely  established,  but  the  constitution  of  at  least  two  of  them 

probably  approximately  known.    These  two  are  lecithin  and  cuorin. 

he  niason  why  more  of  them  arc  not  kno\m  is  owing  to  the  lack  of  accii- 

ate  cheuucal  iiuautitativc  luethoJa  for  their  preparation  aud  tmalyais, 

and  tJie  great  diffieulty  of  securing  stable,  pure  substances  for  analysis. 

Bat  lecithin  and  cuorin  may  be  taken  as  types  of  phospholipius  which 

ire  widespread. 

Classification  oi  the  phospholipins  (phosphatides). — Ttio  following 
classification  was  suggested  by  Thudichuni  fur  the  pliosphaltd^  and  iki 
Coming  more  aud  more  into  use.  Tlie  pbosphulipimi  are  divided  iiilo  the 
foUowtug  groups: 

1.  Moao-amiuo-mouophosplioUpiDs.    Lecithin,  cephalin. 

2.  ilono-amino-diphospholipins.    Cuorin, 

3.  Di-amino-monophospholipins.     Sphingomyclui. 

4.  Tri-amino-monophosphoUpius.     Camaubon, 

This  classification  is  of  course  of  a  temporary  naluru  until  the  real 
composition  of  the  memhcrs  of  Ihc  group  is  known,  whtu  a  more  definite 
dassiflcatiou  <?au  be  made. 


aerttral  method  for  Ihr  xepantUon  of  photphotipitui  from  critt. 

Dry  Uic  ti«iue  &L  low  tPtnppiutuTV.     If  poMibIc  freexc  it  hnmcdUUlj  after 

rt-niiiral   from  tlio  utinul  to  atop  nt  once  ihr  ncUon  of  poasibic  pbntpliatlileasM. 

Si^linvfi  tti»  (rtixm  Umuc  in  a  KoimcI  kniF*^  [n.ii-hlne  uml  iillciw  U  to  Aty  in  »  fronni 

•tat«  in  a  vnt'tium  (It'ssicalot  over  At  O    or  C'aOl^.     Extract  tlit'  Atv  U^hui.-  Iwice  witb 

'  CfAti  aixtont  kt  room  t«Tnpcratiirc-.    Tliia  rotnovrs  mont  of  t-Iit  fnt  ■ntl  atcrol.     Siicic 

|nir  thn  vwtone;  fn-c  the  powdiT  frinn  nci-tona  by  evnporation  at  room  tempvmtnrc; 

Ivnil  rxtmrt  villi  alraoluUi  nthpr  at  room  tent pcral urn.     Tli«  «tber  will  rvnun-e  any 

[cc(^11d.  or  Icdtliin.    Some  ccrebrin  and  otlicr  tirailar  ccr<ybro«ide«  ar  glymlipins, 

Ittliich  wIm-h  pur«  «N>  iiMCiUititr  in  rtlicr,  ntitjr  a\*o  go  into  solution  in  the  eth^r  whc^n 

the  latlor  lia!>  Ipcithtii  in  it.     Mimt  of  llic  Klyrollpiji.t,  liowuver,  will  rvniahi  Miini). 

fliM  Fiber  pxtm^on  mity  be  follontMl  by  n  boiliii}{  ntculiol  cTtrsctinii,  wliich  Kill  take 

I'Oul  moat  of  Hit  glyeallplria.  If  aiiT  arc  pr^<cnt,  ainl  tlic  rRmnnnt  of  Iccitbin  anil  otbcr 

phoipbolipina.    Tb<!  «th«r  pxt.raot  bnrl  bent  bn  trvntod  acparntely  from  tlic  a)«oliollc. 

I  £r»ponitc  the  ttbcr  un<lcr  diininixlu-i]  prcmiuM;  at  low  ti-iDporatuw,    tjiltf.  up  lh« 

Mtrart  in  coW  atHuiIutv  tttlier  ami  allow  to  eUnd  twcntj-foiir  hmirs  or  longer,  in  n 

tali  cylinder  until  n  wbito  prPcipiLitJ'  (glycolipin,  aulpliuliilc,  etc.]  haa  gcttli^d  out, 

Tbc  clear  aoluCioti  Is  then  sticlced  off  from  tlip  pn'cijrilntc  and  to  It  two  rolumos  of 

gaoA  a»tOii#  nrp  nilili'il.    Tlii*  pri'i»ipiUtM  Iho  pho5pholi|iiiis  nnd  Ipnvpii  mowt  of  th» 

fat  tai  cholesterol  in  nolution.    Rodi^wlve  io  ether  niid  rcpr^cipitat*,  oft*r  acttUng 

out  tho  wliil*  tubfttunc«:  and  repeat  tliis  until   the  cIIht  ilinsolvti  entirely  clear, 

hj  thv  addilion  bow  of  thT«e  volumtta  oF  absolute  alwhol  to  e^cli  voluma  of  oUier  th« 
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ledthin  lubstancra  ma;  be  separated  from  the  cephalin,  or  cnorins  which  are  pre- 
cipitated. 

Xlie  substances  thus  separated  as  lecithin  and  cephalin  are  still  impure  mix- 
tures of  several  phospholipins.  The  method  for  the  preparation  of  pure  ledthin  is 
given  in  the  chapter  on  the  brain.  It  consists  in  tjie  precipitation  of  the  lecithin 
as  the  cadmium  salt  by  alcoholic  cadmium  chloride,  the  fractioning  of  the  precipitate 
hj  means  of  benzene  and  the  final  separation  of  tiie  lecithin  as  the  chloride  hj  H  8 
and  of  the  free  lecithin  b;  the  use  of  Millon's  base. 

If  it  is  not  possible  to  freeze  the  tissue  it  should  be  placed  at  once  in  a  large 
amount  of  95%  alcohol,  cut  into  small  pieces  and  extracted  twice  with  cold  alcohol, 
to  remove  the  water,  and  then  boiled  out  repeatedly  with  fi5%  alcohol.  The  phos- 
pholipins are  recovered  by  distilling  off  the  alcohol  and  allowing  to  cool.  They  may 
be  separated  in  the  method  described  under  the  brain. 

Lecithin. — This  is  one  o£  the  phospholipins  of  the  yolk  of  the  hen's 
egg:.  The  name  is  from  the  Greek,  lekythos,  meaning  yolk  of  egg.  It 
was  first  isolated  and  the  name  given  by  Goblcy  ^  in  1846.  Diakonov, 
ill  Hoppe-Seyler 's  laboratoiy,  worked  out  what  is  believed  to  be  its  com' 
position  in  1867,  although  it  is  very  improbable  that  he  ever  had  pare 
lecithin.  Oa  hydrolyzing  it  with  barium  hydrate,  glycerol,  phosphoric 
acid,  stearic  acid,  oleic  acid  and  the  base  choline  (neurine,  accordiDg  to 
Thudiclium)  was  obtained.  He  wrote  its  formula  C^^IIooNPOe+HjO  and 
regarded  it  as  distearyl  lecithin.  Its  structural  formula  was  believecl  to 
be  as  follows: 

H         0 

H— ('>_0_ci- ( CH^ )  j^— CH^ 

o 


H-C-0-C-(CH^),-CH^ 


H-L-5. 


'— 0— CH^~CH^— N  { CH  J )  JOU 

H  OH 

Hypothetical  formula  of  lecithin. 

Its  molecular  weight  has  not  been  directly  determined.  The  molecular 
weight  with  the  above  formula  would  be  807.  It  was  very  quickly  fonnd 
by  Hoppe-Seyler  and  his  pupils  that  Iceithin-like  bodira  were  present 
in  all  cells  and  that  they  might  contain  palmitic,  oleic  and  other  acids; 
but  until  recently  it  was  believed  that  the  base  was  always  choline  and 
the  alcohol  glycerol.  It  is  uow  clear  that  there  are  a  group  of  substances 
differing  widely  in  chemical  composition,  of  which  lecithin  is  but  one. 
This  group  we  have  called  the  phospholipins.  Lecithin  in  ether  solution 
will  not  diffuse  through  a  rubber  membrane.  Its  molecular  weight  may 
possibly  be  double  that  cited. 

'  Goblcy:  Journal  de  pkarmacie  et  de  ckimic,  Vol.  XI,  p.  400;  XII,  p.  5;  XVII,  pi 
40Xj  XVIII,  p.  107. 


Tire   MriKS.     PATS,  On^,   waxes,   phosphatides,  sterols      91 


The  bydrolTtio  devompoaition  of  lecithin  is  supposed  to  follow  the 
reaction : 


r 


^«"«^'«^.  +  *".*>-  C.. V.  +  C.A.«.  +  SV,  +  H.™.  +  S".. 


liodUiia.       Walcr.      Uleic  aaid. 


NO, 
Pnlmitio      titjcvio].  Phoipliorio    Choline. 


I 
I 


There  U  one  atom  of  nitrogen  to  one  of  phosphorus,  so  tliat  lecithin 
is  a  mono-amino-monopliospbolipin.    >J:P::1:1. 

The  uctua!  analysts  of  egg  lecitUin  have  given  figui-es  for  the  fatty 
acid  contvot  wliich  uorrtSipoud  uLoscly  to  tiic  Iheurutical;  and  approxi* 
tuatcly  the  theoretical  amount  of  pbospborus  and  nitrogcD  boa  been 
found,  bat  tlie  quantitative  determination  of  the  cboUno  is  siitl  impoe- 
sible  and  only  suiue  bO  pur  cent,  of  the  theoretical  amount  bas  actually 
be«n  recovered.  The  i<hief  difficulties  in  the  way  of  a  quantitative  deter- 
mination of  choline  have  been  lw«:  the  fimt  iH  ttnit  clioliue  is  not  eutir^y 
Stable  in  barium  hydrutu  whit-li  is  gciiurully  usud  for  tlio  hydrolyiuK,  and 
some  nitrocen  of  an  nnkuowa  nature  alwaj-K  n;mainii  in  tbo  fntty  acid 
residue  when  this  motbod  of  liydrolyKis  is  used;  the  second  is  tbat  tlio 
precipitation  of  choline  by  platinum  chloride  is  not  quantitative,  par- 
ticularly* in  the  presence  of  other  substances  such  as  glycerol -phosphoric 
acid.  JVtoreover,  unlt;s9  itpmal  methods  are  used,  Hit.-  platinitm  cotupound 
nearly  always  contains  potassium.  The  lirst  difiifiiilry  can  bo  avoided  by 
the  use  of  the  method  of  alcoholysls,  that  is  hydrolysis  by  liydrochloric 
acid  in  absolute  alcohol.     But  the  second  is  stitl  unsurmounted. 

Pure  lecitliiu  is  a  white  substance,  crystalliEing  in  very  t1iin  plates 
which  moss  together  to  form  a  waxy  mass.  It  is  readily  soluble  in  alcohol 
and  ethor  aud  can  be  separated  from  other  phospholipios  which  may 
accompany  it  only  by  preeipitstmg  it  with  cadmium  chloride  and  the  ase 
of  a  complicated  method  of  purilieation.  See  page  569.  Few  people  have 
pr^ared  pare  Icclthio.  Aceording  to  Thudichum,  lecithin  always  con- 
tains oleic  acid.  Tbo  point  of  anion  of  the  choline  is  still  disputed  and 
the  exact  structure  of  the  molecule  is  uncertain.  The  formula  giveu  is, 
perhaps,  the  most  probable.  Thudichum  believed  that  the  Catty  acids 
were  united  with  the  pbospUoric  acid,  but  this  does  uot  seeui  very 
probable. 

On  hydrolysis  lecithin  yields  oleic,  palmitic  and  stearic  acids,  choline 
or  nourinc,  plj-cerj-l-phosphorie  acid,  and  free  glycci*ol  and  phosphoric 
acid.  Many  substances  have  in  the  past  been  called  lecithins  which  were 
either  very  impure  leijithin  or  phospliolipins  of  a  similar  cliaracier. 
Lecithin  is  fairly  stable  and  may  he  kept  as  the  cadmium  salt  or  even 
aa  free  lecithin  for  a  long  period  nuehaugcd.  It  is  much  more  stable 
than  tlic  cophalins  (kcphnlins). 

It  is  probable  that  there  are  a  number  of  dilTorent  lecithins^  since 
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the  character  of  the  fatty  acid  may  vary  in  different  members  of  the 
group.  A  phospholipin  yielding  choline,  fatty  acids,  glycerol  and  phos- 
phoric acid  may  be  called  lecithin.  It  is  doubtful,  however,  whether  the 
phospholipin  of  the  egg,  which  is  properly  called  lecithin,  is  found  in  any 
other  tissue.  We  might  call  those  phospholipins  which  yield  choline  the 
choleo-phosphoUpins. 

Choline.    This  is  the  base  found  in  egg  lecithin.    It  is  trimethyl, 
oxythyl  ammonium  hydrate  and  has  the  following  formula: 

\/CH.CHOU 
CH,— N 

CH  ^"^OH 

Choline.  CjjHjjNOj. 

It  is  related  to  neurine  and  muscarine,  the  latter  being  an  oxidized 
choline  found  in  poisonous  mushrooms  such  as  Agaricus  muscarius. 

Cli  CHj 

\/CH    COH  \/CU  =  CH 

CH— N  OH.— N 


i  ""  CH, 

3  3 


Muscarine,  C  H.  N'O  .  Neurine,  C  II,.NO. 

Choline  was  discovered  by  Strecker  in  ox-bile,  hence  the  name  choline, 
from  the  Greek  chole,  bile.  It  is  foiind  in  many  different  cells,  as  phos- 
pholipins wliich  are  said  to  yield  choline  are  widespread  in  nature.  In 
some  instances,  however,  the  substances  identified  micro-chemically  as 
choline  may  uot  have  been  clioline,  but  trimethyl  amine  (Dor^  and 
Golla).  Neurine  is  found  in  the  nervous  sj'stem  of  the  ox,  but  not  free. 
Ii  is  probably  derived  from  choline  in  the  process  of  preparation.  It  ia 
difficult  to  see  how  neurine  could  form  a  part  of  a  phospholipin  except 
as  a  salt  tlirough  tlie  hydroxy!.  Choline  is  also  related  to  the  betaines. 
Bctaine  is  the  anhydride  o£  Irimetliyl  amino-acetic  acid.  The  formula  is 
as  follows: 

CH.— k.     CH— 0  =  0 


CH^      ■      0 
BetaTne,  C.H   OJS. 

Betaine  gets  its  name  from  the  fact  that  it  occurs  free  in  the  sap  of  the 
sugar  beet,  Beta  vulgaris.  It  is  also  found  in  many  other  plants  and  the 
homologues  of  betaine  are  very  common  in  plants,  and  one,  the  a-<ay-y 
trimethyl    bntyro    betaine,    is    found    in    muscle    (camutine).      liaxgs 
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amounu  of  beta'i'ne  occur  m  the  fresh  muscles  and  salivary  glands  of 
cephalopoda. 

Cliolirn;  iis  a  fairly  strong- l>a-'ie,  alkalliK-.  in  reaction  and  absorbing  CO.. 
from  thv  air.  It  cryalallizcH  readily  as  the  double  salt  of  plutinuui 
chloride  (CiII,.NOCi),  PtCl,  in  reddish  yellow  plates.  Thudichum 
slates  that  the  correfipoMdinpf  nourino  salt  cr-ystallizps  muoh  more  beau- 
tifully  if  tlifPtf  is  somt-  potassium  uhloride  [ireseul  as  an  impurity. 
Choline  is  preeipitated  by  phoKpho-tungstic  acid.  It  is  unstable  as  the 
froe  base,  bul  Ktabl»  as  the  Rait.  It  will  be  notiee<l  that  in  locllhin.  if 
the  ordinary  formula  is  con*oct,  the  liydroxyl  of  the  choline  is  free. 
This  may  be  auhstilutcd  hy  other  anions  such  as  chlorine,  making  Iccitliin 
rhloride.  This  is  very  important  from  the  point  of  view  of  tho  action 
of  inofgimic  salts  on  protoplasm,  for  at  this  point  the  anions  of  the  salts 
inay  act  on  the  li^-iDg  matter  by  clianging  the  state  of  aggregatioii  of 
tlie  liaritliin  by  sulwtitntiiig  this  liydroxyl  of  the  lecithin.  Moreover,  by 
the  inteniftion  of  the  hydrogen  of  the  phospiiorio  acid  with  the  hydroxyl 
of  the  eholine  anhydrides  may  be  formed. 

Cholint!  has  a  prononnced  physiological  action  and  its  rat«rs  arc  oven 
morn  powerful.  It  is  said  by  most  observers  to  cause  a  loworiiie  of  the 
blood  pressure.  Modrakowaki  and  Popielski,  hoivever,  maintain  that  pure 
choline  raises  the  blood  prcf^^nre  in  uon-ancsthelizcd  animals.  The  lat- 
ter recO's'slIiTied  the  platinum  double  salt  and  picked  out  the  larger, 
better- formed  crystals  in  order,  as  they  thought,  to  get  «  pure  product. 
The  reason  for  the  discrflpaney  botwocn  tli*>se  different  ohBrr\'ers  in  the 
action  of  choline  is  not  clear.  Choline  decomposes  re-adily.  They  ascribe 
ihe  lowering  of  the  blood  pressure  obtained  hy  others  to  impurities 
protluccd  by  decomposition.  On  the  other  hand,  carefully  prepared, 
synthetic  cliotine  alill  lowers  the  blood  pressure.  Most  investigators 
tested  the  action  on  anesthetized  animals.  Perhaps  the  dilfcreDce  lies 
here ;  possibly  the  larger  crystals  pioknd  out  by  Popielski  may  have  been 
impurities  or  choline  esters,  since  Thudichum  has  shown  for  neurine 
that  a  slight  imparity  of  potassium  greatly  improves  the  power  of  erys- 
tallization  of  the  platinum  salt.  Choline,  as  the  free  base,,  is  said  to 
decompose  readily,  yielding  trimelhyl  amine;  and  trimethyl  amine  has 
been  found  to  be  a  normal  constituent  of  human  blood,  urine  and  other 
fluids  and  tissues.  If  a  IccitJiin,  or  other  phospholipin.  is  hydrolyited 
with  barium  hydrate  some  nilrogcu  evaporates  and  part  of  it  goes  as 
Irimetbyl  amine.  The  corious  fact  is  that  the  amount  of  trimethyl  amine 
obtained  dom  not  seem  to  depend  on  the  time  of  heating,  which  would 
indicate  the  possibility  either  that  trimethyl  amino  is  not  derived  from 
tlie  choline  but  from  some  other  base,  or  else  that  it  is  preformed  in 
small  amounts  in  the  lipin.    Tlie  subject  needs  further  investigation. 

an  eiample  of  the  contradictory  cvidcnco  on  some  of  these  points  by 
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the  best  investigators,  the  observation  of  Thudiehum  on  cephalin  may  bo 
cited.  According  to  Thudiehum  cephalin,  which  he  purified  with  the 
greatest  care,  more  carefully  than  most  other  observers,  contains  quanti- 
ties of  neurine  which  was  identified  as  the  platinum  double  salt.  He 
found  also  amino-ethyl  alcohol  and  another  base.  Now  according  to 
Koch  there  is  probably  no  neuinne  or  choline  in  cephalin  and  this  has 
been  confirmed  by  Foster.  "What,  then,  was  the  base  which  was  so 
much  like  neurine  as  to  mislead  so  sharp-sighted  an  investigator  as 
Thudiehum!  What  weight  shall  be  attributed  to  the  reports  of  others 
as  to  the  presence  or  absence  of  choline  or  neurine  in  animal  tissues 
or  phospholipins  f 

The  decomposition  of  choline  by  heating  into  trimethyl  amine  and 
glycol  is  represented  by  the  following  equation : 

CH^  CH 

\X  f'W^.CHjOII  \ 

ch.— n  =    ch  — .n  +  ch  oh.ch  oh 

ch/^«"  ch-^ 

Choline.  Trimethyl  Amine.  Glycol. 

It  is  the  opinion  of  several  observers  that  choline  and  similar  sub- 
stances of  the  class  of  botainea,  which  are  quite  common  in  the  plant 
and  probably  in  the  animal  world,  originate  by  the  methylation  of  some 
of  the  amino  acids. 

Quantitative  determination  of  choline. — The  following  method  waa  used  by 
Kinoshita  for  the  qunntitative  determination  of  the  amount  of  choline  in  tiesues. 
One-half  to  one  kilo  of  the  organ  freed  from  connective  tiaaue  and  fat  is  hashed  and 
mixed  with  a.  double  weight  of  water  acidified  with  acctio  or  hydrochloric  add  and 
boiled.  The  extract  ta  filtered  through  a  cloth  and  the  extraction  three  times  re- 
peated. The  fluid  of  the  extract  is  allowed  to  cool,  the  fatty  layer  removed  and  after 
acidification  with  hydrochloric  acid  to  prevent  the  decomposition  of  the  choline  it 
is  concentrated  first  over  the  free  flnme  nnd  then  on  the  water  bath;  the  concentrate 
ia  poured  into  a.  3-liter,  round-bottom,  Jena  glaae  flask  and  by  vacuum  diatillatlOB 
on  the  wat4'r  bath  brought  to  dryness.  Tlic  residue  is  then  extracted  three  times  in 
the  same  flask  with  boiling  ether  and  the  ether  poured  off.  The  choline  is  thai  r» 
moved  by  three  extractions  with  boiling  95%  alcohol  and  the  united  alcohol  eztraota 
brought  by  distillation  in  vacuo  on  the  water  bath  to  drjncHs.  The  residue  ie  ex- 
tracted with  absolute  alcohol,  the  alcohol  evaporated  and  again  extracted  with  a1»o- 
Iiite  alcohol  and  the  last  absolute  alcohol  extract  is  filtered.  The  choline  in  the 
alwolute  alcohol  solution  is  now  precipitated  by  the  addition  of  an  absolute  alcohol 
solution  of  PtCI  or  HgC!„.  The  precipitate  after  twenty-four  hours'  standing  in  tha 
cold  is  suspeniled  in  water  and  dccomjiosed  with  H,,S  and  tlien  without  filtering  it  fa 
evaporated  to  dryness  in  a  poreclriin  di>^li  on  the  water  bath.  Tlie  residue  is  taken  up 
in  a  little  water,  filtered  and  the  resiilue  carefully  washed.  Tlie  solution  is  evapo- 
rated to  a  small  bulk  and  the  gold  double  salt  formed  by  the  addition  of  AuCl^.  The 
gold  chloride-choline  crystals  are  weighed. 

Choline  may  be  precipitated  from  its  solution  by  EI^!  byPtCl^;  or  by  an  alcoholie 
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UgCl   Mlutiaa,  KI    will  preetpit*t«  wh«n  added  to  an  fttjUMUS  c1)oliii«  i^loride  ftolution. 

A  10%  Hg('1,  Rolntion  in  alrahol,  or  n  10^  Dolution  of  TtCI  in  alcolwl  when  added 
ilo  an  alo&holic  tolution  ot  nbiilim'  chloildi^,  am  nUiiit  cjuall/  rlKiMetou*  ns  prvoipl- 
'  timL  A  .002-.D01%  aolntioi)  of  ctiolintt  dilorlde  will  givit  with  either  rcnici'iit  a  distinct 
|pr««ipIU(«  In  10  to  IS  uiaut«B:  and  a.  .000fi-.0003<&  solution  vlll  ^ve  a  noticeable 
I  |>r«d|>itat«  afttr  90  minut«D.    Ena  a  .0000S%  Mlution  will  give  a  slight  prccipitata 

after  2  boura.    Sabltnutti?  mlutioB  in  alwotnt«  nicuhol  added  to  tbc  aloobolic  aoltition 


'---  \, 


IPio.  10.— 4.  Crjutnli  of  rholln*  n'llMllile. 
BenDatl«n  oT  ollj  drop*  (ItoMotLetm). 


.1 


fl.  Cryiilala  nadericolDc  dliltHtKrailun  and 


ol   oholine  ehloridc   procipltatca  far   marc  com]>let«1y  than   the  aqaeoiu  solution 
<KiDOihit«). 

Noon  of  th«  nticr(»-eh«Ritcs1  testa  vhich  hare  been  proposed  for  tho  detration  or 
choline  ar»i  reliable.  Most  of  thcao  rtnvtioni,  sucli  aa  the  Florence  reaction,  are  gtrea 
hj  neurlnp,  trirorlliyi  ainini.'  and  other  bodies  (Kinnithitn]. 

Amount  of  choline  in  various  tissues. — The  quantitative  deierouDa- 
ition  of  the  choline  in  various  tissues  haa  yielded!  the  following  results. 
J  This  cboliae  iit  not  free  but  is  split  olT  by  heating  the  tissae  with  hydro- 
[ctiloric  acid. 

Amount  of  choline  in  per  cent,  of  the  wet  weight  of  the  tissue.  Direct 
Edet«rminatioii  by  Ihe  gold  salt  (Kiooshita). 
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Cuorin. — C„IT,jiNP,0,,.  This  as  the  name  implies  is  a  phospholipin 
llsolatud  from  the  beef  heart.  Id  ita  solubilitim  and  other  properties  it 
jrtieemhles  cophallji. 

Method  of  preparaiion.   The  method  used  by  Eriaodsen  for  its  prei>a- 
iUon  is  as  follows:  The  ox  heart  freed  from  fat,  blood  vessels,  cte.^  is 
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gi-ound  in  a  meat  grtutler  and  spread  on  glass  plates  before  a  fan  to  rlry. 
Il  loses  about  70  per  r-cnt.  of  its  weight  as  wairr  evaporates.  It  is  Uien 
ground  in  a  mill  and  dritd  in  vacuo  over  sulphuric  acid  at  40'.  (The 
author's  experience  is  that  it  is  better  not  to  use  sulphuric  acid  in  vacuo 
as  a  dryiuff  afrcnt  because  of  the  vapor  pressure  of  the  acid.  CaCL,  or 
AIjOb  are  not  open  to  this  objection.)  The  powdered  mass  is  then  ex- 
tracted with  ether,  1  liter  to  each  500  grains  of  powder,  at  room  tempera- 
ture, changing  daily  until  all  elher-soluble  material  is  extraetcd.  The 
extracts  are  evaporated  io  vacuo  to  a  syrup.  The  ether  extract  is  about 
7  per  cent,  of  the  drj'  powder.  This  extrayt  is  re-extracted  with  absolute 
etiicr,  and  allowed  to  stand.  A  white  sulistance  (probably  glycolipio, 
A.P.M.)  separates  out,  The  etJier  is  decanted  from  the  white  residue; 
precipitated  with  water-free  acctoue.  It  is  redissolvcd  in  ether  and 
rcprecipitated  several  times.  This  frees  the  ouoriu  from  fat  aud  choles- 
terol and  some  other  substances  such  as  the  white  substance.  It  is  now 
redLsKolved  in  elher  and  roprecipitnlod  by  four  volumes  of  cold  absolute 
aleoiiol  at  0'-2'  C.  The  precipitate,  wIul-Ii  is  crude  cuorlu,  is  extracted, 
witli  warm  absolute  alcohol;  the  cuorin  remains  insoluble.  Thus  pre- 
pared it  resembles  cephaliu,  a  ptiospholipiu  of  the  braiu.  It  is  a  yellow- 
ish brown,  transparent,  almost  odorless,  glassy  substance :  it  is  veiry 
bygi-oscopic  aud  becomes  stii^ky  and  finally  fluid  on  standing  in  the 
air.  It  melts,  undei^oing  decomposition.  It  contains  no  sulphur.  It 
is  oa.sily  soluble  in  ether,  chloroform,  carbon  bi-tulphidc  and  petroleum 
ether.  At  high  temperatures  it  is  soluble  in  glacial  acetic  acid,  acetie 
ester  and  amy!  alcohol,  and  precipitates  out  on  cooling.  It  Is  insoluble 
in  hot  and  cold  methyl  and  ethyl  alcohol  tuid  ai.'etone.  In  water  it  sinks 
at  once  to  the  bottom,  but  swells  and  ilnally  dissolves  to  a  turbid  emul- 
sion, which  reacts  neutral.  Tim  eiimlsiou  becomes  quite  clear  on  adding 
alkali.  Analysis  of  cuorin  gave  C.  G1.63  per  cent.;  II.  9.03  per  cent.; 
N,  1.015  per  cent.;  P,  4,46  per  cent;  O,  23.66  per  cent.  The  ratio  of 
P:N;  :2:1.  It  is  hence  a  mono-amino-dipliospliatide.  The  iodine  number 
is  101.  It  contains  throe  fatty  acid  groups  per  molecule  of  the  average 
composition  of  C,„IIg,0,.  Melting  point  47-48''.  Iodine  number  of  tlie 
acids,  130.1.  The  fatty  acids  contain  acids  of  the  linolic  and  linolinic 
groups,  and  are,  therefore,  doubly  or  trebly  uusaturatcd.  This  is  a  point 
of  much  interest  in  view  of  the  keen  metabolism  of  the  heart  tissue, 
(jlyecryl-phosphorii!  acid  was  isolulcd.  The  base  was  not  choline,  but 
an  unknown  base,  the  nature  of  wliich  has  not  been  determined.  Cuorin 
re«embl«s  cephalin  in  many  ways.  It  is  veiy  improbable  that  the  cuorin 
tliua  prepared  is  a  sinRle  substance  and  further  work,  using  the  meth- 
ods of  Thudichum  for  the  separation  of  the  cuorin  into  its  constitu- 
ent*, must  be  done.  There  are  other  phospholipins  in  the  heart  than 
cuorin. 
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Wo  sball  have  oci^asion  to  examine  tbo  composition  of  other  mombcrs 
of  the  phospholipins  in  the  chapter  on  the  bruin. 

Physical  properties  of  phospholipins. — Tin;  ptiysltfal  cliarai'ters  oF 
Lite  phosphoHpimt,  by  whatever  invtliod  they  are  prepared,  are  extremely 
intenflting.  They  an)  generally  light  yellow  to  brown,  waxy  or  salve- 
like  substances,  not  eryatallinc.  altliougli  some  have  been  crystallijcd. 
They  dry  ia  vacuo  over  a  drjing  agent  to  a  }iard  mass,  which  may  easily 
be  pulvorisod.  The  powder  so  obtained  is  generally  very  hygroecopie 
and  when  exposed  to  the  air  il  takes  up  quantities  of  water  and  turtis 
to  a  dark-brown,  thick,  semitluid  mass.  It  is  probably  partially  oxidised 
at  the  same  time,  and  it  is  chcntically  changed,  so  that  after  Thus  beeoni' 
ing  partialty  fluid  and  standing  some  time,  there  is  a  ehangc  in  solubility ; 
generally  the  solubility  in  ether  Is  diminished  and  that  in  water  increased. 
The  phospholipins,  unlike  the  fats,  form  permanent  emulsions,  or  colloidal 
solutions,  if  shaken  with  water  and  muuy  of  these  emulsions  are  unstable, 
beUig  easily  preeipitaled  by  various  common  salts.  One  of  their  most 
striking  peculiarities  is  that  if  rubbed  with  water  or  shaken  with  water, 
but  not  too  long,  and  then  examiuod  under  the  microscope,  they  will 
tio  seen  in  isolated  shreds  or  strings.  Water  enters  the  masses  of  phos- 
pholipin,  whieh  do  not  usually  take  a  sphcrioal  shape  but  often  the 
most  regular  and  striking  forms,  reminding  one  irresistibly  of  the  struc- 
ture of  cells.  Often  tliey  take  the  form  of  long  fibers  with  a  hollow  core 
and  highly  refractive  walls,  looking  min'h  like  a  medullalcd  nerve  fiber 
with  the  axis  cylinder  in  the  center ;  or  they  may  take  Forms  of  ilusks  with 
long  perfectly  regular,  whip-like  processes  looking  like  enlarged,  ex- 
ploded nettle  eells.  These  forms  are  called  myelin  forms  bfcause  of  the 
resemblance  they  bear  to  the  myelin  sheaths  of  nerves.  They  form  liquid 
crystals,  the  molecules  having  a  dotinite  orientation.  In  this  condition 
they  may  be  doubly  refracting.  Liquid  crystals  are  easily  deformed  by 
pre«sure  and  fuse  when  brought  into  contact.  A  mixture  of  ecphalin. 
amidolipin  and  cholesterol  is  particularly  apt  to  assume  these  forms. 
Phrenosiu  and  kera-sin,  two  glycol  ipins  of  the,  brain,  behave  similarly. 
The  power  of  making  these  myelin  forms  differs  in  different  phoflpho- 
lipins,  and  it  is  possible  that  the  presence  of  certain  impurities,  such  as 
cholesterol,  or  its  esters,  may  iuflueuco  the  process.  It  is  possible  that 
eells  owe  their  hygroscopic  eliaracler,  their  clear  refractive  appearance, 
their  organization  and  power  of  taking  deflnito  shapes  in  part  to  this 
phospbolipin  groundwork.  ludeed,  if  one  rubs  together  in  a  mortar 
Rome  phoapholipin  containing  chole.stcrol,  some  white  of  egg  and  »omc 
olive  oil,  there  is  obtained  a  mixture  of  substaneca  which  mimics  exactly 
the  physical  appearance  and  many  of  the  vital  staining  reactions  of 
protoplasm. 

Auto-oxidation. — Another  very  important  chemical  properly  of  the 
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phospholipins  is  that  they  undergo  auto-oxidation,  that  is  they  oxidize 
Bpontaneouflly  when  exposed  to  the  air.  The  fact  that  this  fundamental 
Bubatratum  of  living  matter  has  this  power  of  taking  up  oxygen,  of  bam- 
ing  itself  and,  possibly,  inducing  oxidation  in  substances  dissolved  in 
it,  although  this  possibility  has  not  yet  been  investigated,  is  of  the 
greatest  importance  for  the  theory  of  the  meclianism  of  respiration,  since 
all  protoplasm  has  also  this  power  of  reduction,  or  auto-oxidation.  This 
property  of  the  phospholipins  can  be  very  easily  observed,  as  it  is  accom- 
panied by  a  darkening  of  the  phosphatide  preparations  on  expcsure  to 
air,  and  a  change  in  their  solubilities.  The  phospholipin  from  the  heart, 
cuorin,  and  the  brain  cephalin  are  particularly  active  in  this  way,  but 
nearly  aU  phospholipins  show  something  of  this  same  property  of  taking 
up  oxygen,  Erlandsen  observed  the  following  increase  in  weight  in  some 
cuorin  left  in  a  desiccator  over  sulphuric  acid. 


Weight  or  cnorin 

December  29. 

D.3T06  gram. 

February  6. 

0.4039 

November  20, 

0.3949 

The  iodine  number  of  the  fresh  cuorin  was  about  101,  hut  after  standing 
in  the  desiccator  it  fell  to  22.33.  The  original  preparation  showed,  on 
analysis,  a  composition  of  C7,Hi,,..NPj02, ;  but  after  standing  these  num- 
bers changed  to  CtiHi^sNP^Oso.  At  the  same  time  the  substance  became 
insoluble  in  ether.  It  is  this  ease  of  oxidation  which  is  one  of  the  com- 
plicating circumstances  in  the  isolation  of  unchanged  cuorin  and 
cephalin. 

This  power  of  auto-oxidation  is  due,  in  large  measure  at  least,  to  the 
unsaturated  fatty  acids  in  these  phospholipins.  Thus  cuorin  and 
cephalin  have  acids  of  the  linolenic  acid  series  which  contain  three  pairs 
of  unsaturated  carbon  atoms,  CigHjoOa ;  and  nearly  all  the  phospholipins 
contain  some  oleic  or  other  unsaturated  acids.  They  may  possible  cMi- 
tain  also  unsaturated  groups  in  the  basic  constituents,  but  this,  while 
in  some  instances  probable,  is  not  yet  certain. 

It  is  very  suggestive  that  the  oxidized  phospholipin  has  a  much 
greater  affinity  for  water  than  the  unoxidized.  Possibly  this  process 
may  play  a  part  in  the  cell  mechanics,  since  most  movements  in  cells  are 
apparently  due  to  this  changing  affinity  for  water.  By  oxidation  the 
phospholipin  might  be  made  to  take  up  water,  by  reduction  to  lose  it. 

Other  functions  of  phospholipins. — ^Besides  their  fundamental  func- 
tion of  making,  with  the  sterols,  a  water-containing,  semifluid,  highly- 
reducing,  auto-oxidizablc,  serailipoid  crystalline  substratum,  which  con- 
tributes to  or  makes  possible  the  vital  phenomena,  the  phcKpholipins  are 
also  concerned  in  some  of  the  phenomena  of  immunity.  Flexner  and 
N<^ruchi  observed  that  the  hemolytic  action  of  cobra  venom  toward  car- 
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tain  red.  blood  corpuselcs  was  dependent  upon  the  presence  of  some  sab- 

(  Stance  in  tlio  scrum.    Kyos  found  tiiat  this  serum  substance  was  extruct- 
able  vitli  cold  ak-ohol  and  it  proved  to  be  a  phospholipin.   U«  then  shoinvl 
that  cobra  venom  united  with  l&cithin  ( ?)  to  form  a  subatanoo  which  ho 
called  a  locithide,  and  these  lecithides  were  extremely  hemolytic, — they 
disBoilTed  blood  eorpuscles  with  gre»t  power.     Lecithin  emulsions  have 
also  some  hemolytic;  jwwer  themsel  vcs.    The  pliosphatides  may,  theretore, 
Hbjr  uniting  with  toxins,  or  possibly  with  the  foods,  influence  Uie  power 
of  the  latter  to  unite  with  and  afTect  the  aetivily  of  protoplasm.    Either 
the  phospholipina  or  glycolipins  have  the  power  of  binding,  or  nniting 
■  vith  tctanua  toxin.    This  function  of  tJio  phospliolipinti  is  beinf:  inves- 
H  tigated  at  the  present  time.    The  phospholipina  appear  to  play  an  impor- 
H  tant  part  in  the  Wasscrman  reaction  for  syphilis. 

H         Mtthod  of  hydrolfftia  of  the  phoaphoUpitta. — ^Tbo  phoep1iolI[iIiis   (phospliatidn^ 

Bare  generally  d«coinpoiN>d  by  hmlinK  ±n  I'tnulsion  witb  barium  bvdratv  uni)«r  a 

V  eeoiAmaa  (or  sercral  hours.     By  tbla  method,  however,  the  fatty  iteiA*  or  Kispa  are 

generally  »  deep  brown  and  u>ntalD  acnue  nilrogeo,  a  partial  dncoitipoBtUon  of  the 

Imm  baviagoocurrivl.    Other  methods  asggetted  and  tried  have  been  by  using  a  methyl 

aloobol  wlutivn  of  bnrium  hydrotci  ar  by  iiupeniling  the  phospholiplii  in  water  and 

with   &%    IICI.     The   brtt  ami  rli>nne*t    method,  however,   for  nil   nlonhol 

lipids,  ia  t4  diMolrc  or  suipciid  them  in  nlwolule  aleohvl,  to  naturatc  the 

ion  with  dry  hydrochloric  a<-id  gns,  iitopper   the  Ssak  and  allow  it  to  stand 

lour    houra    at    room    ti'mpernturo.      Thou    boil    on    tho    wat^r    bath    for 

lOUrai    tuing    a    reHux    eon  den  Mt.     By    this    method     the     tatty    noitla    nro 

ed  wlUi  sloohol  a>  rapidly  an  they  are  set  free,  aud  they  remain  in  aolu- 

Tlie  inixtvre  ia  thva  evaporated  with  the  addition  of  water  on  the  nator 

bath:  the  nUfn  are  iRiiolubl«  in  WHt*r  nnd  may  b*  eiwily  •■■pnrnt<-i]  hy  filtration. 

In  the  add  nitrate  the  bane,  nftrn  choline,  whieh  Is  more  itable  as  the  aalt  than  the 

free  baae,  may  be  separated  hy   pn.xipitAticn  with  plaUnuia  chloride  leaving  the 

glyceiol  and  phoaphoric  acid  in  solution. 

A  naaful  mvthod  of  determining  the  charactvr  of  the  phuepWIipia  is  that  of 
Hvnug  and  Mwpir  an  dcvrlDpnci  hy  Kosti-r  in  Uie  writer's  la.boratory.  It  con- 
■lata  In  beating  the  phoerphotipin  ^th  hydriodic  arid  and  ntnmoniiitn  iodide  and  eol- 
leoUng  the  Isopropyl  and  methyl  lodldoa  in  silver  nitriit«  and  weighing  the  silver 
iodide.  The  iaopropyl  iodide  coma*  ov«r  at  112-120*  and  represents  the  amount  of 
glycerol  prcaent.  Two  mtthyl  groups  com«  from.  tli«  choline,  and  poaaibly  thren,  at 
240^10*.  aa  methyl  iodido.  from  the  silver  iodide  oollectad  at  th<ae  two  tvmpera- 
turta  an  idea  may  be  had  of  tho  amount  of  glj-CMil  and  ehoUne  present,  nnd  the 
pbosplMlipIn  partially  Identified.  Crphalin  cnntjiinn  gljYeroI  about  10%,  but  no  baas 
yielding  methyl  iodide,  f.*.,  neither  ncurta«  nor  choline. 

Other  phospholipina. — Among  Ihe  other  phogplLoHpins  a  few  may 

[be  meationed  at  this  place,  namely,  heart  lecithin,  carnanbon.  jecorin, 

tglncoae  lecithin,  ccphalin  and  sphiugomycliu.     The  laet  two  are  found 

in  brain,  tlte  first  in  the  ox  heart,  carnanbon  in  the  kidney  aud  the  other 

two  in  the  lirer.    They  will  be  taken  tip  moro  in  dulail  under  the  chemical 

compoaition  of  the  organs  in  which  they  occur,  and  at  tliis  place  we 
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win  give  only  a  siiramary  of  tliftir  «'ompoRition  to  give  fsomfi  idea  of  the 
coiii|>ofiitton  of  llio  group.  Kspet'ial  alli>iition  is  called  to  the  fact  that 
mauy  of  Hie  members  of  tho  group,  like  jecorin,  contain  a  carboliydrate 
raJifle  io  the  molecule.  It  is  found  that  those  which  contain  such  a 
gixiup  are  more  soluble  in  water  than  the  rest,  and  they  are  less  soluble 
ill  ether.  Some  of  iJiem  are  iiuite  insoluble  in  absolute  ether,  bat  wilt 
disaolvc  in  ether  conJainiiig  wnlor.  Tlii^.v  ore  also  more  hygroscopic  than 
ogB  lecithin.  Their  chemical  nalnrc  is  still  quite  obscure.  Such  carbo- 
hydrate-containing phospholipins  have  bcc-u  found  not  only  in  the  liven 
of  many  auiumis,  but  also  in  tlio  egg  eolk  of  K(_>hinodorius.  and  they  are 
probably  widespread  in  I  ho  animal  and  plant  kingdom.  Several  have 
been  isolated  from  plant*.    Their  graup  name  is  glyco-phospholipina. 

The  character  of  the  base  in  llie  plicwpholijiiii-s  is  proliahlv  very  vari- 
able. Ainiuo-eltiyl  ulrohol,  or  oxyctliyl  amine-  wan  isciUit.rd  by  Thudi- 
rhum  from  ccphalin,  and  it  han  sini*e  been  found  in  many  phosphotipina. 
Serine  and  oxyamino-hutyric  acid  woro  isolated  by  MaeArlhur  from  o 
cophaJin  mixture.  VidJn,  GsHjnNjOj.  was  obtained  from  a  phospholipin 
in  Lupiuus  albus.  Many  other  nitrogenous  bases  probably  occur  in  the 
difTerent  phospholipins  and  tho  invent  igntimi  of  iJicse  bodio«  is  one  of  the 
most  promising  fields  of  physiological  chemistry. 

Glycol ipins-^Tlie  glycoliplns,  or  eorebrosldes,  arc  phosphorus- free 
lipins  which  coiitnio  a  corhohydratc  and  fatty  acids.  Pbrmosin.  kcraain 
and  cerebron  are  typical  mcmbere  of  Iho  group.  Plircnosin  is  a  white, 
crystalline  tipin  found  in  tJie  medulla  of  the  fibers  of  the  vertebrate 
nervous  system.  It  occurs  in  considerable  quantities  in  the  brain  after 
medullation  has  begun.  The  properties  of  this  Ruhstaueo  or  group  of 
substances  are  described  in  the  chapter  on  the  brain.  The  glywoliplns  on 
hydrolysi-s  yield  a  sugar,  which  is  often  gaiaclo'se,  various  fatty  aeids 
and  a  nitrogen-containing  alcohol.  The  molecular  weight  is  undcter* 
mined.  While  these  bodies  have  been  found  in  the  brain,  it  is  prob- 
able that  they  are  not  confined  to  that  tissue,  since  phoxpholipins 
containing  a  sugar,  arc  widespi-ead.  It  is  not  impossible  that  these  may 
be  compounds  or  mixtures  of  a  glycolipin  with  a  phospholipin. 

Localisation  of  the  phospholipins  in.  the  cell. — Tho  proportion  of 
phospholipin  in  the  sperm  is  high  nnd  it  is  found  ehiefly,  or  altogether, 
in  the  tails.  The  nuelear  heads  appear  to  be  almost,  or  quite,  free  of 
aleohol-ether  soluble  materials.  The  heads  and  tails  of  the  herring  sperm 
were  examined,  the  heads  being  separated  by  suspension  of  the  sperm 
in  water  and  centrifugalization.  The  heads  being  heavier  are  thrown 
off  from  the  tail*.  Thi.s  obsorvation  would  indicate  Ihat  llie  nucleus  of 
tho  ripe  sperm  had  little  or  no  lipiu  material  in  it.  The  conclusion  that 
tho  lipins  are,  for  the  most  part,  in  the  cytoplasm  is  confirmed,  also, 
by  examination  of  the  rod  blood  corpuscles.    Atammnlian  erythrocjies 
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have  no  naclei,  and  yet  tboy  contain  phospliolipius  and  stcrolti.  The 
localkatioQ  oC  the  phosphotipin  in  tho  cell  may  also  bo  studied  by  the 
MM&  of  HtatQJng  n'agoots.  Tbo  phospkolipiiis  are  aeid&  or  salts  of  acids. 
Tliei-o  in  a  fruo  uoid  liydi-osyl  iu  the  phOBplioriu  avid,  if  Uio  ordinary 
formula  is  correct.  Tlie  pliospholiplnii  are  generally  present  iu  eeUs  as 
salts,  the  hydroxyl  being  occupied  by  sodium,  potassium,  calcium,  am- 
mODium  or  organic  bawcs.  IJeing  sallA  tJiey  have  tJio  power  of  forming 
salts  with  itie  basic  dyes.  They  do  this  and  tliey  stain  intraTitam  by 
means  of  the  basic  dyes.  If  an  emulsion  is  made  of  lecithin,  or  other 
phosphatide,  egg  albumin  and  olive  oil,  it  will  be  found  that  the  granules 
«f  lecithin  or  pliosphoHpin  take  up  neutral  red,  or  other  basic  dye, 
most  easily  end  l  lie  grauutes  stain  a  deep  red.  It  does  not  do  to  conclude 
that  all  the  granules  of  cells  which  slain  red  io  neutral  red  are  phos- 
pholtpin,  because  other  colloids  of  an  electro-oegattve,  or  anionic,  char- 
acter will  stain  in  the  same  way,  but  certainly  some  of  the  Sue  granules 
in  cells  took  very  much  like  lecithin;  they  stain  in  tlie  same  way  and 
they  are  soluble  in  ether.  Furthermore,  the  density  oC  lecithin  is  greater 
that  that  of  water,  so  that  if  cells  are  ceutrifugatized  we  ahould  expect 
these  grannies  to  go  to  the  base  of  the  cell  und  the  oil  to  come  to  the  part 
of  the  coll  nearest  the  axis  of  the  centrifuge  whore  the  centrifugal  force 
is  least.  It  is  found  that  the^e  small  granules  wliicli  have  the  staining 
reaotiou  and  appearance  and  solubility  of  lecithin  also  behave  the  same 
way  Id  the  centrifuge.  It  is  probable,  therefore,  that  tlie  phospholipin 
is  distributed  all  through  the  cytoplasm;  and  that,  in  egg  cells,  in  which 
tiiere  is  a  storage  of  lecithin  or  other  phospholipin  as  reserve  food,  the 
tipin  occurs  also  as  granules  in  the  cytoplasm.  Many  believe  that  the 
surface  of  the  cell  has  a  character  more  particularly  lipoid  or  lipin  in 
character  than  the  interior.  They  consider  the  blood  corpuscles  to  be 
essentially  but  bags  of  lipin  and  sterol  filled  with  hemoglobin,  and  they 
attribute  the  ease  of  penetration  of  ether,  alcohol  and  other  substances 
into  cells  to  their  solubility  in  this  membrane.  In  the  autlior's  ox>iuion 
there  is  no  satisfactory  cvidcucc  as  yet  of  the  existence  of  any  sucli 
particiUariy  tipiu-like  oulcr  membrane  and  experimeuls  indicate  that 
tho  lipin  character  o£  the  cytoplasm  extends  throughout  it.  The 
CDlrancc  of  basic  dyes  con  as  easily  be  cxplainod  by  their  power  of  union 
with  )>rolcin  as  by  their  power  of  union  witli  phospholipin.  Kite's  work 
shows  that  tho  pormeabUity  of  llie  cell  is  llio  same  all  the  way  through. 
From  this  it  follon's  that  if  tlie  entrance  of  substances  into  cells 
depends  upon  llie  presence  of  lipoids  iu  the  membrane.  Ihesf* 
some  lipoids  must  occur  all  throug'h  Ihc  cell.  There  arc,  also,  far  too 
largo  (luantitios  of  lipins  in  cells  to  be  confined  to  a  surface  layer  oF 
molecular  thlchncss,  Pliospholipins  arc  found,  also,  in  many  secre- 
tions, sutih  as  that  of  the  stomach  glands,  milk,  pancreatic  secretion, 
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etc.  It  is  not  impMsible  that  many  of  the  ^anules  called  zymogen 
granules  in  cells  which  stain  readily  in  neutral  red  may  owe  this  prop- 
erty to  the  fact  that  they  contain  phospholipins.  The  mito-chondria  are 
probably  in  part  phospholipin. 
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CHAPTER  IV. 

THE  PROTEINS. 

Occurrence. — If  living  matter  of  any  kind,  whether  plant  or  animal, 
be  extracted  with  alcohol  and  ether  to  remove  the  fats  and  lipins,  the 
greater  part  of  the  organic  matter  remains  behind  as  a  white  amorphous 
mass.  If  this  mass  be  rapidly  extracted  with  water,  or  dilate  alcohol, 
various  salts  (chlorides,  phosphates,  carbonates)  and  a  small  amount  of 
organic  matter,  called  extractives,  are  removed,  together  with  a  little 
of  an  acid,  nucleic  acid.  There  remains  the  greater  part  of  the  organie 
matter  insoluble.  If  this  organic  matter  be  analyzed  it  is  found  to 
contain  nitrogen.  It  consists  in  most  instances  of  about  52  per  cent 
of  carbon;  7  per  cent,  hydrogen;  15  per  cent,  nitrogen;  1-2  per  cent, 
of  sulphur ;  0.2-3  per  cent,  of  phosphorus ;  and  23  per  cent,  of  oxygen. 
This  organic,  nitrogenous,  amorphous  matter  since  it  makes  by  far  the 
greater  portion  of  the  organic  substance  of  living  matter  proper, 
exclusive  of  cell  walls,  is  called  protein,'^  a  word  meaning  "  of  the  first 
importance. ' '  Protein  substances  are  found,  like  the  fats  and  carbohy- 
drates, nowhere  else  in  nature  than  in  living  matter,  or  as  the  producta 
of  the  action  of  living  matter.  In  plants  more  or  less  carbohydrate  is 
associated  with  the  protein;  but  in  animals  by  far  the  greater  part  of 
the  tissue  solids  are  generally  protein. 

The  proteins,  therefore,  very  eai'ly  attracted  the  attention  of  investi- 
gators, whetlier  biologists  or  chemists,  and  the  opinion  has  from  the 
first  been  held  that  they  must  play  a  predominant  role  in  the  production 
of  tlie  vital  phenomena.  Probably  the  fact  that  the  composition  of  the 
fats  and  carbohydrates  was  relatively  simple,  was  easily  understood  and 
early  made  out,  in  its  general  features  at  any  rate,  whereas  the  proteins 
were  apparently  more  complex  and  have  until  recently  kept  the  mys- 
tery of  their  composition  inviolate,  strengthened  this  view.  Some  have 
even  gone  so  far  as  to  suppose  that  Oie  protein  in  living  matter  is  alive 
and  endowed  with  properties  other  than  ordinary  chemical  and  physical 
properties.  Whether  the  protein,  which  we  are  able  to  separate  from 
cells  for  analysis,  has  tlie  same  composition  it  had  while  in  living  matter 
is  a  question  which  is  unanswerable,  as  long  as  we  know  nothii^f  of  its 

'  The  nnmo  protein,  from  the  Greek  -purim'.  p  re-em  hi  en  Re,  n-as  given  by 
MuUcr,  Am.  Ckcm.  I'hnrm.  LXI,  p.  121.  The  word  proteid  haa  now  been  dropped 
and  protein  substituted  for  it. 
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composition  while  ia  the  living  mixture.    But  while  the  alatcmeot  is 
often  categorically  made  Uiat  thv  materials  which  we  examine  cliemiually 
are  dead  materials,  and  therefore  iut^apable  of  tiirowing  light  on  the 
coiupoeition  of  living  matter,  it  must  be  romooibered  that  it  u  the  part 
|o/  those  who  asEicrt  that  they  differ  to  show  tJiat  this  is  the  case.    And 
ihts  at  present  i^anuot  be  done.    While,  therefore,  it  is  conceivable,  and 
ill  itself  not  unlikely,  that  the  prolein  may  etmtain,  while  it  is  in  the 
living  mixture,  anstabte  gi-oups,  i.e.,  aldehyde  or  nitrlle  groups,  which  are 
made  stable  in  the  process  of  extraction,  no  ooe  has  as  yet  proved  this 
to  be  the  case;  nor,  indeed,  has  any  strong  evidence  been  produced  show- 
ting  it  to  be  the  case.     While  some  speak  of  living,  as  distinct  from 
{.lifeless  protein,  no  one  can  as  yet  point  to  any  single  clieiuicd  properly 
found  in  living  and  not  found  in  dead  protein;  although  tiie  difFcrenees 
['between  living  njatter  and  dead  protein  are  profound.     Whatever  the 
[truth  may  prove  to  be  we  must,  at  any  ratu,  attack  the  dead  protein, 
that  is  protein  separated  from  non-protpin  substances,  for  following  this 
[path  has  already  Led  to  many  brilliant  and  fortunate  discoveries.    These 
discoveries  have  revolutionised  tlie  science  of  nutrition  and  have  reacted 
iDu  all  branches  of  biological  science,  from  botany  aud  auUiropology  to 
the  diagnosis  aud  treatment  of  disease.    Let  us  see,  therefore,  what  sub- 
stances have  been  isolated  from  this  amorphous,  colorless  mixture  of 
protein  bodies  constituting  so  essential  a  pint  of  the  framework  of  living 
.matter;  and  what  properties  the  substancc-s  so  isolutetl  possess. 

Methods  of  extraction. — The  separation  and  exact  analysis  of  these 
'protein  bodies  is  not  yet  complete.  It  was  necesi^ary  to  devise  methods 
[for  the  separation  of  the  various  proteins,  for  in  any  one  cell  there  is  a 
I  mixture  of  such  bodies ;  aud  tlie  elucidation  of  tJie  structure  of  tlie  mole- 
icules  was  most  difiScult,  owing  to  tlieir  complexity  aud  iustalUity.  It 
[vas  found  that  the  solubilitii-s  and  some  other  properties  of  the  proteins 
'Were  easily  modified  by  apids  and  alkalies,  by  heat,  by  alcohol,  by  some 
ituetal  salts  aud  by  many  enzj-mes  and  oxidizing  agents.  Subjected  to 
[the  action  of  any  of  tbese  agencies  many  proteins  change  their  nature, 
[as  is  evident  from  their  chniigc  in  solubility;  thny  are  said  to  be  de7ta- 
tlurized.  Proteins  so  modilied  are  called  derived  proletTis.  For  the  sepa- 
Iralion  from  the  cell  of  natural,  or  unniodified,  prolein  it  was  found  nec- 
r,  in  most  instances,  to  dissolve  them  out  with  water,  with  neutral 
Dlntions  of  sodium  chloride,  or  Ihe  Kulphafes  nf  the  alkali  metaln,  and 
|to  avoid  alkaline  or  acid  reactions,  high  temperatures  or  alcohols. 

It  is  very  diffieult  indped  to  gnt  from  living  matter  itself  individual. 

pure  proteins.    The  living  matter  is  such  a  mixtnre  of  different  kinds 

[of  proteins  that  it  is  only  occasionally  that  a  form  of  protoplasm  is 

[obtained  which  <.-onslsta  largely,  or  exclusively,  of  n  single  prolein.    One 

lie  vtry  few  ojwcs  in  which  probably  pure  individual  proteins  have 
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been  separated  from  a  living  animal  colt  is  the  protaiuiuc  wblch  may ' 
geparated  from  the  head  of  the  Jish  sperm.  The  spcrmaloztwu  is  a  ver/ 
bigbly  differeatiaUMi  cell,  the  bead  being  composed  of  pur«  nuclear  mat- 
ter of  the  simplest  kind  knowu.  Moreover  the  protoin  iu  tliu  head  is  of 
a  very  peculiar  kiud,  beiug  very  sLruugly  basic  imd  soluble  in  KLrotig  or 
dilute  acids,  so  that  its  scparatiou  from  other  protoins  is  not  difficult, 
and  there  is  a]>pareuUy  in  some  sporm  but  one  prot«in  prcecot.  Else- 
where iu  Liic  QuiuiiLl  kingdom  one  c&a  at  times,  owing  to  llie  pevuliar 
natui'e  of  the  protoin,  secure  proteins  wiiidi  ana  ]>robably  pure  substajices. 
Hemoglobin,  tho  rvd  protein  of  Ihc  bloml,  i:r>'Kl»lli/.eH  very  easily  in 
characteristic  crystals,  no  that  this  protvin  is  probably  pure.  In  the 
Qgg  colls  of  selachians  crystalline  substances  exist  which  are  probably 
proteins.  Iu  animals  it  is  only  in  special  colls  siieb  as  the  cells  of  the  thy- 
roid  gland  (colloid  mutter)  or  the  egg  tolls,  ajid  iu  very  few  of  these,  Uiat 
a  storage  of  a  particular  kind  of  reserve  protein  exists,  so  that  this  one 
kind  of  protein  is  in  such  excess  that  it  may  be  separated  from  the 
others.  ]n  general,  animals  do  uot  store  proteins,  as  they  do  carbohy- 
drates and  fats,  except  in  the  form  of  living  matter.  The  condition  is 
different  in  plants  and  it  is  from  plants  that  crystalline  proteins  which 
are  probably  pure  individuals  mny  be  most  easily  had  for  analysis.  In 
seeds  and  nuts  there  Is  a  large  amount  of  reserve  or  stored  protein.  Many 
of  these  proteins  arc  of  a  crystalline  form  in  the  seeds  or  nuts.  Moreover 
the  living  protoplasm  in  these  structures  is  reduced  to  a  minimum.  It  ia 
found  chieHy  in  the  embryo,  which  in  some  cases,  as  in  wheat,  may  be 
wparaled  by  milling  processes  fi-om  the  rest  of  the  grain;  and  in  any 
case,  it  is  generally  present  iu  very  small  aniouuL  eonipared  to  the  large 
amount  of  reserve  protein  present.  There  is  anotlier  feature  of  these 
plaut  reserve  proteins,  be-sidfs  Uieir  pi-eaence  in  large  amounts  and  their 
case  of  crystallization,  which  makes  them  of  particular  value  for  the 
study  of  the  nature  of  the  proleius.  They  are  very  stable  proteins  and 
do  uot  easily  change  their  condition  ^  or  they  do  not  change  their  condi- 
tion and  solubility  so  easily  as  the  protein  in  living  matter,  in  the 
protoplast  proper.  In  order  that  substances  may  ac-cumulatc  in  cdls 
they  must  be  rather  resistant ;  the  reactive  substances  are  short-lived. 
This  is  a  general  rule  for  all  the  substances  of  the  cells.  Thus  the  fat 
which  is  laid  down  as  itiscrvc  fat  is  generally  stable  saturated  fat;  in 
the  carhohydrales  it  is  the  stable  polysaccharides  or  Utc  most  stable 
disacclmridw,  cane  sugar,  which  a.L-cumuhite  as  a  reserve.  The  same  thing 
is  true  for  the  phospholipins.  The  phospholipin  stored  as  a  rcscrvo 
in  the  egg  cell  is  the  most  stable  form,  lecithin.  The  phospholipins 
isolated  from  active  living  matter  arc  very  unstable  witli  highly  unsatu- 
rated acids  in  them.  This  same  rule  is  true  for  the  proteins  and  in  seeds 
and  nuts  the  large  amount  of  reserve  protoin  present  is  unusually  stable 
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and  80  bost  odaptod  to  withstand  tlio  cmde  manipulatioD  of  the  diomist. 
Tbc  stable  proteins  used  by  onimaU  for  supporting  tissues,  sacli  aa 
lioru  or  elastin,  are  extremelj"  insoluble.  A  verj-  easily  urystaltizable 
subatauce  obtained  from  uxits  is  the  protein,  excelsin,  of  tlie  brazil  nut. 
This  ocuurs  etystalline  in  the  uut  itself.  Another  crystalline  reserve 
proLciu  is  cdcstiii,  ffiiicb  occurs  iu  htunp  seed.  And  there  are  many 
others.  Th(;so  proteins  may  bu  obtamed  er>-stalline  by  the  simple  expedi- 
ent of  dissolving  them  out  of  the  seeds  or  nuts  with  10  per  cent,  sodium 
chloride  and  di8)y::tD(;  the  salt  out  of  the  solution.  The  protein  will 
crystalliiu!  iu  the  dialyiiiug  tube.  The  iuvcstigatiou  of  these  plant  pro- 
tttius  is  largely  tiie  work  of  the  American  chemist,  Osborne,  who  has  tlius 
carried  forward  the  work  well  bvgun  mauj*  yenn  ago  by  the  German 
inTOsitigalor,  KiUhaustu. 

The  separation  of  proteins  from  plant  seeds  and  nuts  is  generally 
best  made  by  extracting  the  ground  nuts,  or  seeds,  with  distilled  water, 
Or  by  10  per  cent,  sodium  chloride  j  or  75  per  cent  alcohol.  A  few 
proteins  exist  in  some  plant  seeds  which  are  insoluble  either  in  water 
or  absolute  alcoliol,  but  which  are  soluble  m  dilute  alcohol.  Qliadiu  of 
wheat  and  zein  of  com  are  examples  of  snvh  proteins.  The  separation 
of  the  mixture  of  the  proteins  obrjiined  by  extrni^lion  with  salt  solution 
is  best  made  either  by  dialysis,  which  will  precipitate  some  of  them  and 
dialyse  away  impurities;  or  by  precipitating  them  by  saturating  their 
eolutiona  with  ammonium  sulphate  which  precipitates  all  the  proteins. 
The  rcdissolved  precipitate  may  bo  separated  by  fractional  precipitation 
with  ommonitim  sulphate,  the  globulins,  being  less  soluble  than  the  albu- 
mins in  ammonium  sulphate,  arc  precipitated  by  half  saturntion.  Since 
acids  change  the  plant  prol»?ins  very  easily,  loth  by  their  own  action 
and  by  their  power  of  setting  free  digestive  enzymes  which  are  present 
iu  all  forms  of  living  matter,  it  is  often  wise  to  add  just  enough  dilute 
barium  hydrate  to  keep  the  reaction  neutral  to  phenol  phthalein  daring 
the  extraction. 

'N\^lo  many  of  the  proteins  are  thus  extracted  with  neutral  salt  solu- 
tions or  water,  there  generally  remains  a  residue  which  can  only  bo  dis- 
solved by  the  use  of  alkali,  which  may  and  probably  does  alter  the  com- 
position of  the  protein.  In  the  cereals,  for  example,  water  or  neutral  salt 
solution  dissolves  very  little  of  Iho  protein. 

The  extraction  of  the  proteins  from  animal  tissues  Ik  a  very  much 
more  difBcult  matter  than  from  vegetable.  In  the  jirst  place  the  animal 
cflls  bare  more  reactive  protein  in  Ihem  and  gonerally  there  are  present 
powerful  digestive  enzymes,  the  so-called  autolytic  (inzj-mcs.  which  are 
apt  in  a  prolonged  extraction  to  change,  more  or  less,  the  protein  of 
the  cell.  These  enzymes  are  easily  checked  by  the  maintenance  of  a 
neutral  or  faintly  alkaline  reaction.    Extraction  always  removes,  also, 
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some  of  the  pliospholipins  willi  iJio  proteUis  ami  llie  separation  of  these 
Croiu  the  proteins  wilhuut  coagulation  of  the  latlcr  is  very  difliciUt,  aud 
it  is  doubtful  if  it  is  otUiu  possible  The  methods  of  extraction  employed 
differ  so  widely  iu  differunt  tissues  tJiut  it  is  hard  to  make  any  general 
Btatcments.  It  i»  sometimes  advisable  to  ci^troct  the  grroimd  or  fincly-eut 
tissue  directly  with  10  per  cent,  sodium  chloride  solution  so  as  (o  bring 
evQiythiug  possible  into  solution;  aud  sometimes  it  ia  bettor  to  dry  tJic 
tissue  aud  after  removing  the  lipiu  by  some  method  whieh  does  not 
coagulate  the  protein,  to  extract  then  with  salt  Kotutien  and  fraction 
tlio  extract.  3n  a  few  cusoh  tlic  ]>rotciiis  can  only  be  si-[iaral«d  by  the 
use  of  alkali,  as  in  iJie  mu'lco-protcius;  and  in  other  easu-s,  when  strongly 
basic  proteins  arc  present,  acids  must  bo  used  (protamines  and 
histoucs). 

Probably  the  best  general  method  for  obtaining  proteins  in  a  least 
modiGed  form  from  animal  tissues  ia  the  following:  The  organ  or  tissue, 
of  which  it  is  desired  to  examine  the  proteins,  is  frozen  while  slill  living. 
It  can  be  frozen  either  by  liquid  carbon  dioxide  or  licjuid  air  or  by  any 
other  method  which  chills  it  at  once  to  a  very  low  temperature  so  tlial 
nil  chemical  change  is  at  once  inhibited  and  the  development  of  an  acid 
reaction  prevented.  It  is  tlien  quickly  shaved  into  a  snow  in  a  Kossel 
knife  machine,  which  Is  a  larffo  microtome,  the  snow  being  kept  below 
tho  {roe2!Dg  point.  The  cooled  snowy  mass  of  the  organ  is  placed  in 
vacuum  desiooators  over  some  good  drying  agent.  Aluminum  oxide  is 
one  of  the  best,  but  any  otJier  nonvolatile,  water-abLiorbiiig  medium  may 
be  used ;  and  the  desiccator  is  evacuated  to  a  very  high  vacuum,  .01-.001 
mm.  of  Ifg.,  by  a  good  air  pump.  In  the  vacuum  all  conduction  of  heat 
is  prevented  and  tlie  organ  dricfi  while  still  frozen.  When  thoroughly 
diy  the  ground  mass  is  fairly  stable.  It  may  now  be  extracted  by  a  good, 
drj'  petroleum  ether.  It  is  better  to  use  petroleum  ether  rather  than 
other  for  this  purpose,  since  this  consists  chiefly  of  the  light,  saturated 
hydrocarbuns  like  peutaue  and  these  are  less  reactive  than  etiier  aud  tbe 
chlorine  substitution  products  of  the  hydrocarbous  such  as  chloroform, 
which  are  apt  1^  contain  impurities  and  reactive  decomposition  products. 
By  tliis  extraction  nearly  all  the  pliasphotipins,  cholesterol  and  fat  are 
taken  out.  Tho  last  portions  of  phosphatides  can  b«  remov«d  only  by 
repeated  boilings  with  absolute  alcohol,  a  process  which  coagulates  the 
prctein  aud  hence  cannot  be  used  if  it  is  dcsirod  to  keep  tbe  proteins 
soluble.  After  the  extraction  with  petroleum  ctlier  the  protein  residue 
is  dried  at  room  Itimpernture  and  then  finally  ground  in  a  good  mill. 
It  is  best  now  to  sieve  it  through  a.  fine  wire  sieve  to  remove  fibers 
of  connective  tissue,  blood  vessels,  etc.,  if  an  animal  organ  has  been 
osed.  By  this  sifting  process  the  sample  is  made  as  homogeneous  ai 
possible. 
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Tlie  CuKlier  trcalmcut  of  tlie  sample  will  depend  ou  what  substaucea 
ar«  desired.  One  mctliod,  however,  is  to  extract  those  proteins  which 
are  soluble  iu  dilute,  10  per  cent,  sodiuia  chloride.  A  considerable  part 
of  the  proteins  of  mauy  organs  go  iiito  solution  by  this  process,  but  gen- 
erally much  i^maius  undissolved.  This  mixture  uay  be  separated  tttto 
several  fraettoiis,  for  e\aiople,  by  half  .satm-atiiig  it  with  auimonium 
BuIjtbaU.',  or  by  haturaliug  it  irilh  magnuKium  Hulphute,  a  portion  of  the 

IproltiiiiK  known  aa  globulins  are  thrown  out  and  may  W  removed  by  fil- 
tration, rcdissolved  in  weak  salt  solution  and  rcprftcipitated.    In  some 
Buoh  way  as  this,  the  oxaet  method  which  it  Je  best  to  follow  varying 
with  the  (litTcrent  organs,  the  various  proteins  making  up  the  protein 
nstdue  of  cells  may  be  oxsinined.    It  may  be  said  that  iu  all  ccUs  thus 
for  examined,  a  number  of  (lifTtirmit  twdies  may  thuH  be  iito1ate«l  from 
each  kitul  of  living  matter  and  the  character  of  the  proteins  thus  iflo- 
Hiatcd  ia  peculiar  to  the  kind  of  rclbi  from  vrhidi  they  an:  ohtaincd. 
Hrhus  one  6nda  difFrrt-nt  proteins  in   l}i<^  livrr  and  spliM^n,  or  in   the 
Blivera  of  different  species  of  animals.    The  protein  mass  of  any  one 
cell  is,  therefore,  mado  up  of  a  group  of  bodies,  which  may  be  sepa- 
rated one  from  another  by  their  solubiliiios  in  water,  salt  or  dilute 
Kalcobol. 

H       Composition. — If  a  little  of  this  protein  mass  after  extraction  with 

Halcoliol  and  ether  be  mixed  with  stxhi  lime  in  u  ilry  leiit-tubc  and  heated. 

Bit  will  be  found  to  yield  ammonia,  which  wo  may  detect  by  its  odor.    By 

Bthis  rcaelion  it  is  found  Ihiit  Ihr  protciiiK  contain  nitrogen.     If  some  be 

Hbeated  by  itself  it  chars  to  a  blaek  moss,  showing  that  it  contains  carbon 

Hand  is  or^nie.    If  the  eombtistion  is  carried  out  iu  a  dry  tube,  moisture 

wiil  condense  on  the  walla  of  the  test-tube,  showing  that  the  protein 

contains  hydrogen;  if  some  of  the  mass  is  fused  with  sodium  carbonate 

or  hydrate,  or  even  suspended  in  dilute  sodium  hydrate  and  thoroughly 

I  boiled,  and  to  the  solution  lead  acetate  ia  added,  it  will  be  found  that  a 
black  prceipitalc  of  lead  milphidc  will  be  formed,  proving  that  the  pro- 
Icins  contain  uno-itdized  niilphur;  and.  finally,  if  another  portion  bo 
fused  with  »odium  carbonate  and  potassium  nitrate,  the  fusion  mass 
dissolved  in  nitric  acid,  and  ammonium  molybdate  added  and  warmed, 
a  yellow  precipitate  of  phoaphomolybdie  acid  proves  the  presence  of 
phosphorus. 

A  quantitative  estimation  of  the  amounts  of  the  elements  in  different 

roteins  has  shown  some  variation,  but  the  typical  protein  substances 

contain,  of  carbon  about  50  per  cent. ;  nitrogen,  16  per  cent. ;  hydr«^on, 

7  per  cent.;  oxygen,  22  per  cent.;  sulphur.  0-3  per  cent.;  phoHphoriis, 

0-4  per  cent. 
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CouFosmon  or  Vabious  Plant  asd  Aitimai.  Pbotqnb. 

C        H  N         S         O 

Ajnandin,   almond    S1.30  6.90  18.90  0.43  22.47 

COrylin,    hazel-nut    60.72  6.86  10.03  0.83  22.56 

Excelsin,    Brazil-nut    52.23  8.D5  18.26  1.09  21.47 

Edeatin,  hemp-Beed  51.38  7.01  18.65  0.88  22.10 

Globulin,    ootton-aeed     61.71  6.83  18.30  0.62  22.61 

Vignin,   cow-pea    62.64  6.05  17.25  0.42  22.74 

Glycinin,   M^-bean    52.01  6.89  17.47  0.71  22.92 

Legumin,  lentil,  Tetch   61.72  6.95  18.04  0.39  22.90 

Phaeeolin,    kidney-bean     62.67  6.B7  15.84  0.33  24.29 

Conglutin,  blue  lupine    51.13  6.86  18.11  0.32  23.10 

Vieilin,    lentil    62.29  7.03  17.11  0.17  23.40 

Legumelin,   lentil    63.31  6.71  16.08  0.97  22.93 

Gliadin,    wheat,    rye    62.72  6.86  17.66  1.03  21.73 

Glutenin,   wheat    52.!i4  6.83  17,49  1.08  22.26 

Globulin,   wheat    61.03  6,85  18.30  0.69  23.13 

Hordein,    barl^    64.29  6.80  17.20  0.85  20.86 

Animal  proteins: 

Collagen     50.75  6.47  17.86  Hoffmeiater 

Gelatin     {commercial)     49.38  6.80  17.97  0.7  25.13       Chittenden 

Gelatin,  ligaments    50.40  6.71  17.90  0.57  24.33       Richards  and  Gie« 

Elastin,  yellow  elastic  53.95  7.03  16.67  0.38  21.97       Schwarz 

Mucin,   submaxillary    48.84  6.80  12.32  0.84  31.20       Hammarsten 

Mucoid,  tendon   48.76  6.B3  11.75  2.33  30.03       Hammarsten 

Serum  globulin    52.71  7.01  15.85  1.11  23.32      Cliittenden  andQiea 

Serum  albumin    53.08  7.10  15.93  1.00  21.06       Michel 

Fibrin 52.08  6.83  16.91  1.10  22.48       Hammarsten 

Hemoglobin,  ox    54.66  7.25  1 7.70  0.45  19.54       Fe  =  0.4  Hafner 

Casein,  cow    53.00  7.00  15.70  0.8  22.65       P  =  0.85 

Nuoleo-Mstone,  thymus    43.69  5.60  16.87  0.47  P  =  5.23 

Nuoleo-protaminc,  herring 41.20  5.75  21.06  0.00  25.00       P  =  6.07 

Clupein,  herring   47.93  7.59  31.68  0.00  12.78 

The  composition  of  the  plant  proteins  of  this  table  have  been  taken  from 
Osborne's  work  on  the  plant  proteins. 

Properties. — A  further  study  of  these  substances  shows  that  they 
form  colloidal  solutions.  If  fhey  arc  dissolved  in  water  or  dilute  salt 
Bolution  and  the  solution  is  placed  in  a  bag  of  parchment  paper  and  the 
hag  is  placed  in  the  solvent,  the  proteins  do  not  pass  outside  the  bag. 
They  cannot  pass  through  parchment,  or  collodion,  or  animal  membranes 
by  diffusion.  Dissolved  substances  which  do  not  pass  through  mem- 
branes of  this  kind  were  called  by  the  English  physicist,  Graham,  col- 
loids, or  glue-like  bodies,  because  glue,  which  is  also  a  protein,  cannot 
diffuse.  Most  proteins,  therefore,  are  colloids  and  we  may  infer  from 
the  fact  that  they  are  colloids  and  so  non-difTusiblc  that  tlieir  molecnlea 
in  aqueous  solvents  are  large.  Another  properly  they  possess,  alao 
indicating  a  large  molecular  size  when  in  solution  at  any  rate,  is  the 
opalescence  of  many  of  their  solutions.    Moreover  they  are  generally 
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amorplious,  alUiougl]  a  few,  like  hemoglobiD,  crystBllizc  oasilx  and  others 
can  im  made  to  crystallize  with  £om«  difficulty. 

Another  property  of  nearly  all  pi-oleius  is  rliat  when  they  are  treated 
with  u  inixturo  uC  tlio  dig^^stivv  jiiiros  of  the  intcsliue  aud  pancreas  of 
mammals,  or  whcu  thoy  aro  huBtcd  For  tsomo  time  with  actila,  they  are 
dccoraposod  into  a  mixtiir«  of  RuhsiftiK»":s  called  amino-acidi  which  co'S- 
talliz9.  In  other  words  protcius  are  digestible  by  certain  enzymes  and  on 
digestion  yield  amino-aeids. 

They  liav«  besides  eorljiin  powers  of  dovelopinp  colored  products 
wben  titiated  with  various  reagents,  which  are  diticusscd  farther  ou; 
and  they  may  be  procipitntixl  by  the  salLt  of  heavy  metals  and  they 
form  insoluble  compounds  with  many  acids  such  as  tnnnir  or  picHo  or 
phosphotangslic.  Tli»ae  rftoctions  are  used  for  their  easy  dctxsction,  or 
even  their  quantitativo  determinatioD.  And,  finally,  th<*y  will  noutralizo 
in  a  marked  doprroe  tho  causticity  of  acids,  and  to  some  extent  that  of 
alkalies,  showing,  in  tliis  way,  that  they  are  amphoteric  bodies,  being 
both  bases  and  acids.  These  various  properties  nerved  to  define  the 
prot^fioji  long  before  we  liad  any  definite  informnlion  of  lh(>ir  ehemieal 
composition,  and  we  may  recapitulate  them  here  as  a  definition  of  the 
proletns: 

Definition. — The  proteins  ore  orpanip  Biibstances  fonnd  in  nature 
in  li\'ing  matter,  or  associated  with  it,  and  always  produced  by  it.  They 
consist  of  carbon,  hydrogen,  nitrogen,  oxygen,  generally,  but  not  always, 
some  Rulpbiir  and  sometimes  they  contain  phosphonitt.  The  proportions 
of  tbiise  constituents  are  approximately :  C,  50  per  eent.j  H,  7  per  cent,; 
N.  16  per  cent.;  O.  25  per  cent.;  P,  0-3  percent,;  S,  0-3  per  cent.  Their 
molecules  are  large,  at  least  in  aqueous  solution,  so  that  they  are  colloidal 
and  do  not  pass  through  parchment  paper;  they  give  certain  color  and 
precipitation  reactions,  being  precipitated  by  alkaloidal  precipitating 
afentS[  chemically  they  are  both  bases  and  acids  uniting  with  acids 
to  diminish  their  acidity,  and  with  bases  to  diminish  their  causticity; 
they  are  digestible  by  various  enzj-mes  and  are  broken  up  by  aeids  when 
in  solntion  and  yield,  when  thus  dignsted  or  doeomposod,  n  mixture  oC 
crystalline,  simple  snhstanves  knotm  as  amino-acids  and  most,  if  not  all, 
of  those  are  tr-amino  acids. 

All  of  these  properties  of  the  proteins  are  explained,  or  accounted 
for,  by  tho  bypotheeis  that  the  protein  molecule  is  composed  of  a  series 
of  umno-acids  united  through  their  carboxyl  and  amino  groups.  This 
hypothesis  was  first  well  gi-ounded  by  Kosscl  by  his  analytical  studies 
of  the  simplest  proteins,  the  protamines;  imd  confirmed  by  Curtiua  and 
Emil  Fischer,  who  synthesized  bodies  having  these  same  properties  by 
the  condensation  of  amino-aciiis  in  the  manner  supposed  by  the  hypothc* 
cis  of  Kumwl. 


J 


112 


PHysrar^oGiCAL  chemistby 


Classification. — By  the  mcaiis  which  have  just  been  discDssed  a  gre: 
variety  o£  protein  subslaufcs,  all  liaving  eortaiu  properties  in  coimuon 
in  virtue  of  which  Ibey  have  beeu  called  proteins,  have  been  isolated 
from  living  culls,  tissues  and  ttcvrciions,  and  Kujiarated  one  from  another 
hy  thc-ir  sohibilitios  and  rhrmical  properties.  While  the  chotniral  com- 
pouition  of  uono  of  thuio  substances  is  as  yet  acrurately  known,  it  has 
been  found  noccssan,*  and  convenient  to  divide  them  into  classes,  the  basis 
of  classification  being  chemical  ho  far  as  possible,  and  where  a  chetnic&l 
classification  is  not  poitsihle,  solubility  has  been  made  the  basis.  Two 
sucli  classificutioua  have  been  pn>pnKud,  ono  by  the  Knglish  Soeiety  of 
Physiologists,  the  other  hy  the  American  Society  of  Biochemista,  The 
vo  classifications  arc  similar  in  their  principal  features. 
American  classification. — Proteins  are  deBned  as  nitrogenous,  or- 
ganic suhstniiccB  consisting  wholly,  or  in  part,  of  amiuo-acids  united  by 
thoir  carboxyl  and  amino  groups.  They  are  divided  into  three  main 
classes: 

1.  Simple  proteins. 

2.  Compound  or  conjugate  proteins. 

3.  Derived  proteins. 
The  first  two  classes  are  natural  proteins;  the  last  includes  the  artifici 
and  proteins  modified  by  reagents. 

I.  THE  SIMPLE  PROTEINS.— These  ftr«  naturally  occurring 
prolfius  which  on  being  treated  with  eiizymca  or  acids  break  up  only 
into  ff-amino  acids  or  their  derivatives.  They  differ  from  Die  conjugate 
proteins  in  that  the  latter  bi'eak  up  not  only  into  amino-neids,  but  also 
iuto  other  non-protein  subtitaiices.  The  simple  proteins  avQ  separatod 
intx)  iho  following  groups  by  their  solubilities  and  other  properties: 

A.  Albumins.  Simpli!  proteins,  eoagiilahle  by  heat,  soluble  in 
water  and  diliiio  salt  Holutions.    Hvdlhumin.  scTum  albumin. 

B.  Globulins.  .Simple  proteins,  heat  coagtilable,  insoluble  in  water, 
but  soluble  in  dituto  solution  of  salts  of  strong  bases  aud  acids.  Serum 
globvUn,  ede^tin. 

C.  GlutcHns.  Simple  proteins,  heat  eoofrutablo,  insoluble  in  water 
or  dilute  sail,  hut  soluble  in  very  dihite  acids  or  alkalis.    Glittenin. 

D.  Prolamines.     Simple  proteins,  iunnliible  in  water,  solublo  in 
per  cent  alcohol.    Gliadtn,  kordtin,  zcin.    Pouiul  in  grains. 

E.  Albuminoids.  Simple  proteins,  insoluble  in  dilutee  acid,  alkali^ 
water  or  salt  solutions.    ElusUn,  ktratin,  coUagrtt. 

F.  Histoncs.  Simple  proteins,  not  coagulable  by  heat,  soluble  in 
water  and  in  <lilute  acid;  sirongrly  basic,  and  insoluble  in  ammonia. 
Histone  from  birds'  corpuscles  and  thymus. 

O,  Protamines.  Simple  proteins,  strongly  basie,  non-coagiilable  by 
beat,  soluble  in  ammonia,  and  yielding  large  amounts  of  diamino-acids 
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f'OD  (IcvomposiUon.    Sturin,  salmin,  clvpein,  etc.    Found  in  ripe  sporni 

I  of  IiaIics. 

U.    CONJUGATED  PROTEINS.— Tlieso  are  compounds  of  sim- 

ipJc  proteins  with  ttoiiu-  utiier  iion-prott-iii  (iToiip.     The  other  proup  is 

[gcneriUIj*  acid  in  natur*.    They  are  8Ubdi\idc<l  into  the  foUowiiijr  HaaaPH: 

A.     Chromoproteins.'     The  prosthetic  sroup  (Gr.  proathtsos,  addi- 

tionsl)  is  colored.     It  way  be  liciiiattu  as  in  hemoglobin,  or  the  colored 

[radielwi    of    phyoxT.vlhriii    ipr    phyi'(>i-y:)Q.     llf.itwglobin,    hemocyaniit, 

pbycotnifhrtn.  ji}\<iii>*'y<ni, 

H.    Glyco-  or  glucoproteins.     The  pitKihctir  group  contiiinif  a  cnr- 
liohydmte  rudirlc.    In  mucin  nnd  cartilage  it  may  be  ehondroitic  acid. 
^Uucin,  icktkutin,  jiiHcoii/s. 

C.  Phosphoproteins.  Proteins  of  the  cytoplasm.  The  prosthetic 
I  group  is  not  kn<mii.  but  it  nontainfi  phosphoric  acid,  bat  not  nucleic  ofid 
[or  n  phowphnMpin,    Ciisain.  viteHin. 

D.  Nucleoproteins.    Proteins  of  the  nucleus.    The  chromatin.    The 
prosthetic  group  is  nucleic  aeid.    Jfuclein,  nvcleohistOM. 

E.  Lecithoproteins.     Found  in  the  cytoplasm  and  limiting  mem- 
brane.   Prosthetic  group  is  Iceifliiii  or  a  phospholipiu.    No  leciUioprotcin 

['liiis  as  yet  been  isulnted.    They  |)rol>»l>!y  exist. 

P.     Lipoproteins.*      Existence    is    still    donhtfnl.     The    prosthetic 
group  is  a  higher  fatty  acid. 

in.    DERIVED  PROTEINS. — This  {rroup  is  an  artificial  one,  but 
it  includes  all  the  various  diH-omposition  protliicta  of  tho  naturally  oecur 
;  ring  proteins  which  are  produced  \>y  the  action  of  rE?agont8,  or  enzymes, 
^Or  physical  agents  such  as  heat;  and  also  artifieially  synthesized  pro- 
teins.   It  is  diridffd  into  various  groups  hy  soluhility  and  also  somewhat 
^according  lo  the  degree  of  decomposition. 

A.  PBIMARY  PROTEIN  DEBTVATIVES. 

a.  Proteins.     Derived  proteins.    The  first  products  of  the  action  of 
dds.  cnzytiies  or  water,    ]n.solablo  in  water.     Edcsfan,  myofitit. 

b.  Metaproteins.  The  further  action  of  acids  and  alkalies  produces 
Imetaproteius,  These  are  Wfhihlc  in  wonk  acids  or  HlkalioR  fnit  in.snhihle 
[in  neutral  solutions.    Acid  aibumin  (acid  metaprotein)  ,•  alkali  atbumin. 

c  Coagulated  proteins.  Insoluble  protein  products  produced  by 
'the  action  of  heat  or  alooliol. 

B.  SECONDARY  PROTEIN  DERIVATIVES. 
fL.    Proteoses,    Hydrolytic  doeom posit. ion  proiiucts  of  proteins.    Sol- 

'TIn'  Mini  i?  in  inn  Imtp  caMr'il  rlirriMiii|iri>l*'iti»  U  callpiJ  *' npinoBlobinp' "  iti  Ibi' 
B*iial  .\nu'ric4ii  vlnitiiilit'Utinn.  Tlir-  wotil  (.'liToinnpriiU'in  ho*  iw  mnnj'  potiitR  nf 
I'aupcriarity  ovrr  t]iaL  Kcuiiiint-iiili'd  by  tin-  fWiHj-  tJiHl  It  liits  ^Mirn  mlopk-il  bftrc  H 
|«-»i  a<lupu>d  b.r  llie  Eiij;l{ah  i-irflrtirlmlldii. 

•  ArtilSciitl  )i|(0[in>U-iiH<  urt  ni-il.>  iu*ik'.  Tliis  subdirUluu  lias  hvea  ttiltlt.tl  by  tho 
IvuUmjt  Iw  Uiv  clniuilicHliuti  ■iluplul  by  tho  Society. 
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uble  in  water,  not  coagulable  by  heat,  precipitated  by  saturating  their 
solutions  with  ammoniam  sulphate. 

b.  Peptones.  Hydrolytie  decomposition  products  of  proteins;  solu- 
ble in  water,  not  coagulable  by  heat,  not  precipitated  by  saturation  with 
ammonium  sulphate.    Generally  diffusible  and  giving  the  biuret  reaction. 

c.  Peptides.  These  are  compounds  of  araino-acids  of  which  the  com- 
position is  known.  Many  are  synthetic.  The  amino-aeids  are  united 
through  the  amino  and  carboxyl  groups.  They  may  or  may  not  give 
the  biuret  reaction.  They  are  not  heat  coagulable.  They  are  called 
di-,  tri-,  tetra-penta-peptides,  etc.,  according  as  they  contain  two  or  sev- 
eral amino-acids  in  the  molecule. 

ENGLISH  CLASSIFICATION. 
L     SIMPLE  PROTEINS. 

1.  Protamines. 

2.  Histones. 

3.  Globulins. 

4.  Albumins. 

5.  Glutelins. 

6.  Gliadins.    (Prolamins.)     (Soluble  in  80  per  cent,  alcohol; 

insoluble  in  water.) 

7.  Sclero-proteins.       (Fonning    the    skeletal    structure    of 

animals.) 

8.  Phosphoproteins.    Caseinogen. 
II.     CONJUGATED  PROTEINS. 

1.  Chromoproteins. 

2.  Nucleoproteins. 

3.  Glucoproteins. 

IIL     HYDROLYZED  PROTEINS. 

1.  Metaproteins. 

2.  Albumoses  or  Proteoses. 

3.  Peptones. 

4.  Polypeptides. 

The  definitions  adopted  of  tliese  groups  are  essentially  those  already 
given  in  the  American  classification.  It  will  be  noticed  that  the  English 
classification  places  the  phosphoproteins  among  the  simple  proteins. 

Decomposition  products  of  the  proteins. — Before  wo  take  up  more  in 
detail  the  peculiar  characters  of  the  different  proteins  included  in  the 
protein  mass  from  cells,  we  may  consider,  first,  those  properties  which 
all  such  masses  show,  whatever  their  origin,  since  these  are  the  funda- 
mental or  peculiar  properties  common  to  the  proteins  as  a  class,  and  th«(f 
were  observed  before  the  composition  of  the  proteins  was  known,  or 
the  reactions  explainable.  The  first  of  these  properties,  namely  the 
chemical  composition,  has  already  been  referred  to.    The  elements  ooni' 
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sing  them  are  among  the  most  abundant  on  tlie  earth.    Besides  their 
itnentar;'  ooiupositioo,  all  such  protein  masites  show  certain  color  reaa- 
|ioDS  which  are  ooavcoient  for  tliuir  idenlifictition;  and  they  all  y\eld 
liu  crj'Btallinc  an)ino>acid8  when  cooked  with  acid.    We  may  begin 
rilh  a  study  of  these  decomposition  products,  siucc  tlie  way  followed  to 
et  &a  insist  into  ttie  composition  of  such  a  large  molecule  aa  that  of 
protein  is  to  break  it  into  amaller  pieces  in  various  ways  and  from 
jlfae  character  of  th««c  pieces,  which  are  sufliciently  small  to  permit  the 
determination  of  tlieir  composition,  to  imagine  how  Ihey  are  uoited  in 
the  larger  molecule;  we  then  put  this  imagination  to  the  test,  as  to  its 
bralidity,  by  artificially  uuitiug  the  pieces  in  the  way  they  are  supposed 
■to  occur  and  see  if  the  artificial  product  thus  obtained  corresponds,  in 
its  properties,  with  the  natural  product  whose  compositioo  was  sought. 
ttf  it  does  correspond  llic  slniL'turc  of  the  molecule  is  considered  solved. 
I    .The  main  diflicutty,  or  one  difliculty,  in  such  studies  on  chcmieal 
pCmctnro,  comes  from  the  possibility  that  the  substances  isolated  in  the 
decomposition  may  not  liavo  been  preformed  in  the  molecule,  but  may 
have  arisen  secondarily  during  the  reaction;  but  tliia  diSieutty  can  be 
avoided,  in  part  at  least,  by  bri-aking  up  the  molecule  in  a  variety  of 
|ny*!  i^  ^*'^  products  are  the  same  whatever  method  is  used,  it  may  be 
Confidently  believed  the   fragments  actually  pre-existed  in   the  mole- 
cule.    In  the  case  of  the  proteins  the  problem  was  in  this  particular 
unusually  simple.    The  proteins  may  be  broken  up  in  a  variety  of  ways, 
but  Uioy  always  yield  the  same  end  products,  from  which  it  is  certain 
tliat  these  fragments  pro-exist,  or  at  least  the  preater  part  of  them,  in  the 
protein  molecule.    The  pi-otetna  may  bd  brokt-'ii  up  by  healing  them  for 
several  hours  at  a  boiling  tenipi>ratiir(>  with  10  per  cent,  sulphuric  acid, 
or  30  per  cent,  hydrochloric  add  ;  or  hy  th"  action  oF  sviporhcated  steam 
acting  for  many  days;  or  by  the  action  of  barium  hydrate  either  cold 
or  heated  ;  or  they  may  be  dcfoiiiposed  at  ordinary  temperatures  in  a  solu- 
tioD  of  nearly  neutral  reaction  by  digextive  cnxymes  isolated  from  animal 
or  plant  tissues.    The  result  is  always,  in  its  main  features,  the  same. 
If  treated  in  any  of  these  ways  the  eolleidal  eharacter  of  the  protein 
disappears  and  it  is  converted  into  a  mass  of  simple  RuhstanciB,  which 

^8  crystal lizable  and  which  can  be  separated  from  eaeh  other.  These 
bstances  are  amino-sclds.  From  these  experiments  the  conelusion  was 
drawn  tliat  the  amino-acids  must  pre-exist  in  the  molecule,  since  it  Is 
wry  unlikely  that  in  these  various  conditions  of  acidity  and  temperature 
^ways  the  same  products  would  be  formed  did  they  uot  prc-ctist. 
Furthermore,  by  oxidation  of  the  protein  by  permanganate,  or  other 
uidizing  agents,  oxidised  products  of  the  amiDO-acids  may  bo  had.  The 
Conclusion  that  the  amino-acids  are  preformed  in  the  molecule  is  also 
sCraDfittaeudd  by  the  eliar&eter  of  the  dceompotiitiuii  which  has  taken 
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place.  It  is  found  that  the  total  weight  of  the  amino-acids  from  p,  giveu 
weight  of  protein  is  greater  than  that  of  the  protein  from  which  they 
aro  derived;  the  proportion  of  earbon  and  nitrog^-n  in  the  docomposed 
mass  is  less;  and  that  of  hydrogen  nnd  oxygen  is  more.  This  sliows 
that  in  the  proeess  of  decomposition  the  oleineats  of  oxygen  and  hydrogen 
have  been  added;  and  further  study  shows  that  wafer  has  been  taken 
np  and  combined  in  the  process  of  decomposition,  and  that  water  alone 
will  bring  the  doeompo8iiion  to  posR.  t-Voiu  thi»  it  is  clear  that  all  these 
decompositions  produeod  by  acids,  alkalies  or  enzymes  are  in  reality 
produced  by  water,  they  aro  honco  called  hydrolyscs  (Ur.  IJyd^r,  water; 
lt/»is,  to  loosen)  or  hydrolytie  deeomposilions.  Since  this  is  a  mild  pro- 
cess, no  groat  energy  transformations  aeeompanying  the  deeompositioQ, 
it  is  an  additional  evidence  that  the  amino-aeids  pre-exist  in  the  protein 
molecule  and  tliat  they  are  separated  from  eat-h  other  by  the  eutranoe  of 
water. 

The  amino-acids  whi^h  havo  horn  identified  nr«  nearly  all  "■■amino 
acids,  but  it  is  not  iiniinsaihlc  thHt  others  than  n  acidH  may  still  lir  found. 
An  -Y -amino  acid  is  an  organic  acid  in  which  one  hydrogen  of  the  « 
earbon  atom,  that  is  the  carbon  atom  jiiut  behind  the  earboxyl,  is  subeti- 
tnted  by  an  amino  group.    An  amino  group  is  KH^. 

The  following  amino-acids  havo  boon  isolated  from  the  cleavage  of 
simple  proteins:  gtycocoll,  alanine,  valine,  capnne.  or  glyooleucine,  leu* 
cine,  iso-lcucine,  aspartic  acid,  jrlntamic  acid,  tyrosine,  phenyl  alanine, 
tryptophane,  hiatidine.  arginine,  lysine,  proline,  cystine,  oxyproline, 
diamino-acetic  acid,  dioxy-diaminoenberic  acid,  C,H,„N,Oa,  and  diamino- 
tinoxydodccanoic  acid,  CiiH,,KuO».  Both  of  these  latter  were  found  in 
caseine.  The  composition  of  Ihf-ie  aeitls  is  shown  in  the  following  strue- 
tnral  formulas.  A  /Jalanine,  that  is  /?-araino-propionie  aeid  has  been 
isolated  from  camosine,  a  di-peptide  found  in  muscle. 

Stnictare  of  amino-acids  isolated  from  simple  proteins. 

I.     Aliphalic,  mono-amino,  mmio-carloxylic  acids. 


n 

II— C— NHj 

n 

It— C— II 

11— c— n 

11 
„4_n 

cii.  cur. 

0=:C-OH 

H— C— NH^ 

11— <!^ii 

1 

ii-_(_n 

H— <i-KlI^ 

t 

0  =  0— OH 

1 

U— C— NH^ 

0  =  C— OH 

H— c— n 

1 

H— C— NH^ 

0  =  0— OH 

(a-uainoac«tic 
aeul) 

Alsninff 

0  =  C— OH 

Valtno 

[ii-iiRiino 
prc^lontc 
Mid) 
C,H,NO,. 

(_'i  amino 
tutjrxie 

{a -amino 
valerianic 
iictd) 

r  H    NO  . 

ft    11      t 

( I«j-propyI 

o-nmino  nciHic 

acid) 
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CH        CH 


H— U— H 
H— (!f— NH^ 
0  =  C— OH 


H— C— H      CH 
C— H 


NH. 


H  CH.      CH.  CH. 

H— C— H 

U—i—B. 

H— C— H 

H— C— H 

H— ^NH^ 

0  =  C— OH 

GIjcoleuGine  leucine  Iso- leucine 

Caprioe  (a-iao   butyl        (eth^I,  methyl 

(a-amino  normal  a-am!no  acetic  a-ammo  propionic 

eaproic  add)  acid)  acid) 


H-i-: 

0  =  6—0. 


H 

H— C— OH 

H— 0— I 
I 


-NH. 


H 

H— C— SH 

H— 0— NH 
I 


O  =  C— OH         0  =  C— OH 


C.H^,NO,. 


C,H„NO.. 


CH    NO. 

B      IS  ■ 


Serine 

(p -hydroxy 

□-amino 

propionic 

acid) 

C.HNO.. 


(^ateine 

(^-thio, 

a -amino 

propionic 

acid) 

C^H^NSO^. 


H  H 

H— C— B  — S— C— H 


-NH. 


NH  — 0— H       H- 

0  =  C— OH  0  =  C— OH 
Cystine. 

II.    Mono-amino,  di-carhoxylic  acids.      III.    Iso-cyclic  amino-acids. 


0  =  C— OH 
H— C— H 
IC— C~NH^ 

0  =  C— OH 


Aspartic  acid 

(a-amino  sucoinlc 

add) 


C^H,NO,. 


0  =  C— OH 
H— A— H 
H— C— H 
H— C— NH 

3 

0  =  C— OH 


Glutamic  acid 


C— OH 
HO        CH 

Y 

H— C— H 


0=(>-0 


NH 


CH 

■^\ 
HC        CH 

Hi        ^H 

Y 

H— C— H 

H— C— NH 

I  ' 

O^C— OH 

I'hcnyl  alanine 


Tyrosine 

(a-amino  glutaric O-para-hydroxyphenyl,   (^-phenyl,  a-amino 
acid)  a-amino  propionic  propionic  acid) 

acid) 


cA^o*- 


C.H^.NO,, 


Fio.  11. — CrjataU  ut  ejrsttne. 


of  tyroilne. 
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IV.    Hetero-cyclic  amino-acids. 


CH                  HNH  0 

H  C  —  CH, 

■^^                 LIU 
HC       c  —  c— b— C—  0— OH 

1       0 

HC        C-d-OH 

Hfc       'i        Uk 

L-H    ra    H 

NH    H 

Tryptophane 

Proline 

(«  -amino,  ^-indole  propionic  acid) 

( a-pyrrolidine  carbozylia  acid) 

C,  H   NO.. 

C  H  NO  . 

11    11   1  > 

•   •      t 

HC— N 

)CH 
^-NH 

HC— H 

HO—   CHOH 

0 
HC        C— G— OH 

H— C— NH^ 
0  =  C— OH 

Y'- 

Histidine 

Oiy-proline 

(a-amino,  ^-imidazole 

(The  position  of  the  bydroxyl  is 

propionic   acid) 

uncertain) 

CHNO. 

C  H  NO  . 

•    •    a   I 

SB         S 

V.    Diamino-mono  carboxylic  acids. 

NH, 

MH, 

3  =  NH 

H— C— H 

J-H 

H— i— H 

H— C— H 

H— C— H 

H-i— H 

H— C— H 

H— C— H 

H— i— NHj 

H— 0— NHj 

0  =  O-0H 

0  =  C— H 

Arginine 

Lysine 

(a'amino,  li-giiaDidine 

(of -amino. 

valerianic  acid) 

caproic  acid) 

C.H„NO,. 

C.H,A0,- 

Important  properties  of  the  amino-acids. — 1.  Solubility.  Com- 
pounds  U!ith  acids  and  bases.  The  amino-acids  are  nearly  all  readily 
soluble  in  water,  but  tyrosine  is  sparingly  soluble  in  cold,  but  more 
soluble  in  hot  water,  while  cystine  is  soluble  with  difficulty  in  both  Itot 
and  cold  water.  Cysteine,  on  the  other  hand,  is  very  soluble.  They  an 
all  readily  soluble  in  dilute  acids  and  alkalies  except  cystine,  which  doei 
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lot  dissolve  easily  in  dilute  ammonia.  Leucme,  while  it  is  quite  soluble 
in  cold  water,  redissolves  very  slowly.  The  amiuo-oeida  are  inaolulilc  in 
ether.  The  reaction  of  all  tlic  niono-c^rboxylic-mono- amino  acids  ia 
Mteric  to  Utinusj  ttic  diamino  ai^ids  and  liistidinc  and  argpnine  react 


^  * 


i<r. 


,    'T 


Via.  U.— OtiIkI*  ol  bUddlOD  dlcliiorldc  (Sobrclnar  ±aa  Sboror ). 


alkaline  in  solution  and  absorb  CO,  from  the  air;  whereas  the  mono- 
amino,  diearbosylic  acids  (aspartic,  glutamic)  are  acid  in  reaction.  Pos- 
sccnog  both  carboiiyi  and  amino  ^oaps,  they  unite  both  with  acids  and 
hoses  and  behave  tlius  both  as  bases  and  acids.  Tliey  form  two  seri^ 
of  salts.  As  bases  they  react  tike  substituted  ammonias  to  form  hydro* 
chlorides  with  hydrochloric  acid.  The  salts  thus  formed  ioiiizR  into  the 
amino-acid  as  the  cation  and  chlorine  ss  the  anion.  As  acids  they 
unite  with  bases,  such  as  sotlium  hydrate,  to  form  the  sodium  salt  of  the 
amlnoacid.  which  on  iouiKiug  yields  sodium  as  the  cation  and  the 
aiuiuo-aad  as  the  anion.    These  reactions  ma>'  be  written  as  follows: 


t   „ 

H— 0— NH^ 

Oi=C— OH. 


+  noi 


Almsiiw. 


H 
n— C— H/H 

I       -.CI 
Oh=C— OH 

Alt  nine  bydrochlori4«. 


H 
H_A_H/H 
H— C-N-11    + 
0  =  6-0H*^ 


CI 


Alnnine 
OLtiot]. 


Clil«finc 
antoa. 


rbo  positive  cliargo,  it  wiU  be  noticed,  is  on  the  nitrogen  atom  of  the 

■—'no  gTMp. 
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With  bases  the  reaction  is  as  follows : 

H  H 

H— <!^-H  II— C— H 

I  I 

H— C— NH^ -f- NaOH     =     H— C— NH^  +  H^O     ^^^^ 


H 


H- 


H 

:-A-i 
I 


-NH, 


0=(>-O— , 
Alanine. 


0=C— 0— Na 
Sodium  alanate. 


0=0—0 


Alanine 
anion. 


+ 
+    Na 


Sodium 
cation. 


The  negative  charge  is  on  the  oxygen  atom  when  the  amino-acid  is  present 
aa  an  anion. 

As  they  are  both  weak  acids  and  weak  bases,  both  of  their  salts 
undergo  hydrolytic  dissociation,  so  that  the  sodium  salts  are  alkaline 
in  reaction,  due  to  sodium  hydrate;  find  the  hydrochlorides  are  acid, 
tiiere  being  always  present  some  free  hydrochloric  acid. 


OH 


H    0 

.-<UU 


H  +  B  O 

■  2 


CH 


H   O 


NH^HCI 


u 


H+HCI 


H  0 
z    1 


Alanine  hydrochloride. 
H     0 


Alanine  free  base. 
H    0 


CH^— 0— 0— 0— Na  + 
Sodium  alanate. 


HO 


H  +  KaOH 


Alanine. 


This  property  of  the  amino-aeids  of  uniting  both  with  bases  and  adds 
is  of  very  great  importance  in  determining  the  behavior  of  the  proteins^ 
which  act  similarly. 

2.    Union  loith  salts  of  metals. 

By  their  amino  groups  the  acids  will  unite,  also,  with  such  salts  u 
mercuric  chloride  or  nitrate,  silver  nitrate,  platinum  chloride  and  cuprie 
chloride  to  form  double  salts,  and  some  of  these  compounds  are  crystal- 
line. All  of  these  metals  come  below  hydrogen  in  the  order  of  Huax 
solution  tensions,  that  is  in  the  electromotive  scries  of  the  metals.  Tha 
reaction  with  cuprie  chloride  may  be  written  as  follows : 

CH  — CH  — CH.NH  —COOK  +  CuCI   =  CH  — CH  — CH.NH  CuCI  — COOH. 

Advantage  is  taken  of  this  power  of  tlie  amino-acids  to  combine  with 
copper  and  mercuric  salts  to  precipitate  them  from  their  solutions.  Mer- 
curic acetate  in  the  presence  of  carbonates  is  one  of  the  best  reagents  to 
use  for  this  purpose,  although  the  precipitation  is  probably  not  qoanti- 
tative  and  many  other  compounds  than  the  amino-acids  will  procipitito 
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[vilU  this  ro&gcfit  Ono  makes  the  solution  weahly  alkaline  by  the  addi- 
ion  of  sodium,  carbonate  and  thsn  adds  alternately  a  little  of  a  25  per 
cent,  solution  of  luercurio  aeotate,  and  ii  ftw  drAps  of  sodium  carbonate 
to  kCQji  Ibe  ti>a<!tJou  ulkaliuu,  as  long  a.s  a  white  precipitate  is  obtained 
aud  then  snlficient  of  the  reagents  so  that  on  stirring  the  precipitate  has 
a  faint  yellow isli -red  color.  Tlicn  5-8  votnmes  of  98  per  cent  alcohol  are 
a4l(]ed. 
^b  Tbc  amino-aeids  also  have  the  property  of  forming  compoiiiKls  with 
ordinary  salts  such  as  sodium  chloride. 

H        3.    Co'ideiisatioH  of  aldrhydcs  with  the  amino  group. 

H       The  amino  groups  will  also  (•ondunse  with  aldehyjes,  particularly 

^Brith  fonuBlduhydo,  with  the  elimiuatioa  of  water  according  to  the 

Krcaction : 

K  U,N    0  H  CII^sN    O 

^^^       CH_— C— C—OH     4-    H— C  =  0   '    CH,— C'- 

PSy  th 


k 
A  iDtiine. 


!;-_L_-OU  4-  U^O 


Foimnldelij'dF. 


AtcthyleiitMitanliic. 


CM,  =  N 


]|_N_CH 


<ni. 


+  sii 


Mvthyl  alanine, 

^By  tfai«  reaction  the  motiiylcne  substitution  products  are  formed  and 
these  by  reduction  go  over  readily  into  the  jnetliyl-amino  derivativca  as 
l9hown  above.  This  substitution  of  methylene  for  the  positive  element 
iiydrogcu  iu  the  auiiuo  group  reduces  the  basicity  of  the  amino  group 
that  tlio  acid  character  of  the  carboxyl  comes  clearly  into  evidence, 
ij  these  substituted  neiils  muy  now  be  titrated  with  sodium  hydrate, 
3B  phcnol-phliialcin  as  indicator.  Tliis  reaction  is  extremely  impor- 
int,  partly  because  siurh  methyl  substitution  products  arc  quite  com- 
ion  in  animals  and  plants  and  tbcy  are  probably  produced  in  this  xv&y, 
id  portly  because  this  reaction  is  the  basis  of  the  Soreusen  mclInKl, 
^which  is  OQO  of  the  best  mclhiHls  for  doecrmining  iu  a  simple  way  the 
Iniount  of  amino-acids  in  a  mixture.  See  p.  914.  Other  aldehydes  do 
lot  react  no  readily  as  formaldvliyde  with  the  amino  gi-oup. 
4.     The  carbamino  reaction  of  amino-<tcids. 

Another  very  interesting  and  important  roadion  of  the  amino-acids 

'is  their  union  with  calcium  and  carbonic  acid  to  form  carbamino  com- 

poimds,  a  reaction  discovei-cd  and  studied  by  Sici;fried  aud  a  reaction 

of  considerable  biological  importance,  since  it  occurs  in  the  living  org&zt- 

iam,    AVhau  ammonia  and  carbonic  acid  unite,  two  compounds  may  be 


128  PHySIOLOGICAL  CHEMISTRY 

formed^  namely,  ammonium  carbonate,  (NH4)tC0„  and  ammonium  car- 
bamate, the  ammonium  salt  of  earbamie  acid,  NH^OCO.NH,. 

O  0 

II  II 

H— O— C— O— H    -f    2NH^    =    NH^— C— 0— NH^    +    HO 

Carbonio  acid.         Ammonia.  Ammonium  carbamate. 

The  esters  of  earbamie  acid  are  quite  important.    They  are  called  ure- 
thanes.    The  ethyl  eater,  ordinary  urethane,  is  a  useful  hypnotic. 

0 

NHj— &-0— CH^— CH, 
Urethane. 

The  carbamino  reaction  of  the  amino-acids  is  similar  to  this  union  of 
ammonia  and  CO,  to  make  earbamie  acid. 

Alanine,  for  example,  unites  with  carbon  dioxide  in  the  presence  of  a 
lime  salt  to  f  onn  the  compound 

CHj— CH— NH— C  =  0 

This  reaction  is  of  considerable  importance  in  getting  an  idea  of  the 
composition  of  mixtures  of  amino-acids  and  in  studying  the  course  of 
the  hydrolytic  decomposition  of  the  proteins.  One  determines  the  nitro- 
gen and,  by  boiling  the  filtered  solution  containing  the  carbamino  com- 
pound, the  amount  of  calcium  carbonate  precipitated.  There  is  thus 
obtained  a  relation  between  the  number  of  nitrogen  atoms  and  the  mole- 
cules of  carbon  dioxide  which  have  been  in  union.  The  result  is  ezprcfised 
as  the  quotient  COg/N.  In  the  case  of  monoamine  acids  this  quotient  will 
be  one.  Such  a  quotient  will  mean  that  all  the  amino-acids  in  the  mixtoxe 
are  monoamino  acids  and  all  the  amino  groups  are  free,  since  the  reaction 
only  occurs  between  free  amino  groups  and  free  carboxyl  groups.  If 
diamine  acids  are  present,  or  if  the  amino-acids  are  in  part  combined 
in  peptide  unions,  the  quotient  will  be  less  than  one,  since  the  amount  of 
nitrogen  is  greater  than  the  number  of  free  amino  groups.  It  is  possible 
by  studying  this  quotient  to  follow  the  course  of  the  digestion  of  the 
proteins  and  determine  when  the  reaction  is  complete.  There  are,  how- 
ever, easier  methods  which  will  be  shown  later. 

5.    Deamidization  by  oxidation. 

The  amino  group  is  detached  only  with  great  difficulty  in  acid  hy- 
drolysis, or  by  the  action  of  alkalies.  One  would  think  it  might  easily  be 
replaced  by  hydroxyl  to  form  the  hydroxy  acid,  but  this  is  not  the  caaa. 
If  it  were,  it  would  be  impossible  to  isolate  the  amino-acids  from  the 
proteins  by  acid  hydrolysis.  The  amino-acids  are  most  stable  in  the  foim 
of  their  acid  salts.    Most  of  them  are  quite  stable,  too,  in  alkaline  aohi- 
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bat  cystine  and  cysteine  will  Lose  tlieir  sulpbur  to  a  Urge  extent 
in  alkaline  solution  and  arginino  decomposos  into  ornithine  and  urea. 
Thii  fact  tliut  tlie  amino  nitrogen  is  so  firmly  attached  and  tlie  amino- 
acids  so  stable  in  acid  solution  enablea  the  condusiou  to  be  drawn  that 
the  ammonia,  which  always  appeai-s  m  small  amounta  when  a  protein  in 
bydrolyzed  in  acid  solution,  i:aimot  bave  come  £i-om  tlio  amiuo  acids,  but 
must  have  bad  some  oiiicr  Uukiug  iu  thu  protciu  molecule.  As  a  matter 
of  fact  it  represents  acid  amide  nitrogen  and  not  omino-acid  nitrc^cn. 
It  was  in  a  free  carboxyl  group.  It  is  called  amide  uitrogeo.  lu  amount 
in  variable,  as  we  shall  see.  But  while  the  amino  group  is  not  readily 
detached  by  a  simple  hydrolysis,  it  can  be  readily  removed  by  an  oxida- 
tion. By  various  oxidizing  agents  such  as  hydrogen  peroxide,  or  perman- 
ganate, tJie  amiuo  group  is  displai^cd  and  tliu  corrcspoudtug  kctouic  auid 
is  formed.  This  reaction  is  reversible.  The  reaction  may  be  written  oa 
follows: 


CH. 

I 


Cil, 
I 


NH. 


H— C— NH^-f-O    -- i  Us=0    -f 

0  =  b— OH  0  =  i— OH 

AlaniniL  ^ravloeld. 

ireaetion  in  the  left  direction  goes  on  only  in  the  presence  of  i^ucing 
Both  these  reactions  are  of  very  great  importance,  since  they 

occur  in  the  metabolism  of  amiuo-acids  in  living  matter  and  show  the 
'  way  in  which  amino-acids  may  form  from  tlie  decomposition  products 
'  of  the  sugars  and  ammonia ;  and  how  the  proteitis  may  be  converted, 

with  the  loss  of  ammonia,  into  carbohydrates.  The  ammonia  thus  formed 
liu  the  body  by  this  oxidation  of  the  nmino-ncids  has  a  great  many  func- 
[tious  wbicli  are  discussed  on  page  248.  By  further  oxidation  the  ammonia 

thus  set  free  may  be  oxidized  to  nitrogen  gas.    This  may  be  done  by 

bromine,  or  cUlortne^  or  uitrotis  acid  iu  the  following  reaction : 

KHj-fllO.NO     ~     2H^O  -[-N^ 
Nitroufl  acid. 

This  last  reaction  is  used  in  determiuiug  tlic  quantity  of  amino-Hcids  or 
the  amino  nitrogen  of  a  protein  in  tlio  van  Slyke  method.  The  uitrogon 
gas  evolved  by  treatment  o£  the  protein  or  its  hydrolyjied  products  by 
nitrous  acid  is  collected  and  measured  and  the  number  of  ainino  frroups  in 
a  solution  of  the  acids  is  thus  determined  with  very  proat  ease.  Tbo  same 
method,  using  bromine  in  place  of  nilrous  acid,  is  employed  clinically 
for  the  ileterminatiOQ  of  urea  and  some  other  fonmi  of  nitrogen  in  tlie 
nrine.  Although  the  amino  group  is  replaced  by  o.\ygcu  with  ease,  it 
is  not  replaceable  with  hydrogen.  That  is,  if  a  protein  is  hydrolyxed  with 
hydrochloric  acid  and  tin,  so  tliat  nfiscout  hydrogen  is  set  free,  the  hydro- 
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gen  does  not  displace  the  amino  group  to  form  the  fatty  acid.  In  fact, 
tin  is  not  infrequently  added  to  reduce  the  decomposition  caused  hy  oxi- 
dation during  an  hydrolysis. 

6.  Formation  of  lactams  and  piperazine  nuclei. 

Another  important  peculiarity  of  these  a  acids  is  the  fact  that  they 
form  anhydrides,  two  molecules  combining,  with  the  greatest  readiness. 
Thus  it  is  only  necessary  to  evaporate  solutions  of  leucine  or  other 
amino-acids  to  produce  some  condensation  to  imidos,  such  as  leucinimlde; 
diketopiperazine  nuclei  are  tlius  formed: 

O 

{ CII^ )  ^  =  CH— CH^— CH.NH--C  CH^— CH^ 

0  =  C— HN-CII— CH,-Cn  =(CH  )^  ;       it/  \h 

0U„— UH^ 
Lcucinimiilc   {Diisobutj!  dikutopipcraaiiie) .  riperazinc. 

It  is  considered  probable  tliat  heterocyclic  rings  of  this  kind  occur  in 
tlie  protein  molecule,  but  their  presence  has  not  yet  been  proved.  Such 
a  condensation  may,  however,  give  rise  to  some  of  the  cyclic  amino-aeidB 
from  straight  chain  amino-acids. 

When  the  amino  group  is  in  the  ;'  or  5  position  as  compared  with  the 

carboxyl,  as  it  is  in  glutamic  acid,  for  example,   COOH — CH, — CH,— 

Y 

CHNHj — coon,  an  internal  condensation  within  tlie  molecule  occurB 
with  tlie  greatest  ease.  These  anhydride  substances  correspond  to  the 
laetone.s  and  arc  called  lactams.  It  is  an  interesting  fact  that  althon^ 
the  amino-acids  themselves  are  without  special  physiological  or  toxie 
action,  these  lactams  arc  powerful  poisons,  producing  stiychnine-lile 
convulsions.  By  this  lactam  formation  some  of  the  cyclic  amino-addi 
may  be  formed  from  the  straight  chain  amino-acids. 

This  may,  for  example,  be  tlie  origin  of  proline.    Glutamic  acid  under- 
goes a  condensation  of  this  kind  to  form  tlie  lactam,  pyrrolidon  car- 
boxylic  acid,  wliieh  by  reduction  will  yield  pyrrolidine  earboxylie  acid, 
or  proline, 
o  =  c— CH  — cH  — cu.Nii  — c:ooii  — - 

as  2 

OH 

Cir  — CH  CH  — CH 

l'    l'  +""'   --    I  '    iJ  +".° 

o  =  c      CH— COOH  cn^    fcn— COOH 

Pyrroliilori  cnrlmxylic  ncid.  Proline. 

7.  The  taste  of  amino-acids. 

The  amino-acids  being  very  weak  acids  and  having  amino  gronpi 
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which  resemble,  in  their  properties,  liio  hydroxyt  groups  o£  the  carbo- 
hydrate*,  have  also,  in  many  cases,  a  swoct  taslo.  Thus  glycocoll,  &s  its 
nnnio  implies  [Gr.  glykys,  swoet;  kolla,  glue;  ihc  swoot  substanco  from 
glue),  is  very  sweet.  Alanine  is  also  sweet  auil  so  is  cupriue,  or  glyco- 
leaelne.    Leucine,  however,  is  taKii<](.>KK  and  iso-leiic-ine  is  bitter. 

It  is  not  yet  known  wliy  somt-  siibslanoes  are  Mwt^et  and  others  bitter. 
The  problem  is  idontirnl  wJIb  the  Kcnernl  problem  of  the  nntarc  of  stimU' 
lation  and  Uio  character  of  tbo  irritjible  response  of  living  matter.  In 
this  rase  it  is  essentially  the  question  of  lion*  the  taste  buds  of  the  sweet- 
porceivine  nerves  are  stimulated. 

8.     Optical  properties  of  atntnoacids. 

The  amino  ae'ulft  obtained  from  prntciriK  by  liydrolysts  by  acids  or 
enzynieH  nr«!  all  optically  active.  Most  are  levo-rotatory.  Tlie  <>  carbon 
U  always  a-iymmetrie.  Since  the  total  rotatory  action  of  any  collection 
of  aniino-acids  obtained  by  acid  hydrolysis  or  by  digestive  enzymes  is 
diiTercnt  from,  and  generally  greater  than,  the  rotation  of  the  protein 
from  which  they  come,  the  cliange  in  the  rotatory  power  of  a  digesting 
protein  enables  us  to  follow  tite  rate  of  digestion. 

The  amino-acids  obtained  from  the  proteins  by  hydrolysis  by  alka- 
lies, or  whieh  have  been  obtained  by  neid  hydrolysis  from  protein  whieh 
has  been  treated  for  a  time  with  dilute  nlbali,  arc  for  tlio  most  part 
inactive.  The  amino-acids  obtained  from  such  alkali-treated  proteins 
are  as  a  rule,  but  not  exclusively,  composed  of  equal  amounts  of  the 
dexlro-  and  levo-rotatoiy  forms  of  the  acids.  Since  in  the  proteins  prob- 
ably only  one  of  the  optieally  active  forms  of  an  amino-acid  occurs,  as 
is  shown  by  the  activity  of  those  acids  when  freed  by  enzj-mc«  or  acid 
hydrolysis,  it  follows  that  by  the  action  of  alkali  the  other  optically  active 
form  has  been  produee<I.  This  process  by  whieh  from  one  optically  active 
isomer  the  opposite  optically  active  isomer  is  produced  is  called  "  racemi- 
zation."  The  name  is  derive*l  from  racemic  acid  (page  22)  which  is 
composed  of  equal  quantities  of  the  two  optical  antipodes  of  tartaric 
acid.  Now  it  is  found  that  the  amino-acids  when  free  do  not  easily  or 
rapidly  racemize  when  treated  by  dilute  allrali.  The  racemization  pro- 
duced by  the  action  of  dilute  alkali  on  protein  must,  therefore,  occur 
while  the  amino-acids  arc  combined  in  the  molecule  of  the  protein. 
The  way  this  is  produced  is  very  interesting  nnd  very  valuable  tnfor- 
tuation  about  which  amino-neids  have  free  carboxyl  groups  on  them 
in  the  protein  molecule  can  be  obtained  by  taking  advantage  of 
this  ease  of  raoemization  by  alkali  of  the  amino-acids  which  have  the 
carlwxyl  eomblnetl.  The  explanation  as  ^ven  by  I>altin  is  as 
follows : 

I      The  amino-aeidt;  of  the  proteins  arc  linked  through  (heir  amino  and 
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Dipeptides  like  this  do  not  easily  undergo  raeemization ;  but  more  earn.- 
plex  polypeptides  do. 

0     H    H     0     H 

HO— C— C— N— C— C— NH 
z 

CH^  CH 

A  Ian;  I -alanine.    Ketone  form. 

This  is  the  ketone  form.  Now  by  intramolecular  rearrangement  the 
hydrogen  of  the  a  carbon  atom  passes  over  to  the  oxygen  of  the  ketone 
group  to  make  the  euol  form,  thus ; 

0     H     H     OH 

IlO—il— C—N— C  =  C— KH 

2  . 

Enol  peptide  form. 

The  ketone  and  enol  forms  are  probably  in  equilibrium  with  each 
other,  some  enol  going  back  to  ketone  and  some  ketone  to  enol. 

By  this  enol  formation  the  carbon  atom  of  the  second  alanyl  group 
which  had  been  asymmetrical  now  becomes  symmetrical.  When,  now, 
the  ketone  form  with  its  asymmetric  carbon  is  regenerated,  the  second 
acid  with  the  double  bond  will  form  equal  amounts  of  the  two  optical 
isomers,  since  there  will  be  nothing  to  determine  that  one  rather  than 
the  other  isomer  shall  be  formed.  It  is  clear  that  the  alkali  must  assist  in 
producing  the  enol  form  in  tlie  peptide  groups  and  in  this  way  it  produces 
its  raeemization.  Furthermore,  since  only  those  amino-acids  which  have 
their  carboxyl  groups  combined  can  undergo  the  enol  formation,  we  may 
find  out,  by  studying  the  optical  activity  of  various  amino-acids  pro- 
duced from  protein  by  acid  hydrolysis  after  the  protein  had  been  treated 
with  dilute  alkali,  which  of  the  acids  have  been  raccmizcd  and  which  not 
Those  which  were  racemized  must  have  liad  their  carboxyl  groups  bound; 
those  whicli  were  not  probably  had  their  carboxyls  free. 

Amounts  of  various  amino-acids  in  different  proteins. — The  vari- 
ous proteins  differ  in  the  amounts  of  the  different  amino-acids  which 
they  yield  on  hydrolysis.  While  it  is  not  yet  possible  to  determine  many 
of  the  amino-acids  quantitatively,  yet  this  is  possible  for  some  of  them 
and  approximations  may  be  made  for  the  others.  The  quantitative  deter- 
mination of  arginine,  lysine  and  histidine  in  a  mixture  of  amino-acids 
can  be  made.  The  protein  is  hydrolyzed  by  prolonged  cooking  with  10 
per  cent,  sulphuric  acid  or  concentrated  IICl  and  the  bases,  after  sepa- 
ration of  the  humus  materials  by  filtration  and  derolorization  with  char- 
coal, are  precipitated  by  phospliotungstic  acid.  The  further  separatioD 
of  the  three  acids  is  accomplished  by  the  different  solubilities  of  tho 
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^ver  salts  on  adding  liariiun  liydrale  U>  neutral  aiid  alkaline  reaction. 
the  detailed  method  is  given  elsewhere.  The  otlicr  amino-acids  are 
rparatcd  by  Fisclior's  method  of  hydrolyzing  with  conccntraWd  hydro- 
|iiloric  acid.  On  saturatioi;  the  filtorod,  coacentratod  reaction  mixture 
^tb  hydrochloric  acid  rhj  and  atloiriuK  to  stand  in  tho  cold  much  of  the 
putamic  bydrocblorid«  will  usually  er^'stallize  out  and  may  be  sepa- 
ited.  Th«  flUrate  from  this  acid  is  mixed  vith  absolute  aletdiol,  repeat* 
Ily  evaporated,  dissolved  in  absolutA  alcohol  and  the  ethyl  esters  formed 
passing  in  dry  iiydroehlorie  aoid  gas.  On  standing  the  hydrochloride 
the  ester  of  (flycocoU  may  crjt'stallize  out.  The  reaction  involved  is 
Qto  formation  of  the  ctliyl  esters  of  the  amino-actds  and  is  as  follows: 

The  < 


NH. 


H^NHCl 


H    H 


H— fc— C— OU+nCI  +  CHOH    =    H— C— C— O— i— «!— H +H  0 
Olyoocoll.  Aloahal.  Gljoocol I -Hhy letter  hydrocbloride. 

he  Other  esters  are  freed  from  the  hydroehloric  acid  by  eareful  neu- 
bralization ;  tlie  esters  are  removed  by  shaking  out  in  other  and  they 
.re  separated  into  several  fractious  by  fractloual  distillation  at  diifer- 
t  temperatures  in  a  good  ^-aeuum.  From  these  fractions  the  various 
ino-acids  may  bn  scpnrat'cd  moru  or  loss  completely.  Although  tho 
lethod  of  determining  the  amounts  of  tlie  various  amino-acids  ar«  thus 
ot  quantitative,*  the  results  obtained  from  different  proteins  by  skilled 
and.s  are  comparable  and  Uie  eompoaition  of  the  amino-aeid  mixture 
blained  by  hydrolysis  of  difft'rent  proteins  may  be  compared.  The  ester 
lethod  is  aceompanied  by  many  lossni.  so  that  rlie  Bgiires  which  follow 
pn'flGUtinjT  the  amount  nf  amino-arids  olilainod  from  dilTuront  proteins 
this  mrlhnd  arc,  for  all  except  histidino,  urginin<-,  lysine,  tyrosine  and 
ine,  to  he  r»i;ardod  as  approximate  and  minimum  values  only.  But 
he  tosses  in  experienced  hands  are  probably  about  the  same  for  each 
tein,  the  fipurea  pve  Bt  least  a  general  idea  of  the  amount  of  amino- 
|ds  Uius  obtained  and  indicate  clear-cut  and  important  differences  in 
composition  of  the  dilTorent  proteins. 

'  Tilt  diirt  iourvca  of  loss  in  the  mrttiod  are:  1.  Inoomplrtc  liydrolyalt.    Uany  i>( 

IprtpUiU  liiikinc*  are  ven-  n-nitttnt  t»  nriil  hydroIyHiM  Hnil  mnny  hniini    (S4  or 

h)    kcftUng  with   i&%   hj-dixwliloric   noid   «r«   riviuircJ   b«r»r«  hyJrolrM*  is  «onf|l 

2.  Tbc  fonnatioD  of  humna  aiibtitancca.     Thtac  are  chicflj-  due  to  deoonf 

DOS  of  th<  curfeohyilrittr  grDnp.  when  Mieh  i»  prcacnt,  and  of  tryptophane  nnd 

kiit«.    Protains  whicli,  tike  kHt,  rantnin  little  of  tlirac  rufllcala  do  not  form  bindc 

•ubttmims.    3.  A  Imt  fii  eilt-rilleaUon.    4.  A  loss  in  dlsttllallon  ol  the  esters. 

Itiltins  off  tlic  et(i*r,  kii«in9,  nianinf  (mJ  (['.'"'?'»<*  1'  ''■tir*  ge>  owr  in  jmrt  Mad  «ro 

lllj  V>tL    Tlirre  in  alxo  nomp  drffimpnnttion  diiritiK  ilititillnUan.     5.  Ixinteft  in 

^fng  Uio  ftrainAaHd*  in  h  crj-tiliilHnp  form.     From  known  mixture  of  amino- 

>bomo  and  Jonra  couM  n«iircr  \yy  titit  nifttlioil  ontj  60.17%. 
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While  all  proteins  yield  amino-acids  tlie  relative  amounts  of  the 
different  ones  varies  in  each  protein.  Thus  saliuin,  a  protamine  found 
iu  the  head  of  the  salmon  sperm,  ji«ld3  argiiiim:  to  over  85  per  cent, 
of  its  weight;  others  yield  Inrgc  amounts  of  leucine,  or  glyeovoll  or 
glutamic  acid;  some  yield  no  tyrosine,  or  cystine,  or  tryptophane.  The 
proteins  differ  from  each  other  chemically,  tliorefore,  in  the  amount  of 
the  different  amino-acid  nuclei  they  contain. 

PBOT&KINES  COHPOSITIOR. 
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In  the  accompanying  tables  it  will  be  noticed  that  the  different  pro- 
tejua  have  a  widely  differeut  composition.  Thus  the  proteins  of  silk  have 
half  Uieir  molecule  composed  of  glycocoU  and  alanine ;  whereas  in  salmin 
87  per  cent,  of  the  molecule  is  arginine.  The  alcohol  soluhle  proteins 
like  win  contain  very  large  amounts  of  proline  and  glutamic  acid.  Tyro- 
une,  tiyptopbaDC  and  other  amino-acids  arc  present  hi  some  and  absent 
in  othere.  The  amount  of  ammonin.  which  is  obtained  by  distilling  the 
weakly  alkaline  solutions  of  tlie  hydrolytic  products  is  seen  to  be  roughly 
parallel  to  the  amount  of  glutamic  acid  tn  the  molecule,  those  proteins 
like  gliadin  having  a  largi;  iimoiint  of  glutamic  acid,  have  also  a  large 
amount  of  ammonia,  whereas  the  protamines  which  lack  glutamic  acid 
in  their  molecules  have  no  ammonia.  This  fact  means  that  glutamic  and 
possibly  aspartic  acids  Lave  an  amide  group  in  the  free  e^rboxyl.    Atton- 
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tion  may  be  directed  alfio  to  the  fact  that  proteins  corresponding  in  kind 
in  related  seeds  have  very  similar  but  not  identical  compositions.  The 
legumin  of  the  vetch  and  the  pea  illustrate  this  fact.  The  protamines  are 
the  proteins  which  have  the  fewest  different  amino-acids  in  their  mole- 
cules ;  and  those  acids  which  are  present  are  chiefly  basic  acids. 

The  total  amount  of  the  amino-acids  found  rarely  equals  100  per 
cent,  of  the  protein  molecule.  It  is  in  fact  seldom  more  than  two* 
thirds  of  the  protein.  Salmin  alone  yields  110  per  cent,  of  amino-acids. 
The  weight  of  the  amino-acids  recovered  is  greater  than  the  weight  of  the 
salmin  hydrolyzed,  for  the  reason  that  a  molecule  of  water  has  been 
added  between  each  two  amino-acids  in  the  process  of  hydrolysis.  Were 
the  methods  of  determination  accurate  all  the  proteins  should  show  more 
than  a  hundred  per  cent,  of  the  weight  of  the  protein  as  amino-aeids. 
The  30-40  per  cent,  of  the  protein  molecule  not  accounted  for  in  most 
proteins  might  bo  due  to  the  losses  in  analysis,  or  to  the  presence  of  other 
unknown  amino-acids  in  the  decomposition  products.  It  is  the  opinion 
of  Osborne,  who  has  particularly  studied  this  question,  that  the  defi- 
ciency is  chiefly  due  to  the  losses  in  analysis,  since  from  a  known  amoont 
of  amino-aeids  he  could  recover  only  about  60  per  cent.  It  is  probable 
also  that  there  are  some  unknown  amino  or  other  acids  in  the  residue. 
There  are  reasons  for  thinking  that  some  of  the  sulphur  may  be  in  another 
form  than  cystine. 

The  structure  of  the  protein  molecule. — Since  all  methods  of 
hydrolysis,  whether  by  water,  by  the  mild  action  of  enzymes  at  body  or 
room  temperature,  by  acids  and  alkalies,  yield  amino-acids,  it  is  safe 
to  conclude  that  these  nuclei  are  not  secondary  products  of  decompoBi- 
tion,  but  that  they  pre-exist  in  the  protein  molecule.  That  the  proteins 
are  indeed  made  up  of  amino-acids  linked  through  the  carbosyl  group  of 
one  acid  and  the  a-amino  group  of  another  is  now  certain.  This  reeult 
is  largely  due  to  the  work  of  A.  Kossel  on  the  composition  of  the  ba«e 
proteins  found  in  the  cell  nuclei  of  the  sperm  of  the  salmon  and  sturgeon. 
Kossel  discovered  that  the  protamine,  salmin,  a  strongly  basic  protein 
which  can  bo  separated  from  the  head  of  the  salmon  sperm,  yielded  on 
hydrolysis  nearly  90  per  cent,  of  its  weight  as  the  single  amino-acid 
arginine ;  in  the  case  of  the  sturgeon  protamine,  sturin,  two  other  amino- 
acids  were  present,  namely  lysine  and  histidine.  From  this  and  other 
considerations  he  drew  the  conclusion  that  the  proteins  were  made  up  of 
amino-acids  linked  through  their  amino  and  carboxyl  groups,  many  of 
them  at  any  rate  having  a  protamine-like  nucleus  to  which  the  different 
amino-aeids  were  attached,  the  number  and  kind  of  these  amino-acids  be- 
ing variable  in  different  proteins.  This  conception  allieil  the  proteins  to 
the  scheme  of  the  carbohydrates.  In  this  view  proteins  corresponded  to 
the  polysaccharides ;  the  amino-acids  to  the  various  monosaccharides ;  and 
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Kossel  named  those  amino-aeids  with  six  carbon  atoms,  namely  histidine, 
lysine  and  arginine,  '*  hexone  bases  "  to  bring  out  this  similarity.  By 
the  work  of  Emil  Fischer  and  Curtius  this  conception  of  the  constitution 
of  proteins  was  proved  to  be  correct  by  the  synthesis  on  the  basis  of 
Kossel 's  theory  of  various  bodies  of  a  protein  nature. 

The  amino-acids  are  linked  together  in  the  protein  molecule  in  the 
following  way  through  their  amino  and  carboxyl  groups.  The  union  of 
a  molecule  of  alanine  with  one  of  leucine  may  be  pictured  as  follows ; 

\/ 
H     C— H 

+  _ 
0  =  C— OH 


Alanine.  Leucioe.  Alan;  1- leucine. 


This  leaves  a  free  amino  group  at  one  end  of  the  chain  and  a  free  car- 
boxyl  at  the  other,  at  which  other  amino  groups  can  be  attached.  A 
series  of  amino-acids  put  together  in  this  way  to  form  a  polypeptide  as 
it  is  called,  in  this  case  a  deeapeptide,  is  shown  on  page  132. 

The  resemblance  of  this  union  to  that  of  the  polysaccharides  is  very 
close.  By  looking  at  the  formula  of  the  disaccharide,  maltose,  on  page  57, 
it  will  be  seen  that  the  two  monosaccharide  molecules  are  attached  to 
each  other  through  an  oxygen  atom.  The  carbons  of  the  different  mono- 
saccharide groups  do  not  unite  directly  with  each  other.  In  the  formula 
of  a  polypeptide  just  given,  the  different  amino-acids  are  united  through 
a  nitrogen  atom.  The  carbons  of  the  raonopeptides  do  not  unite  directly 
to  make  a  polypeptide,  any  more  than  do  the  carbons  of  the  moaosae- 
eharides  to  make  a  polysaccharide.  A  further  resemblance  lies  in  the 
fact  that  in  each  case  the  synthesis  involves  tlie  loss  of  a  molecule  of  water 
between  each  two  monopeptide  groups,  or  monosaccharide  groups.  The 
main  difference  apparently  lies  in  the  fact  that  there  are  a  far  larger 
number  of  amino-aeids  used  in  the  synthesis  of  the  proteins,  or  polypep- 
tides, than  of  monosaccharides  to  make  polysaccharides.  No  protein  has 
as  yet  been  discovered  which  yields  only  a  single  amino-acid,  although 
salmin  yielding  88  per  cent,  of  arginine  does  not  come  far  from  it.  Inulin, 
however,  is  supposed  to  yield  only  levulose  when  it  is  hydrolyzed ;  and 
glycogen  is  supposed  to  yield  only  glucose.  Many  of  the  other  carbo- 
hydrates, however,  are  composed  of  several  different  monosaccharides. 
No  doubt  as  means  of  separation  of  the  monosaccharides  improve,  it  will 
be  found  that  the  polysaccharides  contain  more  kinds  of  monosaccharides 
than  is  at  present  believed. 

The  evidence  that  the  amino-acids  in  the  proteins  are  linked  through 
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le  amino  and  carboxyt  groups  is  tlie  fact  that  they  have  been  ayn- 
pUiesized  into  protein-iike  bodies  by  such  union,  and  the  further  fact  that 
the  uiuuber  of  the  free  amino  and  carboxyl  groups  iu  a  protein  molecule 
id  very  amali,  showing  that  both  amino  and  carboxj-l  groups  ar« 
eombiQcd. 

Synthesis  of  the  proteins. — The  synthosis  of  protein-like  substances 
from  the  ainino-acids  has  been  accomplished  in  several  ways.     1.  By 
dcliydration.    By  heating  leucine  and  glyeocoll  in  the  presence  of  phos- 
phorus pentoxide  Grimaux  and  later  Pickcriug  obtained  colloidal  bodies 
with  mauy  of  the  properties  of  the  proteins.    2.  By  the  condensation  of 
glyeocoll  Curtius  obtained  a  base,  tlie  biuret  base,  which  is  now  known 
to  be  triglycyl-glyeino  ethyl  ester.    3.  The  first  sjslcmotic  attempts  at 
^nlhesig  which  were  sueeessful  were  those  of  Kmil  Fischer  on  the  basis 
of  KosRcl's  theory  of  the  nature  of  the  protein  molcculo,  and  these 
attempts  have  led  to  the  successful  synthesis  of  a  great  number  of 
artificial  polypeptids,  some  having  the  general  nature  of  the  albumoses, 
being  digestible  by  tr>'paiu  aud  ercpsin  aud  giving  the  eolur  rcactioua 
^of  tlic  proteins.    The  methods  used  in  the  synthesis  are  as  follows: 
H       The  carboxyl  and  amino  groups  arc  not  of  tlutmselvcs  siiltlBicntly 
reactive  to  combine  rapidly,  more  rapidly  than  tJicy  disAocialc.    It  is 
nccesRary  to  mabe  one  of  them  at  least  more  reactive,  so  that  the  velocity 
of  tho  reaction  which  is  leading  to  their  synthesis  is  greater  than  the 
velocity  of  their  deeoraposition  by  hydrolysis.     Tliis  greater  reactivity 
^w  secured  for  the  carboxyl  group  by  substituting  the  liydroxyl  with 
Kchlorine,  to  make  tlie  acid  chloride.    This  can  be  done  by  treatment  ot 
the  amino-acid  by  phosphorus  pentaehloride.    There  is  tints  formed  from 
^  alanine,  or  glycine,  the  hydrochloride  of  the  acid  chloride: 

^P        This  will  now  unite  with  a  molecule  of  an  amino-acid,  or  a  polypeptide, 
liberating  hydrochloric  acid  thus: 


CH 


C— NH  IICl 

■     I  ' 

o  =  c— CI 


CH 
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NH  HCI         4- 
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CH 


E 
.— C— NH.BCI 


CH. 


,—t—Cl—  H— U— C— H 


0  =  i 


AkByl  cU«r«tc 
lijdroditoridr. 


o  =  c— on 

Alanine. 


_X_<!_H 
0  =  C~0] 


-fHCl 


Alanjrl-alanine  hydrochlorWe. 


By  treating  the  alanylalaniue  with  phosphorus  pentaehloride  it  may  lie 
converted  into  the  achl  chloride  in  its  turn  and  it  will  then  unite  with 
the  amino  group  of  some  other  amino-acid,  for  example,  leucine: 
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H  H 

CH^_i_HH^HCI     CH^                 "^^^s^,^,      CHj— C— NH^HCl     CH^   CH^C,H, 
0  =  C N C— H     +  CH  0  =  0— N C— H     CE 

i    I  1  All 

0  =  0— CI  HN— C— H     ^  o  =  C— N-C-J 

II  HI 

H   OC— OH  0  =  C-(1 

Alanyl-alanine  chloride.  Leucine.      Alanyl-alanj'l-Ieuciiie  hydroch^oiik 

Two  tri-peptides  or  even  more  complex  peptides  may  in  this  w^ 
condensed  into  a  hexa-  or  other  poly-peptide. 

Another  method  used  by  Fischer  consisted  in  adding  an  aminfrM 
to  the  amino  group  of  the  terminal  acid  of  a  peptide,  using  a  bromai 
substitution  product  of  a  fatty  acid  chloride ;  and  then  after  union  li 
the  amino  group  replacing  the  bromine  by  an  amino  group  by  treitii 
with  ammonia.  The  process  is  then  repeated.  Sappcae  it  is  desired 
make  an  alanyl-lcucine.  The  leucine  is  treated  with  hrompropiafl 
chloride  and  then  the  reaction  product  with  ammonia  as  follows: 
H  CH    c  H,  H 

CH^— C— Br     +  CH  CH^— C— Br  cfH  +Ba 

0  =  C— CI  H N— C— H      = 


BrompTopionyl  Leucine.  BrompropionyMeucine. 

chloride. 

2.     CH  — CHBr— CO— NH— CH(C^I1,)— COOir  +  NH^  = 

'  CH^*— CHNHj— CO— NH— CH  { CJl^ )  — COOH  +  i 

Brom  prop  ionyl -leucine.  Alany  l-leucine . 

The  process  may  now  be  repeated  with  the  alanyl-leucine  and  eitbi 
brompropionylchloride  or  some  other  similar  compound  may  be  nnitt 
to  the  di-peptide  and  converted  into  the  amino  compound  by  the  actiH 
of  ammonia.  So  a  tri-peptide  may  be  made.  By  the  use  of  these  methfi* 
a  great  number  of  artificial  polypeptides  have  been  made  by  Fiscbft 
Abderhalden,  Curtius  and  their  co-workers.  One  of  the  most  cool 
of  these  polypeptides  contained  18  amiuo-acid  groups,  namely  three  1» 
cine  and  15  glycocoll  groups.  It  was  l-leucyl-triglycyl-l-leucyl-triglyl' 
1-leucyloctoglycylglyeine.      Nn„CH(C,H„)CO.(NHCH,CO),.NHCB(<i 

nB)co.(NHCHxo)3.NiiCH(c,n„)co.(iNncnxo)sNHCH,cooa 

These  complex  artificial  polypeptides  have  the  properties  of  the  * 
rived  proteins.  They  are  like  albumoscs.  They  give  the  biuret  and  oS* 
reactions  of  the  proteins,  which  are  given  by  the  various  amino-8cid»* 
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which  they  may  hav«  b«en  compose^i,  such  as  Iho  tyrosine  or  tryptophane 
reactions.  They  are  precipitated  by  mercuric  chloride  and  phospho- 
tungstie  acid.  And  some  of  them  are  digestible  by  trypsin  and  erepsin. 
They  are  optically  active,  also,  like  tlic  natural  bodies.  One  of  thera 
produced  an  anaphylaxis  reaction.  It  lias  not  yet  been  possible  to 
form  a  pi-otein  which  is  coagulated  by  heat;  nor  has  any  artificial 
proteiu  been  mode  which  is  identical  with  the  naturally  occurring  pro- 
teins. On  the  other  hand,  mauy  of  the  di-  and  tri-peptidea  which  appear 
in  the  artificial  hydrolysis  of  the  naturally  occurring  proteins  have  been 
synthesixcd  artificially.  The  final  syntln-sis  of  the  natural  proteins  is 
probably  only  a  question  of  industry  and  time. 

Other  Unkings  in  the  molecule. — It  must  not  be  supposed  that  the 
NB — CO —  grouping  is  tlie  only  method  of  linking  smino-acids  in  the 
proteiu  molecule,  although  it  is  undoubtedly  the  principal  one.  Another 
is  certainly  by  means  of  the  cysteine  sulphur.  This  union  is  brought 
about  by  oxidation  uud  released  ugaia  by  reduction.  This  linking  may 
I  be  of  great  imponancc  in  determining  the  reactivity  of  living  proto- 
plasm, since  oxidations  and  reductions  are  constantly  taking  place  in  it. 
Thus  if  two  molecules  of  cysteine  are  oxidized,  and  in  neutral  or  in  the 
I  faintest  alkaline  reaction  the  oxidation  goes  spontaucously  very  rapidly 
\va  the  air,  they  are  converted  into  (me  molecule  of  cystine. 
The  reaction  is  as  follows: 


H  H 

HC— sn  HS— C— H 

BCail^  +    »-'    +    HCNII^     = 

tOOH  COOH 

CfsUinfl.  Cyitvtne. 


U 
HC— S- 


.i 


acNU 


-H 


.1. 


COOH  COOH 


I 


It  is  possible,  although  it  has  not  yet  occn  shown  to  be  the  caac,  that 
if  two  proteins  each  containing  cysteine  are  oxidized,  a  more  complex 
cystine  protein  would  be  Uic  result.  By  reduction  this  could  be  bnAen 
up  again.  There  seems  to  bo  evidence  from  certain  color  reactions  with 
ium  nitro-prusside,  with  which  cysteine  gives  a  beautiful  red  color, 
that  some  natunil  proteins  contain  cy.sleiue,  while  others  contain  cys- 
tine. It  would  seem  not  impoKxibltt  Ihat.  tliui  union  might  join  mole- 
cules of  protein  into  more  complex  groups;  and  possibly  the  fibers  of 
the  aster  in  cell  division  iniRht  be  formed  in  this  way.  The  author 
found  that  these  fibers  would  only  form  in  Uie  si^a-urchin  egg  in  the 
preacDce  of  oxygen  and  Ihcy  at  once  broke  up  and  disappeared  when 
oxygen  was  witlidrawn  from  the  egg.  At  any  rate  we  have  in  the 
'•t«ino  sulphur  one  of  the  most  reactive  points  of  Uie  protein  mole- 
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eule.  Heffter  and  the  writer  have  particularly  tried  to  bring  it  into 
relationship  with  cell  processes.    The  union  is  as  follows: 

R— CH  — S-^— CH  — R' 

It  would  seem  that  the  protein  with  cysteine  in  the  molecule  might 
change  its  state  of  solution  when  it  became  cystine,  and  this  might 
alter  the  state  of  viscidity  of  the  protoplasm,  or  possibly  even  ita 
aiBnity  for  water. 

Another  linking  which  is  posaihle  is  an  ester  union  through  the 
hydroxyl  of  the  serine,  or  oxyproline,  or  tyrosine  with  earboiq'L 
Whether  such  unions  exist  ia  still  unknown.  Another  linking  is  that 
typcfied  by  guanidine  and  ornithine  in  forming  arginine.  The  linking 
is  of  the  following  kind:  NH^CCNHJ— iVH— CH,— E.  So  far  as  is 
known  this  union  occurs  only  in  arginine. 

This  part  of  the  subject  should  not  he  left  without  reference  to 
another  very  suggestive  fact.  None  of  the  artificial  polypeptides  are 
digestible  by  pepsin,  though  many  of  tlicm  digest  with  trypsin  or 
erepsin.  This  matter  is  discussed  on  page  404.  This  fact  may  mean  that 
there  are  other  kinds  of  unions  between  the  polypeptide  groups  which 
gc  to  make  up  tlie  protein  molecule  than  unions  between  the  amino  and 
earboxyl  groups  as  just  stated.  Pepsin  might  act  on  these  unions.  On 
the  other  hand,  it  might  be  that  the  failure  of  pepsin  to  digest  the 
protamines  or  the  artificial  polypeptides  was  owing  to  the  fact  that  the 
.  pepsin  acts  only  on  certain  specific  amino-acid  junctions  and  that  we 
have  not  yet  happened  to  test  these  particular  junctions  with  the 
enzyme.  The  fact  that  during  peptic  digestion  the  free  amino  groaps 
increase  in  numbers  (page  362)  bears  out  tlie  latter  supposition. 

A  very  curious  relationship  has  recently  been  found  by  Koaael  in 
the  protamines  of  the  fish  sperm  and  may  bo  mentioned  in  this  connec- 
tion. He  finds  that  in  these  proteins  there  are  always  approximately, 
or  exactly,  two  molecules  of  a  basic  amino-acid  like  arginine,  histidiae 
or  lysine,  to  each  molecule  of  a  mono-amiuo  acid.  This  fact  sug^ceetB 
that  possibly  the  protamine  may  be  made  of  a  series  of  tri-peptides. 
Similar  tri-peptides  have  been  isolated  by  Siegfried  in  the  course  of  the 
slow  hydrolysis  of  various  proteins  and  called  by  him,  kyrins.  It  has 
been  suggested  by  Taylor  that  the  protamine,  salmin,  may  be  made  xxp 
of  these  tri-peptides,  or  protones,  united  as  follows: 


(  Arginine  1      I  Arginine 

Serine     \  —  \    Strme 

Arginine  !      !  Arginine 


r  Arginine 
_;    Proline      _ 


Arginine  1  '    f  Arginine  1 
Proline    ;-  ^     Proline      _. 


Arginine!        Arginine!      I  Arginine 


Arginioa 
Valrn* 


Arginine 


The  first  cleavage  of  the  molecule  by  Iiydrolysis  would  consist  in  the 
setting  free  of  the  tri-peptides  which  would  then  be  separately  brokffl 
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lip.    This  vien*,  while  it  is  in  coasonaace  with  many  facts,  cauuot  yet  b« 
aaui  to  be  woll  grounded. 

Number  of  free  amino  and  carboxyl  groups  in  proteins. — That  there 

are  only  a  few  fre«  amino  groups  in  the  protein  niolwule  is  sliown  by  a 

variety  of  nuictions.    Aciils,  for  example,  combine  with  the  amino.  Nil,, 

nips,  but  not  with  the  imitio.  Nil — ,  ^oups;  or  if  they  unite  with 

he  latter  the  union  is  a  very  weak  one  and  dissociation  occurs.     The 

basicity  of  the  group.  NU — ,  is  no  doubt  reduced  by  the  ueigbboring 

IC=0  gi'oup.  At  any  rate,  the  acid- combining  power  of  the  protein 
piale<:ulti  is  generally  only  two  to  four  moleinilcs  of  liydrotililorie  aeid 
to  what  we  believe  to  he  a  single  molei-ule  of  protein.  Thus  cdcstin,  a 
erj'stalline  protein  from  hemp  Heed,  forms  two  series  of  salts,  a  moiio- 
and  a  di-chloride  (Osborne).  As  digestion  tabes  place  and  the  amino 
groups  become  free,  the  power  of  taking  up  acid  greatly  increases.  Kosael 
has  shown  that  the  amount  of  acid  taken  up  by  pi'otamine  is  in  direct 
relation  to  the  amount  of  llic  free  amino  grou|>s  it  has.  In  general,  pro- 
eins  with  more  lysine  and  argiuiue  combine  with  more  acid.  This  indi- 
eatiis  that  one  of  the  amino  groups  in  cjich  of  tlu^se  acids  is  luicuiiibitied 
the  Bioleeule;  in  other  words,  that  only  the  w-ainino  group  is  bouml 
both  arginyl  and  lysyl. 

Another  proof  that  there  are  few  free  amino  groups  is  the  power  of 
inion  with  formalin.    FormoL  unites  with  the  free  amino  {n^ups  to  form 
rater  and  methylene  addition  products  (see  page  121).    It  does  not  react 
ritb  the  imino,  Nil,  groups.    Now  it  is  found  that  the  amount  of  for- 
laliu  bound  or  taken  up  is  small  in  tlie  inlac-t  proteins,  but  undt-Tgoes 
steady  inerease  as  liydrolysis  progii!(«i!s.    lutleed  by  means  of  foriiiol 
titration  the  progress  of  a  hydrolysis  can  he  most  easily  followed.     It  is 
ffonnd   that  the  rale  ot  incrca-se  of  the  iiciil-comhinirig  power  and  of 
formalin  binding  in  such  a  hydrolysis  go  parallel.    Still  anollntr  methml 

Pfor  the  detection  of  the  amount  of  free  amino  gi-oups.  and  from  a  quau- 
titativc  standpoint  perhaps  tJie  bvst,  is  tlie  m«thod  o(  Van  Slyke,  whifh 
depends  on  the  fact  tliat  nitrous  acid  reacts  with  free  amino  groups 
|m  liberating  nitrogen  gas  which  can  bo  eoUeclctl  and  measured  (for  roae- 
Btion  see  page  123).    It  in  found  that  the  anionut  of  uilrogt-u  doplaecable 
Hjrom  a  protein  by  nitrous  aeid  is  a  very  small  fraetion  of  the  total 
^nitrogen,  bat  tliat  as  hydrolysis  prcKNH;iIs  and  the  amino  gronjis  ht'come 
free,  the  amount  steadily  inercusns.     All  of  thesi;  m«;t.hodK,  Iiii;n.  jirovc 
beyond  qoestion  that  the  amino-acids  have  most  of  their  amino  groups 
combined  and  that  they  arc,  tiiereforo,  pi-obably  linked  through  the 
amino  groups, 
^b      That  the  carboxyl  groups  also  are  in  eombinatiou  in  the  protein  and 
"few  of  Ihem  free  is  shown,  iu  lliii  fii-sl  instance,  by  the  fact  that  the 
>ovtrer  of  tlie  protein  to  combine  with  alkali  inei^asus  as  the  hydrolysis 
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proceeds.  It  may  be  shown  also  hy  the  method  of  Dakin.  By  the  action 
of  dilute  alkali  on  protein  a  decrease  in  the  rotatory  power  resulta  and 
tJic  subsequent  acid  hydrolysis  of  the  protein  thus  acted  upon  yields  the 
raeemic  form  of  nearly  all  tbe  aminoacids  (page  126),  There  are  only 
ft  few  amiuoacids  in  such  hydrolywa  which  have  rot  been  racomiawd  by 
the  altali.  Now  since  the  acids  liaving  free  carboxyl  groui>s  do  not 
racemize,  the  fant  that  mast  of  them  are  raceniiKcd  by  alkali  treatment 
of  the  proteins  sbows  that  the  great  majority  of  the  earbosyls  must  have 
been  united  with  sometliing  in  the  molecule. 

Since  the  e:reat  majority  of  both  the  carboxyl  and  amino  groups  of 
the  protein  molecule  are  combined,  it  is  probable  that  tliey  have  com- 
bined with  each  other. 

Molecular  weight  of  the  proteins. — AVe  may  now  asli  the  qacstion 
how  large  is  the  molecule  of  protein  T  Uow  many  of  these  amino-«cid8 
does  a  molecule  have  in  itf  This  is  a  veiy  difBcult  question  to  answer 
for  the  majority  of  the  proteins,  but  for  a  few  of  them  it  may  be 
answered  with  a  considerable  degree  of  probability.  Tliere  is  no  doubt 
that  the  molecular  size  of  the  great  majority  of  the  proteins,  of  all  the 
natural  proteins,  is  very  large.  This  is  sliown  by  tJie  fact  that  they  will 
not  diffuse  through  parchment  paper.  Tbcy  are  colloidal  in  aqueous 
solution.  This  means  that  the  diameter  of  their  molecules  is  certainly 
more  than  1/'M.  Even  protamine,  which  is  in  many  ways  the  simplest  of 
tlic  proteins,  is  colloidaL  It  might  be,  however,  tliat  the  proteins  were 
colloidal  in  water  but  not  in  other  solvents.  Soap  is  colloidal  in  water, 
but  not  in  alcohol.  The  molecular  size  of  the  proteins  in  other  solvents 
Iban  water  has  hardly  been  investigated.  It  is  possible  that  in  water 
several  simjile  protein  molecules  might  aggregate  by  processes  known 
as  association  to  form  large  complc-ccs,  just  as  mau>'  simple  substances, 
each  as  alcohol  or  acetic  acid,  associate  to  form  doable  or  triple  mide> 
eulM.  The  molecular  size  of  the  proteins  dissolved,  for  example,  id 
fonnomide,  if  Uiey  will  dissolve  in  it,  should  be  investigated.  Wliile 
it  is  possible  for  tlie  reasou  ju»<t  stated  that  the  large  molecular  size  of 
the  proteins  when  dissolved  in  water  does  not  necessarily  mean  that  the 
individual  moIw!uIcs  of  the  protein  arc  large,  there  are  other  reasons 
which  make  such  a  conclusion  practically  inevitable.  There  are  se^junl 
different  ways  In  which  the  molecular  weight  may  be  determined 
by  indirect  and  direct  methods.  Tho  results  obtained  by  these 
methocls  are  in  very  good  agreemaut.  Wo  will  consider  the  indirect 
methods  first 

Calculation  from  the  sulphur  content.  The  crystalline  form  of  BST- 
eral  of  the  proteins  is  so  distinct  and  constant  that  we  may  aasame  that 
lliese  represent  chemical  individuals.  On  repeated  precipitations  they 
do  not  change  their  lo/rm  or  composition.    Many  of  these  proteins  ban 
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tfaa  nilpbur  largol/  in  the  form  of  cysteine.  Perhaps  it  Is  altogetlier  in 
that  form  in  Eome.  It  is  probably  present  in  other  forms  than  cysteine, 
perhaps  as  cystine  in  others.  If  thero  is  one  molecule  of  cystine  in  a 
molecnle  of  protein  thcro  must  be  two  atoms  of  sulplmr  to  each  protein 
Isnolecnle.  Two  atoms  of  sulphur  have  a  molecular  weight  of  64.  If 
there  is  1  per  (.-ent.  of  sulphur  in  the  molecule,  the  molecular  weight  of 
Biicli  a  protein  would  he  at  least  6,400.  If  there  was  0.5  per  cent.  S,  the 
molecular  weight  would  be  12,S00.  The  following  computations  of  ths 
mdeeular  weights  and  formiila.s  of  various  plant  and  animal  proteina 
were  made  by  Osborne  from  the  sulphur  on  the  basis  that  there  were  two 
or  more  atoms  of  S  to  the  molecule. 
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From  the  foregoing  figures  it  is  cloar  that  if  the  proteins  is  question 
individuals  their  moIfH'ular  weight  is  certainly  high.  In  the  case  of 
cmoglobin  it  will  be  seen  that  the  computation  of  the  molecular  weight 
on  the  assumption  tliat  there  is  one  molecule  of  cystine  gives  the  same 
result  for  horse  hemoglobin  as  the  assumption  of  one  atom  ot  iron  in 
the  molecule;  for  dog  hemoglobin,  however,  it  it}  itece^ary  to  ussumc 
that  there  are  three  sulphur  atoms  in  the  molieHini,  which  would  mean 
ono  molecule  of  cystine  and  one  molecule  of  some  other  sulphur  com- 
pound, possibly  c^-ateine.  The  molecular  weight  might,  of  course,  be 
gome  multiple  of  these  figures. 

Computation  of  the  molecular  weight  of  hemoglobin  from  the  oxygen 
compound.  That  the  molecular  weight  of  oxyhemoglobin  is  approxi- 
mately tliat  indicated  in  the  foregoing  tabic  is  shown,  also,  by  a  calcu- 
lation  of  tiie  molecular  weight  from  tlie  number  of  grams  of  oxygen  or 
mono^cidu  taken  up  by  a  gram  of  hemoglobin,  assuming  that  oaoh 
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molecule  of  hemoglobm  combinos  with  one  molecule  of  the  gas.  The 
moteoular  weight  o£  the  carbon>monoxide  hemoglobin  is  given  by  tb« 
ratio  28 :  X : :  a :  1,  where  a  is  the  weight  of  carbon  monoxide  combined 
with  one  gi'ain  of  c«rbon-niouoxidc  htMiioglobiu,  atid  x  the  molecular 
weight  of  the  hemoglobiu.  llttCuer  found  tliat  one  gi'aui  of  the  carbon- 
mffljoiide  hemoglobin  contains  1.338  cc  of  CO  computed  at  0*  and  760 
mm.  presflure,  or  .00107-15  gram.  From  this  the  molecular  weight  of 
the  carbon -moaoxide  hemoglobin  is  computed  as  16,669  (.0016745: 
1::28:  M).  This  figure  agrees  almost  exactly  with  tliat  eomputed  from 
the  sulphur  and  iron.  It  is  also  in  agreement  with  the  direct  deter- 
mination of  the  molecular  weight  made  from  the  osmotic  pressure.  Com- 
puting from  the  heat  of  formation  of  one  gram  oE  oxj- hernial obin  from 
honioglobiu  and  osygeo,  Barcroft  and  Hill  foiuid  the  molecular  weight 
to  be  15,200. 

Direct  determination  of  molecular  weight  hy  the  osmotic  pnssure 
method.  The  determination  of  the  molecular  weight  of  prot-'ins  cannot 
he  made  by  the  boiling-poiul  method  because  most  of  the  proteins  coagu- 
late or  change  on  boiling.  The  freezing-point  method  also  is  not  suffi- 
ciently accurate  for  sui;h  large  molecules.  There  are  two  methods  which 
may  be  used :  the  osmotic-pressure  method,  and  the  measuremcjit  of  the 
vapor  pi'essurc  at  lower  temperatures  than  boiling  by  the  method  re- 
cently introduced  by  Men/,ies.  The  detiiriiiination  of  the  molecular 
weight  of  liemoglobiu  has  been  made  by  measuring  tlic  osmotic  pressure 
of  solutions  of  known  strength  of  hemoglobin.  The  only  real  difficulty 
in  this  motliod  consists  in  getting  perfectly  tight  tiKtnibranes  which  are 
truly  semipermeable,  that  is  membranes  wliinli  readily  pass  the  solvent 
but  not  the  solute  through  them.  Ilitfucr  and  Gansser  used  the 
apparatus  in  Figure  14.  The  solution  of  hemoglobin  is  brought  into 
the  diifusion  sliell  of  Schleicher  and  SihuU  which  is  closed  and  con- 
neoled  with  a  mercury  manometer.  The  dilTusiou  shell  is  theu  placed 
ill  water  and  by  osmosis  the  water  enters  the  solution,  forcing  the 
mercury  up  until  the  pressure  becomes  so  high  that  it  presses  jiist  as 
much  water  out  as  tJiat  whieli  enters.  Tlie  principle  of  the  method  is 
that  a  solution  which  contains  in  a  liter  an  amount  of  the  substance  equal 
in  grams  to  the  molecular  weight  will  have  a  pressure  at  0*  of  22,41 
atmospheres.  A  half-moleculor  solution  which  hss  only  an  amount  of 
substance  equal  to  half  a  niolcL-utar  weight  has  half  (his  pressure,  and 
Ko  on.  It  is  only  necessary  theu  to  measui-e  the  osmotic  pressure  of  the 
hemoglobin  at  0*  or  some  other  temperature  to  find  what  fraction  this  is 
of  22.41  atmospheres  or  the  corresponding  osmotic  pressure  at  the  tem- 
perature employed  for  tha  hemoglobin,  and  divide  the  weight  of  hemo- 
globin dissolved  in  one  liter  of  solution  by  this  fraction  to  get  tlie 
molecular  weight.    The  formula  is  as  follows: 


M  = 
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22.41(l  +  0.00366t)760.c 
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In  this  formula  (l+0.00366t)  is  the  temperature  correction,  since  the 
osmotic  pressure  increases  with  the  temperature,  t  is  the  temperature 
at  which  the  determination  is  made ;  c  is  the  concentration  of  the  solute 
in  grams  in  one  liter  of  solution;  and  p'  is  the  osmotic  pressure  of  the 


Fio.  14. — Osmometer  for  delermlolng  the  oRmollc  prcBsurs  nf  oxyhemogloblu  BoluUoua 
(UQfner  and  GansBer).  a,  dlffustoa  cell  contalDlng  oiybeniogloblD  solatloo  run  Id  throutib 
t.  A,  and  r;  b,  manometei  for  meaaurtng  osmollc  presBure ;  w,  beaker  cODtainlDg  water. 
FlK.  II.  Detail  of  cock  o. 

solution  if  it  had  not  been  diluted  from  the  volume  v  to  v'  by  the 
entrance  of  water.  The  correction  is  of  course  a  small  one.  It  took 
several  hours  for  the  pressure  to  reach  its  maximum  and  it  remained 
at  this  maximum  for  several  hours.  Some  of  the  results  obtained  are 
given  in  the  following  table: 
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o  t         p         V        v*    p'zzpV/v      M       Kind  of  hemoglohiiL 

nun*  Bk-  n)>Tit  Bff* 

62.72     10"       62.7     23.6     23.6       62.97     14,780 

10         G8.6  £8.76     16,840      Horae  Hb. 


108.0  1  100.0  23.7       109.0  16,790 

109.2  1  114.0  llfi.O  16,110 

210.0  1  108.0  23.9       201.0  18,370 

216  0  1  224.0  227.8  16,210 


Ox  Hb. 


The  mean  value  of  all  the  determiuations  gave  for  horse  hemoglobin 
the  molecular  weight  of  15,115  and  for  ox  Hb  16,321. 

This  direct  deterinination  confirms  fully  the  determinations  by  the 
other  method  and  leaves  very  little  doubt  that  the  molecular  weight  of 
hemoglobin  is  really  about  16,693.  It  should  be  mentioned,  however, 
that  Weymouth  Reid  by  the  osmotic-pressure  method  got  48,000  and 
Roaf  32,000  as  the  molecular  weight  of  oxyhemoglobin.  It  is  probable 
from  these  numbers  that  in  both  these  cases  some  association  of  the 
hemoglobin  had  occurred  giving  Roaf  double  molecules  and  Reid  triple 
molecules.  16,693  is  the  minimum  molecular  weight  if  there  is  one  atom 
of  iron  to  each  molecule. 

But  while  these  results  are  so  concordant  and  striking  there  is  one 
fact  which  is  not  apparently  in  harmony  with  this  detenaination ;  or 
at  any  rate  it  is  as  yet  unexplained.  The  molecular  weight  of  casein 
when  dissolved  in  formamide  was  found  to  be  only  about  400.  In  the 
same  solvent  starch  had  a  weight  of  645,  corresponding  to  a  tetra- 
saccharide.  A  molecular  weight  of  400  would  be  a  tri-peptide.  Further 
investigation  of  the  molecular  weight  of  casein  and  other  proteins  in 
this  solvent  should  be  made.  In  water  there  is  no  doubt  but  that  the 
molecular  weight  is  far  higher  than  this. 

Bow  many  amino-acids  would  there  be  in  a  molecule  of  proteinf  If 
the  molecular  weight  of  casein  is  16,000  it  must  liavc  at  least  120  amino- 
acida  in  it  since  the  average  weight  of  a  molecule  of  amino-acid  is  about 
130.  Some  15  different  acids  have  been  separated  from  casein,  so  that 
on  the  average  there  would  be  about  seven  molecules  of  each  kind.' 
If  the  molecule  has  this  size  and  so  many  acids,  it  will  be  seen  that 
there  may  be  an  astonishing  number  of  caseins  possible.  They  might 
differ  from  each  other  in  the  order  or  the  amount  in  which  the  amino- 
acids  occur  in  the  molecule;  or  the  acids  might  be  isomers.  One  mi^t 
have  leucine  and  another  iso-lciicine.  In  fact,  the  number  of  amino- 
acids  is  so  great  that  by  modifying  the  proportion  of  tliose  present  in 
different  proteins,  or  by  modifying  the  arrangement  of  them  in  the  mole- 
cule, or  by  the  introduction  of  optical  isomers  practically  an  infinite 

'  Recent  indirect  determinations  of  the  molecular  weight  of  casein  by  Tib 
Slfke  indicate  that  the  molecular  xpcight  of  casein  is  about  half  tMi  amoim^  or 
about  8,000. 


nra  PROTEIMS 


143 


iber  of  combinations  is  possible.  It  ia  this  great  diversity,  combinol 
:  eoorse  with  the  diversity  iu  Die  lipins  and  carboliydratcs,  'which  has 
iade  possible  the  very  large  number  of  difTcrcnt  kinds  of  organisma 
m  the  earth. 

I    Cryitailiscd  proteinic— A  nry  int«rcBttiis  crjritullixrd  protein  has  ^st^!a  o\>- 

■Bed    (KMake  and  Knoop)    from  th«  milk  of  Antiarb   toxicaria,  tb«  poiwnous 

wf*A  tree  9i  JuTo*  by  extraction  with  8^  per  cent,  Hlcohol,  drying  the  extract  mid 

li«ti  oooldng  out  the  extract  wttb  0.8  per  e<!nL  «oi)tio  aiTid.    On  evaporiLtJiig  th« 

brnct  tliQ  prci>t«iu  cryatalU^cs  out  in  ncctllcfi  nnd  priwns.    ItpcrTstoliieed  from  Lot 

ter.  the  rry^lnls  »rp  *v<?iitiia)ly  obtiiin«d  ol  uniform  Bppi>iinui««  coataiiiiiig  15.73 

«at  ot  wiit«r.     'i"hc  nab'fii^0  ciyhtals  art  amnll,  solid  polylicdrH.     Tlicy  react 

i  En  eolutiflii.    Tht^y  icire  all  piot'iiii  iTJictlons  inrliidiRg  sulphur,  except  Mollsch. 

•  aalDtion  ia  not  pn^ipiUW  b^  picrie  or  nitric  ncida.  nor  by  rcrrocyniiide  and 

tk  acid,  but  is  prvcipitaleil  by  p)ioa|>hotuiif:t(tic  arid.     Pinsolrcd  in  glacial  aci'tifi 

d,  the  milMtanra  diowv  Uie  Tynilall  phcnoinenoD  of  scattering  a  beam  of  light. 

(s,  thoTcfore,  colloidal  in  this  Mlutioo.    Tho  rotation  ia  (a)^    = — 19.SG".    Th« 

ipositlon  wa«  C,  4S.02;  H.  5.71;   N.  lS.ft5;  8,  7.20:  O,  23.47.     It  cwntainB  mon 

Iphor  than  any  othtr  prot.-lu.     If  tSi^rc  U  only  ono  tuobcule  of  cyatjn«  prci-snt  In 

molecule,  the  mliilinuni  molfculur  weight  would  be  800.     It  certainly  jlclda  on 

Arolyaia  ejmine,  lyaino,  glycocoll,  nlnninp,  proline  and  vAtiiie. 


Computed  for 
Found 


[c  n  N  s  ti   t 

^     16     DO     in    1     is'n 


C  H         N        S         0 

<s.iJ;  S.03j  ISM;  7.16;  23.S0 
48.02;  6.71  i  ]6.«Si  7.20;  23.42 

ntpr  of  eryvtnllinition    fuunil   15.73  per  cnnt.     Computed  for  tlio  aboru  formtila 
iUi  iHI^O,   15.35  per  •xnU 

Distribution  of  nitrogen  in  the  protein  molecule. — The  niialysis  of 

a  proteins  by  hydrolysis  and  the  quantitative  isolation  of  the  various 

pnino-«cid»  ia  exceedingly  laboriou-s  and  requires  a  very  larjire  amount 

matcriid.    Sliorlnr  lafliicidH  have  been  devised  to  give  a  general  idea 

tho  nitrogon  liistribution  between  various  amino-acids  and  which 

e  applicable  to  os  little  raateriat  as  3  granw.    The  b«at  of  these  methods 

the  group  method  pcrfcotod  by  Van  Slyke.    The  total  uilrogeu  of  the 

iDlein    molecule  may    bo    divided    into   four    main    groups,    namely, 

pmonia  nitrogen,  amino  N,  imino  N  and  basic  N.    These  group.s  arc 

itermined  in  the  foUowiug  way:  I>uring  the  acid  hydrolj-sts  of  the 

Tottiins  the  acid  amide  nitrogen  ia  split  off  as  ammonia.    It  is  dctcr- 

Tiinod  by  gutting  rid  of  tlie  ai^id  of  the  Iiydrolyfiate,  making  tho  solution 

^intly  alkaline  willi  lime,  and  distilling  oft  the  NUj  under  diminished 

p«8san.    The  material  freed  from  ammonia  and  filtored  to  remove 

ae«SB  lime  and  some  molnnine  is  precipitated,  afler  aeidilicalion,  with 

lOsphotungBtic   acid.      Tiiis    precipitHtes    tho   him*:    amino-auids   and 

!«.    The  nitrogen  determined  in  this  precipital«  is  called  the  barac 

A  portion  of  the  filtrate  from  this  prccipit  at e,  afler  runioval 

exeoB  phoaphotuugstie  acid  and  neutralization,  is  treated  trith  nitrous 
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acid  by  the  Van  Slyke  rapthod.  This  liboratoa  iho  nitrogen  presant 
free  amino  groups.  The  nitr^eu  is  (!o1lcH.>tod  aad  int^asiirvd.  Thla  is  the 
amino  N.  It  comes  from  the  monoaniino  acids.  AnoUier  portion  of  the 
filfrale  has  the  total  nitrogen  iMermined  l),v  KJL'U]nhl  mid  liic  difference 
boUvofin  this  ami  thti  amino  nitro^n  ^Iyi-n  iho  iiuino  nitnigvn.  namely 
that  in  proline,  oxypralinu  and  V2  of  tryptophane.  The  m«lhod  has  been 
still  further  refined  by  Van  Sl.vke  to  permit  a  dotermination  of  the  dif- 
ferent baste  amino-aelds  and  some  of  iho  others.  Some  oC  the  rwults 
ho  has  obtained  in  the  oxamloalioii  of  different,  proteins  are  embodied  in 
the  accompanying  table.  The  nitrogen  which  is  evolvud  wlieji  non- 
hydrolyeed  proteins  are  treated  by  nitrons  acid  comes  from  the  f-amino 
group  of  lysine,  vrhicJi  i^  (hns  slmwn  to  he  froc  in  tin:  molecule.  The 
f«-amino  group  of  lysino  is  combincK). 

I'KK-KK-r.^OK   OV  THE    TOTM.  NtTlKKlE^f    OF   VaBIOUS   PMOrZIHe    PKESSnT    l:t    VaBIOCB 

Auir>o-Aoii>s   (Van  Slykt]. 
aiiadln     BilcaKn        HaJf       OdAlIn       TIbiln       nnnn-    ox  htm- 

Ammotiin    N    .                      ,  .  3£.52  9.09  10.05  S.SG  8.32        5,95  5.S4 

Mclsnio  N      .  n.fta  1.&8  7.42  O.07  3.17         IM  a.ll 

CyaUM  N   !.2ft  1.4B  fl.60  0.0 1  O.DO         0.80  O.t 

AiKinliw  N B.n  27.06  IC.33  U.70  13.86  1D.73  7.7 

tiUtidinn  X                              .  6.30  5,75  3.48  4.48  4,S3  13.23  12.7 

Ijniix'  N 0.75  3.86  5-37  6.32  11.51         »A9  lO.B 

Amino  N  of  the  filtnU 51.SS  47.55  47.S  60.3  5t..t  51.3  S7.0 

Non-amlno  N  of  the  flltnte 

(proline,  oxyprollno,  Vt 

tTrptophani*}  S,SO  1.7  3.1  14.n  2.7           3.fl  2.9 

Stim 119.77       B9,37       flS.HS       99.02       99.G8     I00,»5     100.l» 

Color  reactions  of  the  proteins. — The  pi'nteins  yield  colored  products 
vrhen  acted  upon  by  various  reagents,  and  these  colors  are  ntilixed  in 
detecting  the  presence  of  protein  matter  in  solutions  and  l)ody  fluids, 
and  in  determining  easily  the  presence  or  absence  of  sonic  amino-ncids 
from  the  moleeule.  The  most  characteriatic  of  lhc.>ie  reneiions,  that  is 
the  reaction  given  by  all  native  proteins  and  by  tho  larger  number  of 
the  derived  products,  is  the  biuret  reaction.  It  is  not,  however,  so 
ddieate  m  some  of  the  others. 

The  biuret  reaction.  If  a  solution  of  a  protein  is  matle  alkaline, 
preferably  by  sodium  or  potassium  hydrate,  and  a  drop  or  two  of  dilute 
cupric  milphate  solution  is  added,  well  mixed  and  allowed  I0  stand  at 
room  temperalurc.  or  if  it  is  gently  healed,  the  fli'jir  fluid  aliovo  any 
preeipilale  which  may  be  formed  has.  if  a  prol«in  is  prc*cnt.  a  violet 
tinge.  The  reaction  is  most  delicate  when  made  at  room  tcmporaturo. 
but  it  may  bo  hastened  by  beating,  only  in  some  cases  the  color 
is  destroyed  by  heat.  The  shade  of  the  color  varies  from  a  rcildish  violet 
in  the  ease  of  some  peptones,  or  simple  peplidos,  to  a  blue  violet  in  many 
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other  proteins.  SomcliiDcs  in  the  presence  of  certain  gams  which  are 
pTecipitated  by  the  copper,  the  color  may  l)e  on  the  precipitate,  bat  this 
Ib  the  oxceptioD. 

The  reai'lion  is  called  the  biui*et  reaction  for  tlie  reason  that  it  is 
given,  also,  by  biuret,  a  substanoe  NH, — CO — NH — CO — NH,  formed 
by  the  condensation  of  two  molecules  of  area  (hence  biurea,  or  biuret) 
with  the  elimiualion  of  anmionia. 

Biuret  is  easily  made  by  hunting  a  few  crystals  of  area  in  a  dry  teet- 
tiibe  to  n  little  above  tlmir  melting  point  and  cooling  nrhen  the  odor  of 
ammonia  is  perceived.  The  biuret  may  be  detected  by  tlie  biuret  test. 
The  fact  that  biuret  g'wcs  this  rcactiou  shovra  that  the  reaction  is  not 
peculiar  to  the  proteins.  Many  other  aubstanees  give  this  reaction. 
SchiflE  has  sJiowu  that  any  diacid  amide  in  which  the  Iwo  amide  groups 
are  not  attached  to  iJie  same  carbon  will  give  the  reaction.  Thus  oxa- 
mide,  XH,^CO— CO^NH;,  or  malonnmide  n?act.  One  of  the  amide 
groups  must  he  unHuhgtitutod,  but  the  other  may  bo  substituted  as  it 
always  is  in  the  protein  molcciilo.  Thus  NH^ — CO — CO — NHB  will  give 
the  reaction.  Asparagine,  the  amide  of  aspartic  acid,  gives  s  blue-violet 
biuret  miction.  In  this  ease  wc  have  COOH— CH,— ClINU,— CONH,, 
which  is  not  a  diacid  amide.  The  reaction  may,  however,  be  due  to  the 
formation  of  an  amino  compound  by  &  kind  of  lactone  (lactam)  forma- 
tion thus 

NU 
O  =  C— CH^— CH— CONH^. 

We  would  thus  hare  two  acid  araidn  groups,  one  of  thera  free.  Similarly 
leucine  amide  gives  with  sodium  hydrate  and  cuprlc  sulphate  a  red 
aalt'liko  compound  in  red  crystals  (Dcrgcll  and  Bunch).  Succinimidc 
aim  forms,  in  similar  circumstances  in  the  presence  of  potassium  hydrate, 
rcddisli  needles  fairly  atablo  in  the  solid  form  and  of  the  composition 

CO— rn. 


K..CU 


«:n::)- 


«HjOj 


but  which  arc  readily  decomposed  in  oqueous  solution  by  acids.  The 
rtihidiura  snd  en-sium  salts  ore  red  violet ;  the  sodium  salt  pate  blue;  the 
lithinm  salt  ultrnmarine.  All  of  these  are  supposed  to  be  derived  from 
Uie  bypotlieli<al  acid 

-CO— TH 
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ScbifF  isolated  the  biaret  potassium  compound  in  red  needles  to  which 
he  ascribed  the  formula: 

OH 


HO.  >C  =  0 


Among  other  substances  giving  the  reaction  are  urobilin,  a  coloring 
matter  derived  from  the  bile  and  found  in  the  urine  (Stokvis,  Salkow- 
ski) .  It  may  be  mentioned  that  strongly  basic  proteins  which  are  already 
alkaline  in  their  aqueous  solution,  such  as  the  protamines  and  pro- 
tones  (Gota),  will  give  the  biuret  reaction  without  any  addition  of 
alkali. 

From  the  foregoing  we  may  conclude  that  the  proteins  give  this  reac- 
tion because  they  contain  at  least  one  acid  amide  group  and  other  substi- 
tuted amide  groups  attached  to  neighboring  carbon  atoms.  If  the  pro- 
teins are  deamidized,  that  is  if  the  free  amide  groups  are  split  off  by 
the  action  of  strong  acid,  the  product  which  remains  does  not  give  the 
biuret,  although  it  is  still  a  protein,  digestible  by  trypsin  and  other 
enzymes  and  giving  other  protein  reactions.  All  native  proteins,  there- 
fore, since  they  give  the  reaction,  contain  some  acid  amide  nitrogen. 
The  biuret  reaction,  unlike  all  tlie  other  color  reactions,  is  not  a  reaction 
for  any  specific  amino-acid,  but  rather  is  dependent  on  the  constitution 
of  the  proteins. 

The  color  of  the  biuret  test  is  due  probably  to  the  copper  atom.  Many 
copper  compounds  are  blue  and  others,  like  the  metal  itself  or  cuprous 
oxide,  are  red.  It  is  probable  that  in  tlie  blue  compounds  the  copper 
atom  is  in  a  different  state  from  what  it  is  in  the  red  form,  pMsibly 
being  partially  reduced,  consequently  the  valence  electrons  have  a  dif- 
ferent period  of  vibration  so  that  the  light  absorption  is  changed.  Am 
this  state  of  the  atom  may  be  induced  by  a  great  number  of  compounds, 
it  is  clear  that  the  biuret  test  cannot  be  a  specific  test  for  proteins,  or 
for  any  particular  class  of  bodies. 

Since  the  color  change  depends  on  an  alteration  of  the  state  of  the 
copper  atom,  it  may  be  anticipated  that  otlier  metals  having  several 
stages  of  oxidation  and  different  colors  and  which  combine  with  amino 
groups  may  also  give  a  similar  reaction.  Tliis  is  the  case,  Pickeril^ 
found  that  cobalt  salts  also  might  be  used  for  the  biuret  test,  and  the 
reaction  is  even  more  delicate  than  with  copper.  Zinc,  iron  and  man- 
ganese  gave  no  color  change. 

MUlon's  reaction.    This  reaction  consists  in  the  development  of  a 
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red  color,  when  a  protein  is  hosted  or  allowed  to  stand  Kotno  time  m 
contact  with  a  mixture  of  mercuric  nitrite  and  nitrate.  If  a  few  drops 
of  Slillon's  reagent  is  added  to  a  solution,  or  suspension,  of  many  pro- 
teins and  this  is  heated,  the  protein  is  precipitated  and  tlie  precipitate 
after  a  time  turns  red.  To  make  Millon'a  reagent  dissolve  1  part  hy 
weight  of  mercury  in  2  parts  concentrated  nitric  acid  and  dilute  with 
twice  its  built  of  water,  allow  the  precipitate  to  settle  and  use  the  super- 
natant  liquid.  The  protein  does  not  need  to  be  in  solution  for  this 
reaction  and  it  may  hence  be  used  for  tiie  detection  of  proteins  in  sec- 

Itions  of  tissues.  The  color  is  not  deep  enough  for  a  good  microscopic 
■IaIh.  In  place  of  Millou'a  solution,  which  contains  a  good  deal  of  free 
acid,  Nassc  roeommcods  that  an  aqueous  solution  of  mercuric  acetate  be 
used,  to  M-hich  at  tiic  litiic  of  using  there  is  aiidod  a  few  drops  of  a 
1  per  cent,  solution  of  sodium  or  potassium  nitrite.  It  is  usually  not 
necessary  to  acidify,  but  tiic  addition  of  a  little  acetic  acid  to  the  above 

»  solution  is  sometimes  advantageous. 
The  MilloQ  reaction  is  given  by  all  organic  compounds  containing 
a  monohydroxy  benzene  nucleus.  It  is  hence  given  by  phenol,  salicylic 
acid  and  many  other  substances.  It  is  not  given  by  a  di-  or  tri-hydroxy 
phentd  unless  one  of  the  hydi-oxyls  is  substituted,  as  in  esters  or  ethers. 
Since  the  only  group  thus  far  recognizeil  of  the  protein  molecule  which 
contains  a  monohydrosy  benzene  ring  is  the  tyrosine  group,  this  reac- 
tion when  applied  to  proteins  detects  the  presence  of  this  group.  As  not 
all  proteins  contain  tyrosine,  for  eiiample  pure  gelatin  and  various  pro- 
lamines, not,  all  proteins  give  the  reaction.  It  is  a  good  deal  more 
delicate  than  the  biuret  reaction  and  the  presence  of  proteins  when  the 
dilution  is  great  may  be  detected  by  this  and  the  xantho-proteic  rcac- 

»tion.  when  the  biuret  test  quite  fails  to  show  their  presence. 
The  character  of  the  colored  compound  formed  has  been  studied  by 
Vaubel,    The  color  probably  involves  the  state  of  oxidation  of  the  mer- 
cury atom,  since  many  mercury  compounds  are  red  (cinnabar). 

Millon's  reaction  is  interfered  with  by  hydrogen  peroxide,  chlorides 
and  by  alcohol.    If  these  are  present  it  is  necessary  to  use  an  excess  of 

»  reagent 
Xantho-proteic  reaction.    This,  as  the  name  says,  is  the  yellow  reac- 
tion of  proteins  (Greek,  xan-fiios,  yollow).    In  contact  with  nitric  acid 
most  proteins  develop  a  lemou-yellow  color  which  changes  to  an  orange 
when  the  solution  is  made  alkaline.    The  protein  either  in  solution  or 

» suspension  is  healed  with  a  fi'W  drops  of  concentrated  nitric  acid  to 
6  C.C.  of  water  in  the  tcst4abe  for  from  one  to  three  minutes,  cooled  and 
ammonia  or  sodium  hydrate  added  to  an  alkaline  reaction. 

This  reaction  is  due  to  the  benzene  nuclei  in  the  molecule.    The  reac- 
tion is  given  by  tyrosine,  phenyl  alanine  and  by  tryptophane,  tlio  threo 
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aniinoacids  contained  in  proteins  having  benzene  noclei.  Trypto- 
pbane  gives  tlte  reaction  most  intensely  aud  easily  ;  then  tyrosine ;  whereas 
phenyl  alanine  requires  a  longer  healing,  or  more  nitric  acid.  Proteins 
wliioli  lark  these  throe  groups,  for  example  salmin,  sturin  nnd  clnpein 
among  the  protamines,  do  not  give  the  xantho-proteic  reaction. 

The  meehanism  of  the  ronetion  consists  in  the  formation  of  a  mono- 
nitro  benzene,  or  possible  a  dinitro benzene.  The  nitrated  benzenes  such 
as  picric  acid,  C'aH,{NO,),OH,  are  light  yellow  in  acid  solution,  but  a 
deep  orange  in  the  salt  form.  Such  oitro  derivatives  are  formed  in  the 
t'Ourse  of  the  reaction.  These  nitrobenzenes  are  all  toxic  and  are  some- 
times Dsed  as  dyes  (Martins  Yellow)  for  coloring  macaroni  and  other 
foodstulTs,  althongh  their  use  is  forbidden  in  most  eountries.  The  yellow 
color  is  probably  due  to  the  NO;  groups  (vibration  perio<ls  of  the  elec- 
trons of  the  valences  of  the  nitrogen  or  oxygen),  since  some  of  the  nitro- 
gen oxides  are  brown  or  reddish  yellow. 

Trffplopkane  reaclions.  Tr>'p1ophaue.  containing  as  it  does  the 
indole  group,  is  the  chromogenic  radicle  of  the  protein  molecale  par 
e^celience.  Tryptophane  and  tjTosiue  are  the  protein  nuclei  whicli  give 
rise  in  their  metabolism  to  most  of  the  body  pigments,  such  os  the  blood 
pigment  (pj-rrol  nucleus),  bile  pigments  (pyrrol  from  tryptophane), 
mclanins  and  reds  from  tyrosine,  cto.  Tryptophane,  as  it.t  name  implies, 
i.e.,  the  bright  (Or.  phonos,  bright)  sabstsnce  formed  in  the  course  of 
tr^'pUc  digestion,  readily  yields,  like  indole,  a  scries  of  bright  colors, 
reds,  violets,  blues,  when  oxidized.  There  are  a  number  of  color  reactions 
which  depend  on  the  presence  of  tryptophane  and  among- these  is  tho 
Adajukiewic2  reaction. 

Adamhiewics  reaction.  If  to  a  few  c-c.  (2-3)  of  a  protein  solution 
one  adds  nn  equal  quantity  of  glacial  acetic  ttfid  »nd  fhon  4-5  c.e.  of 
concentrated  snlphuric  acid,  at  the  aono  of  contact  a  violet  ring  forms 
in  the  presence  of  a  protein  containing  tryptophane.  If  tho  tube  is 
shaken,  the  violet  color  generally  develops  all  through  the  .lolution  if 
not  loo  much  sulphuric  acid  has  been  used.  This  reaction  di'^pends  op 
the  pi-esence  of  aldehydes  in  the  glacial  acetic  acid.  Tt  has  been  found 
(Hopkins  and  Cole)  that  most  aample-s  of  griacial  acetic  acid  which  have 
stood  some  time  contain  some  glyoxylie  acid,  HCO.COOH,  It  is  Raid 
that  some  samples  of  glacial  acetic  acid  will  not  givo  Adnmktewivz  reac- 
tion, atthoHgb  the  writer  has  never  seen  any  siicb.  Tht->  lest  may  be 
performed,  therefore,  by  using  glyoxylie  acid  in  place  of  glacial  acetic. 
The  glyoxylie  acid  is  easily  made  by  reducing  oxalic  acid  with  powdered 
magnesium.  An  equal  volume  of  this  arid  (Hopkins-Colo  rciigcnt)  in 
added  to  the  solution  in  the  place  oE  the  glacial  acetic  nnd  the  test  per- 
formed otherwise  in  the  same  matmer.  The  rdle  of  the  glyoxylie  acid  is 
not  explained,  but  it  possibly  eonsista  in  hastening  the  oxidation  oE  the 
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tryptopli&iiti  or  coudeusing  witii  it  in  tUc  presence  at  acid  to  give  the 
color. 

Other  aldehydes  may  be  used  iii  this  test  heaidca  glyoxylie  acid. 
Formaldehyde  lias  boon  suggoatod  hy  Rosouhoim  and  Aeree.  In  faei, 
this  reaction  is  used  I'or  the  detocttuu  of  Tormaldohyde  in  luilk  aud  is 
of  very  great  delieai-y.  Casein,  llic  protein  in  milk,  contains  relatively 
a  large  amount  of  tryi>1ojiliaiie  m  its  molecule,  if  u  little  fomiuldehyde 
is  added  to  milk  uttd  Iho  milk  dues  not  stand  long  enough  for  tlic  for- 
miUdcliyde  to  have  united  with  the  free  amino  groups  of  the  mil^  pro- 
teins, Iho  addition  of  strong  hydrochiorii!  aeid  containing  a  trace  ol 
iron,  or  of  sulphuric  aeid  with  iron,  lends  to  tUe  development  of  a  violet 
color.  It  lias  boeu  recently  suggested  by  Colo  that  perhaps  tlio  Adamkic- 
wiez  reaciiou  is  due  to  tlie  preseiii-c  of  formaldehyde  in  the  glacial  acetic 
acid  ralber  than  to  llie  glyoxylic  acid.  Perhaps  other  aldehydes  will 
act  similarly. 

LicberntaRH's  reaction.  AuoUier  color  reaction  Involving  trypto- 
phane is  that  of  Liebcrmann  when  carried  out  in  the  mauncr  originally 
prescribed  hy  him.  liiobennnnn  found  thut  protein  treated  lirat  with 
alcohol  and  ellier  and  LLen  with  hydrochloric  aeid  developed  often  ft 
violot  or  bright  blue  color.  This  reaction  is  probably  due  to  the  pres- 
ence of  aldehydes  in  the  alcohol  and  ether  (Cole)  which  combiue  with 
the  protein  and  on  subsequent  heating  with  strong  hydrochloric  acid 
develop  the  trj-ptopbauc  reaction.  If  the  protein  coiitaixis  both  Irypto- 
phaJie  aud  sugar,  it  is  not  necessary  to  treat  it  with  alcohol  or  ether 
first,  since  by  the  action  of  the  strong  aeid  on  the  carbohydrate 
aldeliydes  are  formed  which  give  a  colored  reaction  product  witli 
some  of  the  protein  groups  and  presumably  with  the  tryptophane.  See 
page  36. 

k  Other  tryptophane  returtions.  BroTttiitc.  Trj-ptophane  wbcn  free, 
but  not  when  united  in  the  protein  molecule,  gives  in  a  faintly  alkaline 
solution  with  bromiue  or  chlorine  water  a  beautiful  violet  color.  This 
reaction  was  discovered  by  Claude  Bernard  as  distinguishing  Iryptic 
from  peptic  digestion.  Adamkiewicz"  reaction  is  given  both  by  the  free 
and  linked  tryptophatic.  Tlie  color  in  the  bromine  test  in  possibly  due 
to  tlie  formation  of  indigo,  since  indole  gives  a  similar  reaction.  By 
this  bromine  r^-actlon  one  can  follow  the  course  of  the  splitting  off  of 
tryptophane  from  the  protein  molecule  during  the  process  of  digestion. 

Tryptophane  will  also  give  colored  products  in  the  presence  of  aro- 
matic aldehydes  (Rohde).  If  a  little  p-dimethyl-amino-bcnzahkhyde  is 
dissolved  in  conccQtrated  sidphuric  acid  and  run  beneath  a  solution  of 
protein  in  a  te«t-tube,  a  red-violet  ring  at  the  zone  of  junction  develops. 
A  similar  n>actton  occurs  with  vmiillin,  or  bengal  deli  ydc  sulpliuric  acid 
and  protein.     These  reactions  are  given  also  by  free  indole  groups  as 
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well  as  by  UTptophano;  p-nitro-benzaldehyde  givea  an  intense,  stable, 
green  color;  vaniUin, 

COH 
/\ 

OH 

a  beautiful  red,  becoming  violet  by  dilution;  para-dimothyl-amino  ben- 
zaldeliyde, 

CHO 


a  red  becoming  violet.  In  the  spectrum  a  wide  abeorption  band  iu  the 
orange  between  k  615-570  and  a  second  iu  the  green  betvreeu  A  555-540 
are  to  be  iteeu.  Tlie  method  of  making  thin  test  is  as  follows:  To  6  c.c 
of  the  protein  solution  or  fiuiipciujiou  in  a  tost-tube  add  5-10  drops  of 
u  5  per  ctiiit.  Hohitioii  of  p-dimi;tliyl-iiminO'iirti?,Rlduhydo  in  10  per  cent, 
sulphuriti  acid  ajitl  thi;a  add  couccutmtal  sulphuric  acid  drop  by  drop, 
with  frequent  shaking  until  color  appears.  If  the  albumin  is  ywy  dilute 
this  method  is  not  sensitive  enoujfh.  Iu  that  c^c  put  uouccntrated  sul- 
phuric acid  containing  1  per  cent,  dissolved  aldehyde  beneath  the  solu- 
tion and  see  if  a  colored  ring  of  contact  develops.  In  the  ring  method 
it  is  possible  to  detect  tryptophane  iu  0.003  per  cent,  concentratioo. 
Casein  rcactts  iu  about  0.15  per  cent.  coucentra.tion,  so  that  tryptophane 
muist  make  about  2  per  ctmt.  of  the  casein  molecule. 

Trikdo-hydrindcttc  hydrate  reaction.  Ninhydrin  rcacti<>n.  A  very 
sensitive  reagent  for  most  amiuo-acids,  proteins,  peptones  and  some  other 
substajieoa  is  trikoto-hydrindene  hydrate.  A  blue  color  develops  on 
boiliug.  The  tost  is  given  by  amiuo-acida  which  have  at  least  one  £re« 
carboxyl  and  a  free  amino  group.    Niuliydrin  is 

CO 
CO 

A  description  of  the  test  ia  given  on  page  883.  The  reaction  is  posi- 
tive with  proteins,  proteoses  and  wilji  all  the  amino-acida  with  the  excep- 
tion oE  proline,  oxyproline,  pyrrolidon  carbonic  acid.  It  is  positive 
also  triUi  osparagine  and  gluttuuiuc,  amino  osy-valerianie,  diamine  pro- 
pionic, 8arkosine  and  alanyl  alanine.  It  is  negative  with  proline,  oxy- 
proline, glut'osaraino,  guanine,  allantoioe,  teucinimide,  urea.  The  albu- 
mins give  a  very  blue  color,  as  do  also  all  polypeptides,  all  a-amiuo  acids 
and  /^-alanine.  Ammoniuiu  carbonate  gives  a  red  coloration,  and  htsti- 
dine  after  a  while  becomes  a  Burgundy  red.  Glycocoll  will  give  the 
roBctiou  in  1 :10,000  solution.    By  means  of  this  valuable  reAgeot  it  u 
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presence 
protetD-free  blood  senna. 

Carbohydrate  reaction.  Stianj  proteins  conUin  a  carbohydrate 
nucleus  in  their  molecule.  This  may  bo  detected  by  Moiisck's  reaction, 
Tlie  princiijle  of  tiie  reaction  consists  in  converting  the  carbohydrate  into 
aldehyde  decomposition  products  (furfurat,  fonool,  pyruvic  aldehyde, 
etc.)  by  the  action  of  strong  aeid  and  then  the  dctoeiifm  of  these  by 
some  aromatic  substance.  The  method  usually  employed  is  tliat  of 
Molisch.    To  tJie  solation  (5-6  c.c.)  to  be  examined  1-2  drops  of  a  10 

on 

per  cent,  alcohol  solution,  of  « -naphUiol,  L    i    )  -  *■*  added  and  then  a 

few  &«.  of  concentrated  sulphuric  aeid  is  poured  carefully  down  the  side 
of  the  tube.  A  violet  ring  develops  nt  the  zone  of  contact  in  the  pres- 
ence of  carbohydrates.  The  rf-naphthol  in  the  presence  of  sulphuric 
acid  condenses  with  the  aldehydes  formed  from  the  carbohydrate  by  the 
action  of  the  acid  to  form  colored  compounds.  If  the  protein  contains 
a  good  deal  of  carbohydrate  and  also  tryptophane,  it  may  not  be  neces- 
sary to  add  the  rtr-napbtbol,  the  ti7ptophane  taking  il^  place.  Thus  egg- 
white  contains  a  good  deal  (0.6  per  cent.)  of  glucose.  If  a  little  egg 
white  is  boiled  in  water  with  strong  hydroehtonc  acid  a  violet  color 
develops  without  any  addition  of  u-naphthol.  In  this  case  the  aldehyde 
is  generated  from  the  glucose  by  the  acid,  and  the  proteins  furnish  the 
tryptophane.  Liebei-mann's  reaction  is  sometimes  tried  in  this  form. 
Molisch 's  reaction  for  carbohydrates  appears  later  as  Pett«nkofer's  test 
for  bile  acids.  In  this  case  the  carbohydrate  is  added  and  the  chromogen 
is  supplied  by  the  bile  acids. 

Sulphur  reaction.  Reference  may  also  bo  made  here  to  two  or  three 
sutphnr  reactions.  Sulphur  occurs  in  the  protein  molecule  in  tlie  re- 
duced form  either  as  cysteine  or  cystine.  If  a  protein  containing  either 
cystine  or  cysteine  is  boiled  with  sodium  hydrate,  tJie  aulphar  is  in  part 
split  off  as  the  sulphide.  If  a  little  lead  acetate  is  added  either  before 
or  after  heating,  a  brown  or  black  color  develops  and  ultimately  a  black 
precipitate  of  lead  sulphide  settles  out. 

Some  proteins,  and  particularly  those  from  actively  metabolic  cells, 
probably  eontain  cysteine  in  place  of  cystine  in  the  molecule  and,  as  we 
have  already  noticed  elsewhere,  this  difference  may  be  of  great 
importance  in  cell  life  (see  neffter  and  Arnold).  If  a  protein  which 
contains  cysteine  is  dissolved  in  water  and  2-4  drops  of  a  fresh  4-5 
per  cent,  solution  of  sodium  nitroprusside  and  then  a  few  drops  of 
ammooin  are  added,  an  intense  purple-red  color  appears  at  once.  The 
color  dtaappcai's  on  the  addition  of  acetic  acid.  This  reaction,  however, 
is  not  sp«>cific  or  characteristic.    The  color  is  given  by  other  substances 
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tb&Q  cyatoino,  for  oxamplo  by  other  sulphides,  by  acetone,  ercatimne, 
etc,  but  oystouie  is  the  only  substjiueo  likely  to  be  prcscut  ia  protein 
wbieh  will  g'ive  Uio  reA«uou.  Prot«ius  of  the  supporting  tissues  of  the 
body  generally  couiaiu  cystiue;  thoae  of  amive  organs  oystcme. 

Precipitation  reactions  of  the  proteins. — BotL  for  (be  purpose  of 
(lutocltng  lliu  prrsuufi:  of  proteins  in  Kolution  and  of  rfuioviug  Ibem 
from  solution  tbcir  prvcipilutiou  ruiLctions  urc  important.  Probably  oU 
natural  proteins  vouloiu  a  small  uunibcr  of  free  amino  groups  and  free 
cai'boxyl  gi-onpa.  Tliey  aro  hence  both  basic  oud  acid.  By  means  of 
Ibew;  groups  Ibey  can  unite  and  form  sails,  many  of  wliit-h  ore  insoluble, 
wiUi  both  acids  and  baiiBs.  v\mong  tlio  acids  givixig  more  or  less  iusdu- 
blc  eomj>ounds  with  proL&ms  aru  launif.  metaphosphoricT,  picric,  piero- 
Ionic,  phosphomolybdic,  phoapliotungstic,  tri-iodo-liydriodic.  chromic  and 
bichrouiic  ucids,  and  muuy  acid  dyes;  and  among  tiiu  buses  urc  the  mclala 
copper,  iron,  manganese,  aluminum,  lead,  mercury,  nickel,  platinum, 
gold;  oi^auic  bases  such  as  quinine,  stryeluiiue  and  many  other  alka- 
loids, some  basic  proteins,  such  as  protamines  and  histoucs;  and  basic 
dyes  such  as  tbioniu,  fiiehi^iu  and  uiothyk-uo  blue  oi*  neutral  red.  The 
aeids  which  precipitate  are  generally  ihose  which  precipitate  alkaloids 
also.  A  great  deal  of  confusion  exists  in  the  literatui*e  on  Ibis  subject 
of  precipitation  of  proteins  because  of  a  failure  to  realize  Uiat  these 
precipitates  ore  true  chcmicul  compounds.  They  arc  sometimes  called 
wiUiout  any  good  reason  "  adsorption  "  compounds,  iudteatliig  tbut  Ihey 
belong  to  that  liypothcticol  class  of  pliysieal  unions  of  which  so  little 
of  a  definite  nature  is  known,  but  which  is  supposed  to  depend  on  surface 
tension.  The  whole  behavior  of  the  proteins  shows  these  precipitates  to 
be  true  compounds. 

The  reactions  are  as  a  matter  of  fact  almost  certainly  simple  salt 
formations.  Whenever  Ibe  precipitation  is  to  bo  made  by  a  reagent  of 
which  the  precipitating  part  is  in  the  anion  or  negative  group  of  the 
molecule,  the  solution  must,  for  all  except  the  basic  proteins  such  u 
histono  and  protamine,  be  acid  in  reaction.  The  basic  proteins  may  be 
precipitated  either  in  DculntI  or  even  slightly  alkaline  reactions  for 
the  ivoson  given  below.  If,  however,  the  preeipilaliug  substance  is  a 
metal,  or  base,  the  preeipitation  either  does  not  take  place  at  all  or  not 
so  completely  unless  the  solution  be  slightly  alkaline.  The  reason  for 
this  is  as  follows:  The  precipitaliiig  agents  of  the  tirst  class  mentioned 
are  the  free  acids,  or  t)ie  salts  of  acids,  and  the  part  of  their  molceule 
which  precipitates  ia  the  negative  part,  or  Ibc  anion.  In  this  group  aro 
all  tlie  acids  mentioned  above  and  many  others  not  there  included,  such 
as  bichromie,  elipomic,  ferrocyanic,  etc.  The  precipitates  which  are 
formed  have  been  found  always  to  be  the  protein  salts  of  the  precipi- 
tating acids.    They  are  protein  blebromate,  tanaate,  pierate,  pierolonate, 
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ide,  etc. ;  and  in  tbe  case  wbere  basic  precipitatiDg  substonccti 
jAe  precipitates  alu'uys  c-ariy  down  the  baso  and  they  arc  gen- 
■salts  oi  the  protein,  such  as  quinine  or  lead  proteinale.  If  a 
^aae  is  used  to  precipitate,  the  fact  tliat  the  precipitate  is  eol- 
iws  that  tliQ  base  has  gono  down  with  the  protein.  In  a  few 
ich  as  precipitation  with  mercury*,  platinum  ov  copper  suits, 
in  of  tb«  salt  is  with  tb«  amino  group,  as  viU  presently  be 

on  why  ibe  protein  must  be  in  an  acid  soliitioa  to  precipitate 
tali  Kalis  of  the  adds  mentioned  is  that  the  protein  must  be 
itivo  to  unite  with  the  electro- negative  radicle  of  the  salt; 
lUst  be  in  an  alkaline  medium  to  precipitate  with  the  bases,  be- 
«  protein  must  be  electro-negative  to  unite  with  the  electro- 
baaes. 

Ud  solatioDs  proteins  become  electro-positive;  aud  in  alkaline 
bwome  electr)>-negative.  This  was  shown  by  Hardy.  If 
be  diulyzed  against  distilled  water  until  free  from  sails  and 
led,  it  becomes  opalescent,  but  the  protein  is  not  precipitated; 
■  in  colloidal  solution.  If,  now,  to  this  solution  a  little  aeid 
^d  an  electric  current  is  sent  through  the  solution,  the  protein 
JB  a  tough,  white  mass  at  the  cathode;  while,  if  the  solution  is 
faintly  alkaline,  the  protein  collects  at  the  anode.  The  fact 
Hein  moves  in  the  electric  stream  proves  that  it  carries  an 
irge;  that  it  moves  to  the  nogativa  electrode,  or  catliode,  in 
lotion  shows  it  to  be  electro-positive;  and  to  the  anode  in  an 
tilutiou  proves  it  is  there  electro-negative.  The  electric  sign 
i'm  molecule  is  different  in  an  acid  from  what  it  is  in  an 
lution. 
'rather  extraordinary  explanations  have  been  given  of  this 
'.  sign,  which  is  a  matter  of  fundamental  importance  in  nndcr- 
^eeU  metabolism,  vital  and  ordinary  staining,  etc  Thaa  it 
ited  that  as  the  hydi'oxyl  ion  moves  faster  than  the  sodinm 
im  ion  it  hurriis  on  ahead  of  the  sodium  and  hitting  tbat 
buries  itself  in  the  protein  moletule,  thus  making  the 
'electro-negative;  and  in  acids,  the  hydrognn  ion  gtH-.s  first. 
nbed  in  its  turn  and  makes  the  molecule  of  protein  electro- 

t There  is  no  need,  however,  for  this  fanciful  explanation  which 
Ig  to  recommend  it  except  its  picturesque  nature.  The  real 
tion  is  probably  quite  difFerent.  By  means  of  the  free  amino 
the  proteins  arc  basic  and  they  ('ombine  with  the  acid  in  these 
ling  thereby  salts  like  subxtitulcd  amranriias  thus! 

R— citiiU^ -f- nci    =    R— CHNH^JICl. 
of  the  protein  molecule.   The  salt  B^CUNHjCI  now  ionizes 
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into  ECHNH,  and  CI.  The  chlorine  is  electro-negative  and  the  rest  of 
the  molecule  is  electro-positive.  Hence  in  acid  solutions  the  proteima, 
with  the  exception  of  some  very  acid  ones  like  casein,  are  always  electro- 
positive. 

In  alkaline  solution  the  free  carboxyl  unites  with  the  alkali  to  form 
salts: 

RCOOH  +  NaOH    =    RCOONa  +  E^O. 

BCOONa  now  ionizes  into  BCOO     and  Na  .    Thus  the  protein  beconuB 
electro-negative. 

The  reactions  with  the  precipitating  reagents  now  become  clear.    Thfly 
are  as  follows : 

1.  Protein -f  CH^.COOH  =  Protein  acetate. 

2.  Protein  acetate  -\-  Na  bichromate  =:  Protein   bichromate  -[-  NaOCOCH  . 

Precipitate, 

3.  Protein  -|-  NaOH  =:  Na  proteinate. 

4.  Na  proteinate  -j-  Pb  acetate  =  Lead  proteinate  -}-  NaOCO.GH  . 

Precipitate, 

But,  while  this  is  the  rule  for  most  of  the  proteins,  there  are  certain 
ones  which  appear  at  first  glance  to  be  exceptions.  For  example,  the 
protamines  and  histones  may  be  precipitated  by  colored  acid  dyes,  or 
by  sodium  picrate,  or  bichromate  in  neutral,  or  even  faintly  A-Hfj-linft 
solution.  The  reason  for  this  is  that  these  proteins  are  so  strongly  basie, 
having  so  many  basic  amino-acids  in  their  molecules,  that  they  are  electro- 
positive even  in  a  neutral  solution  in  which  they  exist  as  the  free  bases. 
They  may  even  be  positive  in  faintly  alkaline  media.  They  do  not  change 
to  the  electro-negative  state  until  some  excess  of  alkali  has  been  added. 
Similarly  some  of  the  acid  proteins,  such  for  example  as  some  of  the 
vegetable  proteins  which  contain  a  large  amount  of  glutamic  aeid  in  the 
molecule  and  are  hence  fairly  strong  acids,  may  be  precipitated  in  neu- 
tral or  even  faintly  acid  solution  by  the  basic  precipitating  reagents.  For 
these  proteins  do  not  at  once  become  electro-positive  as  soon  as  the  reac- 
tion becomes  faintly  acid.  Casein  is  a  protein  of  this  kind.  Another 
complication  is  introduced  by  the  affinity  of  all  metals  below  hydrogen  in 
tiie  scale  of  solution  tension,  such  as  mercury,  gold,  copper  and  platinoBi, 
for  amino  groups.  These  metals  will  not  only  form  simple  salts  with 
tlie  proteins  by  displacing  tlie  hydrogen  from  the  earboxyl  group,  bat 
they  will  also  form  addition  compounds  or  double  salts  by  union  with  the 
amino  groups.  It  will  be  found,  therefore,  that  mercuric  chloride  Trill 
precipitate  even  in  a  faintly  acid  medium,  and  so  will  the  others  of  Ulii 
group.  This,  however,  ia  not  an  exception  to  the  rule  stated,  but  an 
additional  kind  of  chemical  union  between  the  precipitating  agent  nd 
the  protein.  In  most  of  these  eases,  also,  the  precipitation  is  found  to  b( 
more  complete  in  a  faintly  alkaline  than  in  a  faintly  acid  medium. 
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One  of  tbc  best  waya  of  completely  separating  the  proteins  from  a 
isolutiou  is  hy  using  basic  lead  acetate.    Morcurio  cbloride  in  a  faintly 

oUno  solution  may,  bowoy«r,  also  be  used. 

WitJi  tbis  brief  account  of  the  properties  of  the  proteins  we  may  pass 
to  the  uoufiideration  of  some  few  whiuli  are  of  particular  uiturest  iu  tlie 
celL  We  Khali  not  now  consider  all  tlie  different  kJiuht  of  proteitut,  leav- 
ing the  individual  members  of  the  group  to  be  treated  more  at  length 
in  connection  with  tJto  organs  or  fluids  of  tho  body  in  which  tbey  occur. 
There  is  one  group,  however,  which  is  colored  and  of  very  general  inter- 
est, OS  members  of  this  group  aru  found  both  in  plants  and  animals. 
These  are  the  chromoprotcins,    Tboy  occur  in  tbc  cytoplasm  of  oella. 

Chromoproteins. — Thei-e  arc  two  groups  of  chromo,  or  colored,  pro- 
teins which  may  occur  iu  tbe  cytoplasm:  the  heuo-chromoproteius  ob-' 
tained  from  blood,  of  which  the  hemoglobins  are  the  bc»)t  examples;  and, 
second,  the  phyeo-chromoprotcius  which  are  obtained  from  seaweed. 
These  latter  are  very  interesting  proteins  because  in  a  way  they  are 
inlcnnedi&tc  between  hcmogloliin  and  chlorophyll.  The  chromatic  group 
of  hemoglobin  is  an  iron  containing  pyrrol  complex  called  bcinatin;  and 
the  iron  free  part  of  homatin  resembles  chlorophyll,  which  also  yields 
pyrrols  on  docompoaitiou.  It  is  very  intciTsting,  thorofore,  as  showing 
the  dose  relation  belwcen  hemoglobin  aud  chlorophyll  (hat  a  cbromo- 
protein  closely  resembling  hemoglobin  in  several  ways  and  particularly 
in  its  ease  of  crjHtalHzation  has  been  isolated  from  Llie  red  and  blue- 
green  algtt.  The  red  coloring  matter  of  the  Floridia;,  pkykucryihrin, 
and  the  blue  coloring  matter  of  thu  bluo-grecu  olgu^  phycocyan  {phykos, 
seaweed;  cyan,  blue;  crylkros,  red),  crystallize  most  readily.  The  sub- 
stances are  obtained  from  seaweed  just  as  hemoglobin  is  obtained  from 
tbe  corpuscles  of  tbe  blood  by  l&king  in  distilled  water.  Ammoniam 
sulphate  (30  grams  to  100  c.c.  golutiou)  is  then  added  and  the  pliyko- 
erylbriu  aud  the  phykocyaix  precipitate.  They  are  globulins.  If  the 
precipitate  is  rcdissolved  by  the  addition  of  water  and  the  salt  dialyzed 
out,  tlio  pn)tciu  crystallizes  out  in  the  dialyzing  tube  in  microscopic 
rr>'stals.  Pbykoerj'tbnn  is  cuugulated  by  boiling;  it  is  soluble  iu  weak 
alkalies  and  neutral  salts,  but  insoluble  iu  distilled  water.  It  is  pre- 
cipitated by  acetic  acid,  but  rcdissolves  in  nn  excess.  It  is  precipitated 
by  (NH,).SO„  MgSO,  and  alcohol.  Il  quickly  loses  its  color  in  the  light, 
particularly  in  an  alkaline  solution.  The  analyses  gave  C,  50.82 ;  IT,  7.01 ; 
K,  15.37 ;  S,  1.60;  0, 25.20.  It  is  free  £rora  ash  and  resembles  chlorophyll 
in  containing  no  iron. 

Distribution  of  protein  substances  between  the  cytoplasm  and  Uie 
nucleus. — The  proteins  of  the  cell  nucleus  are  sharply  differentiated  from 
tlioso  of  the  cell  cytoplasm.  In  the  nucleus  many  of  the  proteins,  in  some 
cases  all  of  them,  are  nucleoproteins,  eharactcrixed  by  the  presence  in 
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(III*  inoIeiMilft  of  luioleic  aoid.  The  simple  proteins  in  the  midoTis  aw" 
ofleH  more  basic  than  the  general  mn  of  proteins  and  soinetinies  ihcj 
are  very  basic  proteins,  such  as  the  prot&ntines  and  histones.  The  occur- 
rence of  these  proteins  is,  however,  tlie  exception  i-ather  than  the  rule. 
The  composition  of  the  nnclear  proteins  will  he  considered  presently. 
1'he  prol«ins  of  the  eytoplasm  are  less  vrell  characterized  and  of  very 
divei-sc  character.    They  inclade  both  the  proteins  of  the  living  proto- 
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plast  and  lifeless  aeeretory  or  reserve  proteiuu  of  a  varied  naltirv.  Tliey 
are  often  globulins,  that  is  simple  proteins  insoluble  in  water,  but  soluble 
in  dilute  salt  solution.  Thus  in  the  cytoplasm  of  muscle  there  are  the 
simple  proteins,  myosin  anil  myogcn  and  myosin  fibrin;  in  (he  thyroid 
gland,  the  thyreoglobulin  of  thn  colloid  material  which  is  found  in  the 
cytoplasm  is  a  globulin.  On  tlio  olhor  hand,  albumins  are  found  there 
also.  In  lite  white  blood  corpuscles  a  simple  protoio  correspoadlng  to 
serum  albumin  has  been  found.  In  many  i^ells  of  the  l>ody  there  oceun 
in  the  cytoplasm,  also,  a  globulin  coagulating  at  Uie  low  temperature  of 
56*,  which  is  the  temperature  of  coagulation  of  fibrinogen.  It  is  gen- 
erally believed,  too.  that  phosphoproteins  are  found  in  the  cytoplaan. 
and  this  is  certainly  the  case  in  some  cells.  Thus  ca.scin  is  found  tn  tltf 
cytoplasm  of  the  milk  glands  and  vitellin  in  the  cytoplasm  of  the  hca^ 


3(1  some  otlicr  eggs.  Bolh  of  tlio»c  bodies  arc  phosphoproteioa. 
lei-e  13  some  reason  for  bfi]io\*ing  iliat  in  tJie  living  protoplasm  the 
protein  may  be  in  union  with  phospliolipins,  cnrbohydratc  and  possibly 
fata.  It  is  not  possible,  however,  to  make  a  definite  statement  on  this 
point.  The  decomposition  products  of  protein  metabolism  probably 
also  occur  there, 

_      "We  may  then  aay  tiial  in  the  nucleus  are  found  the  nuoleoproleina; 

Pl^ercas  in  the  cytoplasm  of  the  cell  these  are  probably  lacking  (ffce 
page  173).  The  protoplast  of  the  cytoplasm  cousisis  iu  all  likelihood  of  a 
mixture  of  simple  albumins  and  globulins,  coagulable  by  heat,  nnd  phos- 
pholipins,  and  some  of  these  simple  proteins  may  be  and  probably  aro 
in  loose  physical  or  cliemioal  union  vrilh  phospholipin,  fat  and  carbo- 
hydrate. In  other  cells  one  finds  mucin,  which  is  a  glycoprotein.  Thea? 
proteins  do  not  occur  free  for  the  most  part,  but  in  union  with  inorganic 
salts,  salts  of  sodium,  potassium,  calcium  and  magniisium  preponderating. 
These  cytoplasmic  protouis  iu  the  livuig  cell  are  predominantly  electro- 
negative, but  occasionally  clcctro-poailive  protein  may  be  present,  as  in 
the  red  blood  corpuscles  in  which  the  hemoglobin  is  electro-positive. 
Sinrc  the  whole  of  the  protein  world  is  at  some  time  in  the  cytoplasm  of 
cells,  it  will  be  seen  that  this  part  of  the  cell  is  wonderfully  divene  in 
its  chemical  nature.  The  general  features  of  the  living  protoplast,  as 
distinct  from  secretory  granules,  reserve  proteins  or  structural  elemeuta. 
are,  however,  so  similar  in  all  cells  that  it  is  probable  that  in  its  funda- 
mental ehcmicat  constitution  it  is  everywhere  eloeDuly  alike,  altliough  dif- 
fering in  some  particulars.  What  this  constitution  is,  is  the  great 
unsolved  problem  of  physiological  chemistry. 

^^^^■^^■y.  If  living  celts  arc  e.\auiined  under  the  microscope,  all 
^HiPHBHi|)lest  nnimal  colls  (Mouera)  and  the  bacteria  may  be  seen 
■^  contain  within  the  granular  protoplasm  a  clear,  almoat  or  quite 
nomogeneons,  moi'e  refractive  area.  This  area,  called  the  nucleus  and 
fint  described  by  Kobcrl  Brown  in  1331,  is  generally  spherical  or  cUij)- 
}k>idal  in  shape,  though  at  times  it  ia  quite  irregular  iu  outline.  Figure 
1,  p.  11.  8o!iiftiiutr»  it  is  spparfttcd  from  tlie  Kurroundiiig  protoplasm 
by  a  distinct  visible  mcmhriuic;  at  other  times  no  membrane  may  be 
se«n  io  the  living  ecU,  though  it  is  probably  always  present.  In  size,  the 
nucleus  may  fill  almost  the  entire  cell,  os  in  ecUa  of  the  thymus  gland 
or  the  sperm  head,  or  it  may  he  a  very  small  part  of  the  total  bulk  of 
the  cell,  as  in  many  efg>>  aud  muselo  cells. 

Generally  uo  structure  iraii  be  secu  witliiu  the  living  nucleus,  but  iu 
ic  cases,  as  in.  the  germinal  vcaiclc  oi  many  eggs,  there  may  be  seen, 
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in  addition  to  a  distinct  meoibrane,  apherical  or  irregularly  ahaped 
more  dense  portioua  wluoh  are  known  morphologically  as  nuclftoli.  When 
the  eoU  divides  l)y  varyokiiitiKis  thcfe  iiiiiy  also  be  seen,  in  the  most  favor- 
able cases,  as  in  the  teiiles  of  gnuisiioppers,  and  id  some  trausparent  eggs, 
the  sptndic  fibciij  and  Iho  (chromatic  masses  rattod  by  morphologtsts 
chromosomes.  In  geiitnil,  Iiow(?ver,  as  long  as  the  cell  is  alive  no  other 
structure  may  l>e  seen  within  the  nucleus  than  the  nucleolns. 

The  physical  structure.  The  physical  consistence  of  the  nucleus  has 
bcon  found  by  Kite  to  varj*  greatly  in  different  cells.  By  his  verj'  in- 
genious method  of  mi«ro9copic  cell  dissei-tion  by  means  of  extremely  fine 
glass  needles  (diaiuoter  1  ju  or  letut),  Kite  has  Found  that  most  nufllei 
are  separated  from  l)ie  protoplasm  by  a  very  tongh  distinct  nut^lear  mem- 
brane. Witliin  thiK  mi^mbraiie  one  generally  finds  either  a  liquid  (sol) 
or  a  fairly  viseiil  isvX  in  whiirh  no  sIruRturc,  except  sometimes  the  nucle- 
olus, is  to  Iw  fiis(;oY<rn:d  by  h'm  methods.  The  nucleus  of  an  amteba,  for 
example,  or  the  nucleus  of  an  immature  starfish  egg,  contains  a  liquid, 
and  when  the  nuclear  wall  is  inipturod  the  contents  escape  into  the  enr- 
i-oundiug  cytoplasm,  mixing  with  the  latter  and  setting  up  most  inter- 
esting chemii'al  changes  witliin  it,  discuKsed  further  on  page  180.  But 
die  nuclei  of  most  dilTerentinlod  cells  which  he  examined,  such  as 
cjtithcliul,  liver  or  jiancrcas  cells  of  the  auiphihian,  Not^tunu,  or  the  frog, 
or  rabbit,  arc  quite  jHlj-dikc.  They  rosy  be  cut  into  several  pieces,  each 
piece  retainin;;  itA  form  and  in  this  case  not  miKing  with  the  cytoplasm. 
It  is  indeed  altogolher  pi-obablo  that  tho  physical  state  of  the  naclcar 
contents  is  not  constant  in  any  coll,  but  varies  from  fluid  to  gel  under 
various  eonditions.  This  is  indicated,  for  example,  by  tho  experiments 
of  Calkins  and  Miss  Peebles  in  their  cutting  to  pieces  of  tufusoria.  At 
limes  Che  cutting  could  be  made  as  if  through  a  jelly,  the  pieces  not  losing 
their  contents  when  cut;  and  at  other  times  tlie  prat4)plasm  was  so  liquid 
that  it  readily  cscape^l  through  the  cut.  Kite  has  made  similar  obserra- 
tions  on  Amatba  proteus  and  they  have  been  made  also  by  Oruber.  One 
of  the  constituents  of  the  nucleus  is  nucleic  acid  and  this  has  quite 
remarbablo  powers  of  forming  gels;  and  it  may  be  that  this  jelly-like 
consistence  of  many  nuclei  is  due  to  the  presence  of  this  aubstanee. 

One  of  the  most  important  observations  of  Kite  is  that  it  is  impos> 
siblc  by  bis  method  of  dissection  to  find  in  living  nuclei  any  more  dense 
masses,  or  networks,  which  might  correspond  with  the  chromatin  net- 
work, or  cliromosomca  to  he  seen  in  fixed  and  stained  nuclei.  "Whether 
tlic«o  pre-exist  in  the  cell  nueleus  when  it  is  alive,  or  whether  they  fir*t 
appear  as  the  result  of  the  action  of  fixing  agents,  may  seem  doubtfal 
from  tilts  oVtsorvation;  but  tho  extreme  and  detailed  regularity  of  tliM« 
morphological  pictures  in  fixed  cells  (Figure  2,  p.  12),  and  their  steady 
development  during  karyokinesis,  make  it  unlikely  that  they  are  pro- 
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[  ty  the  fixing  agent.  It  sciiruB  more  proljablft  tiiat  tlioy  exist  in  the 
living  nuclous,  though  perhaps  not  quite  in  Urn  form  mvcalocl  in  the 
nuclear  corpse,  even  thongh  they  eon  neither  bo  soen  nor  foiintj  by  dis- 
u«tion.  It  may  be  romarkefi,  indeed,  that  the  dissection  method,  by  the 
pionuous  stimulation  of  tbo  eell  which  it  entaila  and  the  raeehanical 
nlxJug  of  the  parts  of  the  eel],  must  reader  an  Interpretation  of  the 

rills  obtained  by  it  somewhat  uneertain.* 
Function.  Therft  is  do  qucetion  but  that  the  nui-leus,  forming  as  it 
Joes  so  universal  a  constituent  of  celts,  is  of  fundiiincntal  importance 
\o  cell  life.  The  spcmi  head,  which  alone  enters  many  rggs,  the  tail 
beins  loft  outside,  and  which  is  able  to  produce  the  development  of  an 
organism  resembling  in  many  moet  minute  particulars  the  parent  organ- 
ism from  which  It  came,  is  eomposed  exclusively  of  a  Jiueletis.  So  the 
nuelens  must  play  a  great  [Mirt  in  inheritance.  Inheritance  is  equally 
Trom  father  and  mother,  and  it  oan  hanlly  he  a  coincidence  that  the 
smbryo  cont^ns  an  equal  share  of  nuclear  mattTial  from  father  and 
mother,  whereas  the  cytoplasmic  material  is  obtained  almost  exclusively 
From  the  mother. 

^The  irapoTtanco  of  the  nucleiis  is  shown  very  clearly  in  many  oxpori- 
nts  which  have  been  perfonne<l  en  tinioelltilar  orfjanisms.  If  an 
Unffiba,  or  other  protoatoon  organism,  be  cut  into  two  parts,  one  of  which 
MHitainii  the  nuclens,  while  tbe  other  lacks  it.  it  is  found  tliat  while  both 
pioc«s  may  continue  in  motion  and  may  caplure  food,  it  is  only  the  part 
mrilh  the  nucleus  which  is  able  to  grow  and  rceonstitutc  the  cell ;  the 
rirotoplasm  without  the  nucleus  cannot  regenerate  the  nui'Ieus  and  in 
i  short  time  it  dicn  and  disintegrates.    This  oxpcrimeut  shows  that  both 

tlcus  and  cytoplasm  are  ncccssar,*  for  growtli  and  dovelopment. 
Similar  facts  showing  tho  great  importance  of  the  nucleus  in  the 
(rtli  and  synthesis  of  new  protoplasm  are  I>e8ntifu!ly  illustrated  in 
jland  and  vegetable  obHb.  If  vegetable  eells  are  plasmolyzed,  that  Is 
thnmk  from  tlie  cell  wall  by  the  action  of  hypertonic,  salt  solutions,  it 
(ometinies  happens  that  the  protoplasm  beeomea  divided  within  the  cell 
into  a  nuclear  containing  am!  a  nui^lear  free  portion ;  it  is  only  tho  former 
nrhich  makes  a  new  cell  wall  and  grows  to  a  new  cell.  In  many  gland 
Mlla  the  protoplasm  during  glandular  rest  in  whole,  or  in  large  part, 
becomes  differentiated  into  scerotoi^"  material,  generally  taking  tho  form 
)f  granules.  The  nuclotis  remains  with  only  a  very  small  quantity  of 
cytoplasm  around  it.  Now,  when  the  eell  secretes,  tliese  granules  are  dis- 
jbarged  or  dissolved,  and  the  new  undifferentiated  protoplasm  which 
takes  their  place  appears  always  first  close  to  the  nucleus,  as  if  it  were 
wing  formed  here. 

>  (^mbnv  has  reocDtl;  (ound  tbat  tbe  clironioBOmcs  may  appear  quite  md- 
Jy  In  nuclei. 
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There  can  be  no  doubt  from  all  these  facts  that  the  naclens  plays  a 
very  importaDt  part  in  the  synthesis  of  the  cell  protoplasm.  It  appears 
as  if  under  favorable  conditions  the  nucleus  might  be  able  to  matte  the 
cytoplasm  about  it,  but  no  one  has  as  yet  succeeded  in  pro\'ing  this.  It 
miglit  be  tented  by  growing  the  spermatozoa  in  su<'h  conditions  tltat 
they  would  make  thomselves  into  cells  provided  with  cytoplasm.  Per- 
liajis  it  niiglit  be  proved,  also,  by  isolating  nuclei  by  means  of  Kite's 
method.  At  prcHrrnt  nil  that  can  be  ssJd  definitely  is  that  both  protoplasm 
and  nucleus  appciir  to  be  necessary  for  growth  and  development.  Many 
chemical  tTansforjiiations,  probably  most  of  them,  occur  in  the  extra 
nuclear  part  of  the  protoplasm. '  But  the  nucleus  is  uevertheless  of 
fundamental  importance. 

Chemical  composition.  Method  of  obtaining  nuclei  for  chemical 
analysis. — The  ehi^mioal  compoRilioii  of  nn  organ  of  such  vitAl  impor- 
tani'B  in  inheritance  and  cell  life  is  a  matter  of  vcrj*  grnat  interest.  What 
linowlt^dge  we  have  of  it  is  owing  moi*e  particularly  to  JTitsrIier  and 
above  all  to  Ko.s.s(;I.  There  are  several  ways  in  which  tlie  chemical  nature 
of  tlio  nucleus  may  be  studied.  We  may  study  cells  consisting  chiefly 
of  nuclei,  such  as  leucocytes,  and  contrast  their  composition  with  that 
of  cells  consisting  chiefly  of  cytoplasm,  such  as  muscle,  or  egg  cells, 
or  red  blood  coriinscles  of  mammals.  Substances  which  are  found  in 
predominating  amunnt-i  in  the  first  group  of  ct^llK  wo  would  bo  jiistifiei] 
in  Inferring  came  from  tlie  nu<!lel.  Anothi^r  uiHlliotl,  although  one  to 
bp  used  with  great  caution  in  intcTpreting  obsi-rvutioiis,  is  the  use  of 
m icrochemical  stains.  The  best  method  tn  to  separate  the  nucleus 
from  the  cytoplasm  and  to  study  the  chemical  composition  of  each 
separately. 

The  first  method  was  that  used  by  Mioschor,  with  whom  our  knowl- 
edge of  the  composition  of  the  nueleus  begiiia  in  1876.  It  had  been  known 
tlmt  living  tiiHues  alt  contained  large  umuuiits  of  iihosphoric  acid  in 
different  eombiimtiiins.  This  acid  early  atlracleil  tUe  attention  of  clieni- 
isls,  some  of  whom  even  wont  so  far  a.i  to  say  "  ohne  Phosphor  keine 
Qcdanke  "  ("  without  phosphorus  no  ideas  ").  And  we  are  coming  to 
realize  more  and  more  dearly  tin;  fundamental  mle  phosphoric  acid  plays 
in  all  vital  phenomena.  It  was  soon  found  that  the  phosphoric  acid  was 
present  in  at  least  two  forms.  One  part  oo\iid  bo  extracted  by  alcohol 
and  was  in  organic  uoion.  It  was  present  in  the  lecithin  discovered  by 
Gobley.  Another  pai-t  could  be  extracted  by  cold  water  from  the  tt880«s 
already  extracted  witli  alcohol.  This  part  consisted  of  inoi^anic 
phosphates.  After  removing  these  two  forms  of  phosphoric  acid  there 
remainc<l  a  considerable  proportion  of  the  phosphoric  acid  in  the  protein 
residue  of  Ihc  cell.  iloppc-Svylcr  put  his  pupil  Miescher  at  the  task 
of  finding  out  what  compound  of  phosphoric  acid  remained  in  this 
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residue,  ilicsfhcr  worked  chiefly  with  pus,  which  in  those  days  of  septic 
surgery  could  be  ixiidily  oMiiiwil.  He  found  that  mont  of  thia  rcmuaiit 
of  phosphoric  acid-contatninfr  ma^>riat  could  bo  extracts  rith  dilute 
alkalies  and  rcpreeipitatod  by  acetic  acid.  It  was  in  organic  union  with 
proteins.  Since  pus  colls  eonsiBtcd  chioQy  of  nuclei  with  very  BmsU 
amounts  of  cytoplasm  and  this  miilerial  constituted  the  ptvatcr  part  of 
the  residue,  Oicre  could  be  Httle  doubt  that  it  camo  from  the  nucleus, 
and  for  this  reason  it  was  called  by  Micschcr  "  uuclcin."  It  was  quioldy 
found  Uiat  nucluiii  wax  u  cou»tituent  of  ull  cells  cxaniiucd.  Thus  IIoppo- 
Seylor  found  it  in  yeast;  it  was  isoiat<:d  fnun  Kperm,  spleen  and  a  gnwit 
variety  of  tissues.  This  nocloin  contained  varyinji  amounts  of  phoa- 
phorus  varj'injr  from  0.9-4  per  cent.  One  of  the  easiest  ways  of  prepar- 
ing such  a  nucleoprotoin  is  to  extract  a  tissuo  with  dilut*  alkali ;  or  even 
to  boil  it  with  water,  sonic  of  the  nueloin  goes  into  solution  in  the  boiling 
water,  Sliortly  after  ibis  KosscI  found  that  if  this  nuelcin  was  boiled 
witli  acids,  it  yielded  a  number  of  xanthine  bases,  of  which  the  formulas 
win  be  given  presently,  such  as  xanthine,  hypoxuuthino,  guanine  and 
adenine,  a  new  base  which  he  disi^overed  and  uamod  a<lcninf!  (Or.  crfr;i, 
gland)  because  he  isolated  it  first  from  the  panerentie  gland.  The  dis- 
covery that  the  x.iuthine  bases  could  be  obtained  from  nnclein  was  a 
diKOVi>ry  of  fundamental  impoilsncc.  for  it  indicated  that  these  bnscs, 
which  are  found  in  human  urine,  and  uric  acid,  which  belong  in  the 
same  group  of  substances,  must  come  fram  the  nnclein  of  the  body  and 
not  from  the  ordinary  albumui,  as  had  been  supposed  up  to  tbut  lime. 
In  1887  Altmann,  an  histotogist.  took  a  long  step  forward  when  )io  suc- 
ceeded in  isolating  from  Miescher's  nuclein  by  digesting  it  with  pepsin* 
hydrochloric  acid  an  organic  acid,  containing  8-9  per  cent,  of  pho9-i 
phoruR,  which  vim  free  from  alhurain,  all  the  albumin  tests  being  nega- 
tive.   He  called  this  acid  nucleic  acid. 

Before  examining  the  constitution  of  this  important  acid  discoTere<l 
by  Allinann,  a  word  may  be  said  about  another  method  of  determining 
the  constitution  of  the  nucleus.  The  best  method  is  to  examine  the  heads 
of  spemiatonroa.  These,  in  the  fishes  and  mast  animals,  consist  wholly, 
or  almost  wholly,  of  nuclear  material ;  and  while  they  undoubtedly 
represent  vorj*  highly  Fpei^ialisted  nuclei,  ncver1.heles.s  Ihcy  are  still 
nuclei.  This  method  of  studying  nuclear  eompnsition  was  found  by 
MiflBcher. 

If  the  niM*  l«!sle«  of  n  fish  <nich  as  the  salmon,  which  Miesrhcr  atudiiid. 
or  the  herring,  arc  token  and  Rround  to  a  pulp  and  then  strained  through 
chcescclotli  the  sperm  go  iJirough;  the  connective  tissue  remains  behind. 
It  ia  an  additional  advantage  that  in  fishes  the  sperm  all  ripen  at  tlie 
same  time  so  that  a  homogeneous  product  is  had.  The  unripe  sperm  have 
a  difTurent,  more  complex,  composition  Pram  Ilia  ripe.    The  sperm  mass 
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is  tliGD  suspoQdod  iu  uoriiia]  salt  soltitioii,  or  in  a  dilulti  iiiagnesUim  sul- 
phate soUition,  a3iil  t'cutrifiigalized.  By  Ibis  means  Lhuy  are  fruud  from 
tbe  liquid  iu  wluvli  iliey  are  miKpi-'ncIod  in  the  teHt».  After  one  or  twu 
waaJiiugs  of  this  kind,  Ihc  i^pi-nii  an*  xiispi^di'd  in  (l)st.ill»l  watttr  and 
centriEugalizcd  vury  nipidly.  In  the  distillod  water  the  tails  swell,  and 
tJic  licads  ore  so  mucli  heavier  and  dcnstir  tlint  thtty  are  separated  from 
tho  tails  by  the  centrifugal  force  and  accumulate  at  the  hott^m  of  the 
tabc  as  a  pure  white  mass.  Above  this  mass  of  heads,  tUore  may  b« 
secai  in  the  ccutrifuRal  tube  a  sliray  toiunnons  layt-r  of  swollen  tails  more 
gray  in  color  than  ihe  heads.  This  layer  of  tails  is  uohereul  and  may  Im 
easily  lifted  out.  Abovu  this  again  is  a  layer  of  waler,  opaleKoent,  and 
I'Ontuining  tlie  grealcr  part  of  thf.  lecithin,  cliolcjitt-rol  and  much  protein 
in  solution.  After  several  washings  and  et^ntTifufralizinf;  in  distillfMl  water 
the  heada  arc  clean  from  tails.  Under  the  mitrroscopi!  they  look  perfectly 
normal.  They  arc  not  changed  in  shape  nor  apparently  in  size.  Thoy 
appear  to  have  lost  none  of  their  conslituonls.  Tbey  eomititute  pure 
nuclear  matter.  It  is  of  course  possible  that  tliey  have  lost  some  material 
in  the  washiug  iu  spite  of  the  fact  that  they  do  not  appear  to  have  done 
so.  Thus  far  only  two  kinds  of  sperm  have  been  examined  in  this  way, 
Ihc  salmon  by  Xtiesclier,  and  the  hcmng  by  tho  author  and  Stcudcl.  If 
these  pure  white  spenii  heads  arc  now  ostrnetnd  by  alcohol  and  ether 
only  traces  (.I-.Ol  per  cent.)  of  alcohol-ether  soluble  mibstanccs  are  fonnd 
in  them.  From  this  it  appears  cither  that  tho  lecithin  and  lipoids  have 
been  extracted  by  the  distilled  water,  or  else  thai  they  arc  couQnod  chiefly 
to  the  middle  pieces  and  tails,  and  that  they  are  not  fouud  in  the  nucleus. 
Tbe  small  amount  found  was  so  variable  as  (o  suggeRl  that  it  may  have 
come  from  rcnmauts  of  tails,  which  had  uot  bocii  completely  separated 
from  tlic  heads. 

Tho  other  kind  of  nucleus  whic^li  has  been  obtained  free  and  pure  for 
analysis  is  tliat  of  the  red  blood  corpuscles  of  hens.  The  corpuscles 
treated  in  the  same  manner  as  tlic  sperm  swell,  they  are  laked,  and  the 
nuclei  become  free  and  may  he  aooumulatod  by  centrifugal  action.  These 
nuclei  have  lieen  recently  examin&i  by  Aetcrmann. 

THE  COMPOSITION  OF  CHROMATIN.— The  spena  head  con- 
sists wholly,  or  utuiost  entirely,  of  i-ln-omatiD.  This  chromatin  consists 
of  a  nuclein.  In  the  hejids  of  salmon  sperm  the  chromatin  is  salmln 
nucleate;  in  IhcherrinR  it  is  clupein  nucleate.  See  page  178,  In  all  cells 
it  has  been  found  that  the  chromatin  consists  of  two  parts :  an  acid  part, 
nucleic  acid,  discovered  bj'  Altioann,  and  a  htisie  part  which  is  always 
some  member  of  the  simple  proteins,  but  a  different  protein  in  every 
kind  of  cell  which  has  been  examined  thus  tar.  "Wo  will  consider  first 
the  composition  of  the  acid  part  of  tl^e  nucleus,  or  nucleic  acid,  and  then 
the  basic  or  protein  part  of  the  molceule. 
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Nucleic  acid. — l^ethcd  of  iaolatwi.  Nttelcie  acid  may  b«  obtained 
from  tissues  without  noceasarily  isolating  tli«  nuclei  finit.  It  is  most 
easily  obtained  hy  tlie  Koesol-N'ouraauii  melhod.  P(<rfe(;t1y  fresh  tissue 
must  b«  talcen  aud  as  quit^lcly  as  posKihle  aft4<r  its  removal  from  the  body 
it  ia  ground  in  a  meat  chopper  and  thrown  into  boiling  water  slightly 
acidiiiod  witJi  acetic  acid  to  destroy  the  eniymea.  The  i-cason  for  the 
nccesai^'  of  hoKto  ia  that  Uiere  are  present  in  most  cells  oiu^mes,  called 
nndeiues,  which  v«ry  rapidly  attack  and  partially  decompose  the  nucleic 
acid.  Tho  residue  is  ^ouud  as  fine  es  possible  and  tlicD  brought  into 
twice  its  weight  of  a  boiling  solution  of  sodium  hydrate  and  sodium 
acetate  (1.6  per  cent.  NaOH  and  10  per  cent.  Na  acetate)  and  extracted 
for  from  V;-2  hours  at  boiling  temperature.  By  this  ti-eatraont  Uie 
nucleic  acid  is  dissolved  and  exu-acted  from  the  cells.  The  mass  is  then 
nerttralized  with  acetic  acid,  contrifugalized  and,  if  neoeasary,  filtered 
Jiot.  The  filtrate  ia  now  conceutnited  and  the  filtered  solution  is  poured 
into  alcohol,  about  tlirec  volumes  of  f)5  iicr  cent,  to  one  of  the  nolulion. 
The  nacleic  acid  is  precipitated  as  the  sodium  salt.  It  may  be  purified 
by  resolution  and  rcprecipitation.  Bj*  this  method  (Neumann's)  from 
1  kg.  th.t'uiDs  gland  180-200  grains  of  nucleic  acid  are  obtained. 

Nucleic  acid. — Physical  and  chemical  properties.  The  sodium  salt 
lUcleic  acid  thus  prepared  is  soUiblo  in  water.  If  dissolved  in  hot 
iratCT  to  a  conccntraliou  of  r>  per  cent,  it  gelatinir-cs  firmly,  on  cooling, 
to  a  clear,  slightly  opalescent  t^^l.  Thin  property  has  already  bi^en  men- 
tioned in  connection  witli  the  jullydikr  t-onsiiilcnce  nf  some  nuclei,  and 
tho  solidity  of  the  chromosomoA,  Whcji  dry  tho  salt  is  pure  white, 
amorphoos,  baring  neither  taste  nor  smoll.  It  gives  no  protein  testa; 
the  biuret,  Millon,  xanthoproteit'  and  iryptophane  roaetious  arc  negative. 
If  added  to  a  solution  of  protein  uunlaiuing  a  Utile  free  acetic  acid,  it 
precipitates  tite  protein,  fonning  thereby  an  artificial  nucleiu.  It  doea 
not  rednce  Fehling'g  dilution ;  it  is  not  crystulUuc  in  any  of  its  satta.  It 
is  optically  active,  dextro-rotatory,  the  rotatory  power  being  (n),)  = 
-f- 154.2.  The  snhstance  is  fairly  stable  with  Blkalies.  hut  on  long  boiling 
(2  hours)  in  alkaline  solution  it  goes  over  into  a  /9-naclcic  acid,  which 
no  longer  gelatinizes,  and  which  has  a  different  per  cent,  of  composition 
from  the  first.  It  i-s  very  unstable  in  the  form  of  the  free  acid  and  is 
readily  liydrtilyTed  into  its  eonstituents.  The  free  acid  ia  white  like  tlie 
salt,  unstable  in  the  light,  turning  a  redditth  or  brownish  red  culor  when 
exposed  in  the  powder  form.  It  is  fairly  soluble  in  hot  water,  but 
much  less  soluble  in  cold.  It  is  insoluble  in  alcohol,  etlior  and  similar 
solvents. 

Per  cent,  of  composition  of  nucleic  acid.  The  very  great  ease  with 
which  the  purines  aire  split  off  from  the  molecule  and  the  necessity  of 
using  acid  at  some  stage  of  the  separation  makes  it  very  difiBcult  to 
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obtain  micleic  &«ids  whiofa  ar«  entiroly  iioniiul.  All  of  Ihc  older  analyses 
in  wbich  the  imffl«i«^  aoid  whs  prwoipilatPcJ  by  fme  arid  are  almost  cer- 
tainly incorrect.  The  followiinj  analj-ses  are  some  which  have  been 
obtained: 


oiiidii  C  n         N 

8|M>rm   of   Aloan    .  36.27  &.00  IS.BB 

Hiimiin  pinuniiu    37.44  4.X2  15,32 

SpemiatoEOa    (Murnviu>r«M) .  37.50  4.38  10.04 


CltlMTV<>r 

T^vciiif  mtu\  SInlulvi. 
Kikkoje. 


Various  acids  have  giv«n  percentages  of  compositicm  wliicli  differ  some- 
what amonp  thcmselvps.    The  relation  of  P  :N  is  as  4  atoms  to  H  or  15. 

The  most  probahle  formula  according  lo  Sleudel  is  C„n„N,sP,0„. 
nhich  requires  that  the  motocule  should  be  composed  of  four  bexoM 
molectilra,  two  purines,  two  pyriniiiiines  and  four  molcrules  of  phosphoric 
acid.  By  tUe  aetion  of  en doeel hilar  enz^iniis  ntichtie  acid  is  very  quickly 
partially  digested,  which  accounts  for  many  of  the  discordant  rtsults  of 
analyses. 

Decomposition.  We  will  Arst  consider  the  composition  of  the  tme 
nucleic  acids,  or  polynucleotides,  as  they  are  called,  such  as  are  found 
in  the  nuclei  of  all  celts  thus  far  examined,  leaving  the  slDipler,  or  mono- 
nucleotides, such  as  gaanylic,  or  inosiuic  acid,  for  later  consideration. 

The  true  nueleic  acids  thus  prt^pared  by  Neumann's  metJiod  are 
oxlreinely  uiuirBble  if  heated  in  the  presence  of  anids;  or  even  if  lefl 
in  an  acid  solution  for  a  short  time  at  room  temperature.  They  dcwom- 
pose  on  prolonged  heating  with  3  per  cent,  sulphuric  acid,  or  by  heating 
under  pressure  with  acetic  or  other  acids,  into  orthophosphoric  acid, 
various  basic  substances,  i.c.,  guanine,  adenine,  cytosinc.  thymine,  uracil 
and  either  into  a  pentose  or  levulinic  and  formic  acids.  A  method  which 
^ves  the  gnanine  and  adenine  in  almost  quantitative  amounta  and  which 
is  ver>-  simple  is  that  of  Steudel,  wlio  treats  tlie  copper  salt  with  half- 
concentrated  nitric  acid. 

It  was  Kossel  who  showed  that  tlie  nur-lnlc  acids  split  under  acid 
hydrolysis  into  the  purine  bases,  ortliopliosphoric  acid,  levulinic  acid, 
or  a  pentose,  and  the  p>Timidiiie  bases  which  he  discovered  and  named. 
He  found  that  the  purine  bases,  some  pliosphorii-  acid  and  levidinie  acid 
appeared  verj*  easily;  the  remnant  of  the  molecule  consisting  of  phoa- 
phorie  acid,  carbohydrate  and  pyrimidine  bases  was  isolated  by  KosscI 
and  Neumann  and  called  tliymic  acid.  The  pyrimidine  bases  arc  far 
more  dilUcult  to  detach  from  the  molecule  than  the  i)uriues. 

The  work  of  Steudel  and  Ijevene  ha.s  shown  that  in  t)ie  nucleic  acid 
itself  there  are  two  piirim'  bases,  adenine  and  guanine  These  bases  arr 
hetcroc}'clic  compounds,  ntid  may  be  regarded  as  derivatives  of  thu  S(d>- 
stajice,  purine.  Caflfcine,  the  active  principle  of  coffee  and  tea,  is  a 
purine. 
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Purine. 
Products  of  hydrolysis. — Chemistry  of  ike  purines.    Guanine.    This 
purine  base,  CeHaNjO,  or  2-iinino-6-oxypuriiie,  or  2-amiiio-6-oxypurine, 
owes  its  name  to  the  fact  that  it  was  first  isolated  from  guano.    Its 
graphic  formula  is  either 

HN— C  =  0  HN— C  =  0 

HK  =  U     C— Ntt  ;or  H  N— C     C— NH, 

I     II  >CH  '        II     II  >CH 

As  may  be  seen  in  the  graphic  formula  it  contains  the  radicles  urcn, 
guanidine  and  tartronic  acid.  It  is  a  fairly  strong  base,  precipitated  by 
ammonia  from  its  aqueous  solutions,  a  peculiarity  which  makes  it  easy 
to  separate  it  from  adenine.  It  is  soluble  in  acids  and  in  strong  alkalies. 
It  is  precipitated  by  silver  nitrate  either  in  neutral  or  an  ammoniacal 
solution,  and  forms  double  salts  with  the  nitrate.  Its  nitrate  crystallizes 
readily.  The  nitrate  is  insoluble  in  strong  (half -concentrated)  nitric 
acid.  Guanine  crystallizes  readily  from  a  dilute  solution  as  the  picrate. 
It  forms  a  crystalline  compound  with  bichromates. 

Free  guanine  is  found  in  various  deposits  in  tissues.  Thus  it  is  found 
in  the  free  state  in  the  concretions  about  the  joints  of  hogs  suffering  from 
so-called  guanine  gout.  It  occurs  free  in  the  scales  and  skins  of  the  bony 
fishes;  and  in  the  swim  bladder,  to  which  it  gives  the  peculiar  pearly- 
white  appearance.  It  is  easily  isolated  from  these  sources  by  extracting 
with  dilute  acid  and  precipitating  with  ammonia.  On  oxidation  it  yields 
xanthine,  uric  acid,  allantoine,  urea,  oxalic  acid  and  other  substances. 

Guanase  is  an  enzyme  found  in  various  organs  of  the  body,  in  the 
liver,  spleen,  lungs,  etc.,  which  hydrolyzes  guanine  with  the  formation 
of  ammonia  and  xanthine : 

HN— C  =  0  JIN— C  =  0 

HN  =  C     C— NH.  -f  I!  O    =      O  =  C     C— NH ,  -I-  NK 

I  II      \cH      '  I  11      y-ii 

HN— C— N    ■^  HN— <!;- N     ^jj^  ., 

Guanine.  Xantiiine. 

Adenine.  This  base,  djHjNj,  or  6-amino  purine,  was  discovered  by 
Kossel  in  the  cleavage  products  of  the  nuclein  of  the  ox  pancreas  and 
called  adenine  (Gr.  adin,  gland)  because  of  its  origin  from  a  gland.  Its 
empirical  formula  is  that  of  a  polymer  oE  hydrocyanic  acid,  and  indeed 
hydrocyanic  acid  and  cyanogen  spontaneously  change  into  substances 
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which  are  allied  to  the  purines.  Adenine  has  been  found  to  be  pre- 
formed in  the  nucleic  acid  molecule  and  it  occurs  in  all  true  nucleic 
acids,  polynucleotides,  where  it  has  been  looked  for.  It  is  not  precipi- 
tated by  ammonia,  hence  its  separation  from  guanine.  Its  structural 
formula  is: 

N  =  C  — NH^ 
HC       C— NH   . 

iJ-«-N  >""  . 
Adenine. 
It  is  precipitated  like  guanine  by  picric  or  metaphosphoric  acid  and  fortoB 
crystalline  picrates.  It  is  usually  separated  in  this  form.  The  melting 
point  of  the  anhydrous  base  is  360-365°.  It  is  a  stronger  base  than 
guanine.  It  is  quite  stable  in  the  presence  of  mild  oxidizing  agents,  but 
is  easily  decomposed  by  acids  in  the  presence  of  a  reducing  agent.  A 
far  better  yield  is  obtained  by  Steudel's  method  of  hydrolysis  of  the 
nucleic  acid  by  nitric  acid,  than  by  hydrolysis  with  hydriodic,  or  other 
non-oxidizing  or  reducing  acid  reagents.  The  fact  that  the  base  is  so 
imstable  in  the  presence  of  reducing  agents  may  have  some  bearing  in 
cell  physiology,  since  the  nucleus  is  probably  always  situated  at  a  point 
in  the  cell  where  reductions  are  strongest.  Hydrochloric  acid  at  180-200° 
C.  decomposes  it  into  carbon  dioxide,  glyeocoU,  ammonia  and  formic 
acid.  Many  cells,  perhaps  all,  contain  a  ferment  known  as  "  adenase," 
discovered  by  Jones,  which  by  liydrolysis  converts  adenine  into  hypoxan- 
thine  as  follows: 

K  =  C— NHj  HN  —  C  =  O 

ni    i-NH,         +H0   =  H(l    6 -an         .j-nh 

Adenine.  Hj|ioxan  thine. 

Xanthine  and  Hypoxanthine.  Besides  these  purines,  which  pre-exist 
in  the  nucleic  acid  molecule,  there  are  often  found  among  the  products 
of  hydrolysis  of  nucleic  acids  by  acids  xanthine  and  hypoianthine. 
These  bases,  however,  are  produced  cither  by  the  action  of  the  aeid  on 
the  guanine  and  adenine,  or  more  often  by  the  action  of  en^mea, 
such  as  adenase  and  guanase  of  the  tissues,  which  liave  converted  the 
adenine  and  guanine  into  xanthine  and  hypoxanthine  before  the  nucleic 
acid  was  prepared.  Xanthine  is  2,6-dioxy  purine ;  hypoxanthine  is  6-oxy- 
pnrine. 

UN  —  c  =  0  hn  —  c  =  0 

II  II 

HC       C  — KHv  0  — C       C  — NH^ 

11        II  >CH  II        II  _>CH 

ijr  — C  — N    -^  TIN  — C— N     ^ 

Hypoxanthine.    C^jH^N^O;        Xanthine.    C^H^N^O^. 


THB  PItOTEraS 


in 


Santtiine  owes  its  name  (Qr.  xttitihos,  yellow)  lo  the  yellow  reaction 
it  gives  ivbea  lie&ted  to  dryness  in  a  porcelain  dish  with  nitric  odd. 
The  yellow  spot  moistened  with  sodium  hydrate  turns  £rst  red  and  then 
purple  red  on  beating,  in  distinction  from  uric  &cid.  It  was  discovered 
in  urinary  calculi  in  3817  by  Marcet.  On  drj'  heating  it  decomposes  into 
hydrocyanic  acid,  carbon  dioxide  and  ammonia.  It  is  both  an  acid  and 
a  base.  It  owes  its  add  properties  to  the  fact  that  by  a  tautomeric  rear- 
rangement of  the  molecule  the  enol  form  appears: 

UN  — C  =  0 

Enul  fonn  of  xtinthiiie. 

bydrogen  of  the  hydroxy!  is  replaceable  by  metals. 
flypoxanthine,  literally  littlo,  or  leas,  xanthine,  is  a  reduced  xanthine. 
Il  was  formerly  called  surkino.     It  is  6-oxypuriuo,  having  the  following 
formula: 

HO— C— STIv 

llj-pnuaiilhlue. 

Hypoxunt-hitie  forms  small  colorless  needlra.  It  docs  uol  give  the 
xanthine  reaction  with  nitric  acid,  nor  iloi-s  it  give  the  Weidel  reaction. 
With  hydrodiloric  acid  and  ziuc  a  solution  of  hypoxanthlue  becomes  first 

■  a  ruby  red  and  then  turns  bro^'nisb  red  on  addition  of  alkali.  Hypo- 
xaiithiue  is  soluble  in  dilute  alkalies  and  is  not  prccipitntod  by  ammoma. 
AVhen  treated  with  ammonia  and  an  ext-ess  of  silver  nitrate,  a  crystaUino 

■  comjiound  having,  when  dried  at  120*,  a  eonstant  composition  of 
2(CiIl3Ag.,.N,0)nj,0  separates  out.  Use  is  made  of  this  in  tlie  quanti- 
tative separation.    Hyposanthine  picrate  is  little  soluble.    Hypoxanthine 

■  as  well  as  other  purines  which  have  the  nitrogen  at  number  7  or  the 
earbou  in  H  unsubstitiited  give  i-ed  azo  compounds  with  diazo-henzolsul- 
phooie  acid  in  alkaline  or  neutral  solution.    The  compound  is  probably 

■  of  the  following  nature: 

■  ON— C  =  0 
^^^^K                        OC    C— NH. 
^^^^^                        HN— ^N  ^ 

^  Some  pyrimidins  p've  lliis  reaction  also.  All  purines  are  precipitated  by 
eupric  sulphale  and  a  reducing  substance  such  as  sodium  bisulphite. 
Iliey  form  insoluble  cuprous  compounds.    This  is  the  basis  of  their  quao- 
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titative  determination  by  the  Krijger-Schmidt  method.  Hypoxanthine  is 
present  in  nearly  all  cells.    It  is  a  constituent  of  inosinic  acid  of  muscle. 

Pyrimidine  bases. — Nucleic  acid  yields  two  or  three  pyrimidine  bases 
when  it  is  hydrolyzed  long  enougli,  but  probably  only  two  of  them  are 
preformed  in  the  molecule,  urauil  being  formed  from  the  cytosine  during 
the  hydrolysis.  These  bases  were  discovered  by  Kossel.  They  are  thy- 
mine, cystosine  and  uracil. 

Thymine.  This  is  2,6-dioxy,  5-methyl  pyrimidine.  The  structural 
formula  is  as  follows : 

HN— C=:0 
0  z=  C     O— CH         Tiie  empirical  formula  is  C  H  N  O  . 

It  was  first  isolated  from  the  hydrolytic  products  of  thymic  acid  obtained 
from  the  thymus  gland,  hence  its  name.  The  pyrimidinea  are  found  very 
generally  in  cells  not  only  in  nucleic  acid  but  as  glucosides.  Vicin 
and  eonvicin  discovered  by  Ritthaiistm  and  Preuss  arc  hexose  glucosides 
of  pyrimidines.  Thymine  crystallizes  from  cold  water,  in  which  it  is 
little  soluble,  in  the  form  of  clusters  of  small  leaves  or  needles.  (m.p. 
about  321'.)  Thymine  sublimes  undceomposed.  It  is  not  readily  pre- 
cipitated by  ammonia  and  silver  nitrate.  It  is  precipitated  by  phospho- 
tungstic  acid. 

Cytosine.    This  is  2-oxy,  6-amino  pyrimidine  or 
N  =  C— XH 

Q  =  V.       C— II        01  G  H  N  O 

I       II  V 

UN  —  C— H      j 

Tlie  free  base  is  little  soluble  in  water  and  crystallizes  in  thiu  plates  with 
a  mother-of-pearl  glance.  It  is  precipitated  by  silver  nitrate  in  the 
presence  of  an  excess  of  barium  hydroxide,  and  by  phosphotungstic  acid. 
It  gives  the  mureside  reaction  with  chlorine  water  and  ammonia.  Like 
uracil  it  also  gives  a  violet  color  when  treated  witli  bromine  until  cloudy 
and  then  baryta  water  added  (Wheeler  and  Johnson). 
Uracil  is  2,6-dioxy  pyrimidine. 

IIX— C  =  0 
0(J    cii 

The  reactions  of  this  base  arc  niui-h  like  those  of  cytosine,  but  it  is  not 
precipitated  by  phosjihotung.stic  aoid.  It  is  only  imperfectly  precipi- 
tated by  silver  nitrate  and  baryta  water.  It  erysfaliizes  from  water  in 
clusters  of  needles.    It  is  nearly  insoluble  in  alcohol  and  ether.    Unlike 
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tliymiue  it  do«s  not  sublime  uutlcoompotied,  except  on  Yciy  careful  Iteat- 
ing.  GcncraUy  doeomposition  takes  place  with  the  formation  of  red 
vapors. 

Carbohydrate  group. — All  Irue  iiuulcio  acids,  or  polyuucleotidee,  of 
animal  origin  tlius  far  examined  have  been  found  to  cootain  a  liexose 
group,  or  several  of  them ;  wliL-reii:«  the  aucleie  acid  from  yeaat  and  that 
from  whejit,  vailed  tritico-uuclvic  acid,  contain  a  pentose.  Kossel  dis- 
ooTCrod  that  ou  hydrolysis  tlio  tliyinus  nuctcic  acid  yielded  IcYulinic  acid 
aod  fonoie  acid.  It  docs  not  yield  a  reducing*  sugar.  Tho  production 
of  lovulinic  end  formic  a«id  indicated  clearly  the  presence  of  a  hexoeo, 
since,  as  we  have  se«n  in  the  chapter  on  carbohydrates,  tho  hexoses  yield 
these  bodies  when  heated  with  acid.  Ou  tho  other  hand,  he  found  in 
yeast  nucleic  acid  ou  hydrolysis  no  lovuliuic  acid,  but  a  reducing  sugar 
which  gave  large  quantities  of  furfural  whcu  distilled.  This  allowed 
tlte  carbohydrate  in  this  uut-Ieic  acid  to  be  a  jicntosc.  Nucleic  acids  From 
iish  spvrm,  thymus,  «plueu,  liver,  U^tcs,  piuicrcas,  supra-rcnals,  brain, 
lining  of  tlic  alimentary  canal  and  kidneys  havo  all  boon  fo\ind  to  yield 

wlevulinic  acid  and  hence  contain  bexo&««  in  the  raolcculc.    The  nature 

Vof  this  bexose  is  still  uncertain.  It  gives  a  saccharic  acid  (episoccharic 
acidj  of  as  yet  undetermined  nature  when  the  nucleie  acid  is  hydroly:cod 
with  nitric  aeld  (Steudel).  It  has  recently  been  suggested  (Feulgeo) 
that  it  is  of  the  nature  of  glucal,  an  aldehyde  derivative  of  glucose, 

HC«U(0,.  Glucal  is  on  unstable  toxic  substance.  (Uupublishcd  obser- 
\-ations.)    When  a  pentose  is  ]>niSiMil  it  is  d-riboae. 

That  the  substances  thus  obtained  coustituto  all  that  there  arc  in 

Ktbo  nacloic  acid  molecule  is  made  probable  by  the  recent  work  of  Stoud*;! 

^^and  Levone.  Steudel  by  moans  of  his  nitric  acid  method  of  hydrolysis 
obtains  nearly  a  quantitative  yield  of  the  purine  bases.  The  phosphoric 
acid  is  easy  to  determine,  but  the  determinations  of  the  carbohydrate 

Piuid  tlic  pyrimidinwt  ai-e  still  far  from  being  quantitative.  Sleudel  gives 
tho  Following  result  of  an  altciupt  at  a  quaulitative  analysis.  It  is 
aasumcd  that  the  molecule  contains  four  phosphoric- acid  groups;  two 
purines;  two  pyritnidincs;  and  four  carbohydrate  nuclei.  Ue  found 
28.95  per  cent,  of  the  total  nitrogen  as  gvinninc  nitrogen;  3^.42  per  cent. 
as  adenine  nitrogen;  11.47  per  cent,  ni^  cytosine;  and  13.11  per  cent  as 
thymine  nitrogen,  making  a  total  of  92  per  cent,  of  the  whole  nitrogen. 
A.H  the  methods  are  not  exactly  quantitative,  it  is  clear  tbat  these  four 
bases  are  probably  the  only  ones  present.  The  amounts  of  the  bases 
olated  and  computed  were  as  follows: 


CnmiinbHl 

Found 

Cunnine 

10,72 

9.01 

AdeniiU! 

9.6$ 

ia.«8 

Cyatoaine 

T.8B 

4.26 

Thymio*    .        . . 

..     B.M 

8.S3 
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As  some  of  the  cytosine  is  unavoidably  converted  into  uracil  by  the 
hydrolysis,  the  agreement  must  be  considered  as  very  satisfactory. 

To  determine  the  carbohydrate  he  weighed  the  levulinic  acid  formed 
and  computed  from  the  figures  of  Conrad  and  Gultzeit  how  much  carbo- 
hydrate this  amount  of  levulinic  acid  represented.  His  complete  analyses 
of  thymus  and  sperm  nucleic  acids  were  as  follows : 

Com|)iilo<l  for  Ct]lliiNiiOtgPi       Fonnd 

Guanine   10.88  8,7 

Adenine    9.73  10.6 

Tliymine    9.08  8.2 

Cytosine    0.15  4.2 

Phosphoric  ncid    20.46  20.31 

Uexose 51  fi7 

111.20  I0B.9 

The  decomposition  may  be  represented  as  follows : 
*^««,rN.,P.<>,o  +  8".0  =  C,H^N,0  +  C^H^N^  +  C^H^N^O.  +  C^H  N,0  + 
Nucleic  acid.  Guanine.        Adenine.      Thymine.       Cytosine. 

4C.I1,  O   +4IIP0. 

Hcxose.     MetaphoBplioric 
Acid. 

The  agreement  is  as  good  as  could  be  expected.     Nucleic  acid  consists, 

them,  of  these  few  building  stones  and  50  per  cent,  of  the  molecule  is 

carbohydrate.     Tlic  nature  of  this  carbohydrate  of  the  animal  nudeie 

acids  has  not  yet  been  determined  beyond  the  fact  that  it  is  a  hexose. 

It  is  possibly  not  always  the  same  hexose. 

Structure  of  the  molecule. — We  may  now  take  up  the  problem  of 
the  way  in  which  these  smaller  molecules  are  united  to  build  up  the  big. 
Kosscl  very  early  suggested  that  nucleic  acid  was  composed  of  a  polymer- 
ized metaphosplioric  acid  to  which  the  bases  and  carbohydrates  were 
attached  and  structural  formulas  based  on  iiis  findings  were  proposed  by 
Bang  and  Osborne  and  Harris.  In  these  suggestions  tlie  backbone  of 
the  molecule  consisted  of  four  molecules  of  phosphoric  acid  to  which  the 
bases  and  carbohydrates  were  attached.  Tlie  real  structure  of  the  mole- 
cule has  been  elucidated  largely  by  the  work  of  Neuberg  on  the  simple 
nucleic  acid,  inosinic  acid,  and  of  Bang  and  Levene  and  Jacobs  OD 
guanylic  acid.  Since  these  last  two  acids  have  contributed  to  our  under- 
standing of  the  structure  of  tlic  luideic  acid  moloi;iile,  we  may  stop  and 
consider  them  licrc,  although  thoy  are  possibly  not  constituents  of  the 
nuclei. 

Guanylic  acid. — This  is  an  acid  belonging  to  the  general  group  of 
nucleic  acids,  but  being  less  complex  than  those  found  in  the  cell  naclet 
It  was  isolated  by  Bang  from  the  ox  pancreas  and  was  found  by  him  to 
contain  no  other  base  than  guanine,  whence  its  name,  phosphoric  acid 
and  a  pentose.  Bang  thought  it  contained  glycerol,  but  this  was  incor- 
rect.   This  acid  is  found  in  the  ox  pancreas  in  addition  to  the  real  nudeie 


THE   PROTEINS 


ITI 


lid  wliich  we  have  been  consideriDg.  It  has  been  obtain«<I  also  from 
ic  liver  and  Hplcva  uad  from  yeast.  It  is  best  obtained  Emm  Ham- 
Bu's  nuclvoproteid  iu  the  following  we^: 
if  Uie  fresh  pancreafi  of  the  ox  is  hashed  and  boiled  with  water, 
FHanuiiarstcii  found  that  a  nnclcoproteid  went  into  solution  in  the 
E«a.ler,  from  which  it  could  be  obtaiued  by  sligliUy  acidifying  with  acetic 
:td,  the  nuclooproteid  being  precipitated.  The  gland  n-sidue  from 
which  tliis  iiucleoprotuid  has  been  extracted  will  yield  the  true  nucleic 
acid  of  the  type  of  those  already  considered,  if  treated  by  Neumann's 
method.  The  guanylic  acid  is  separated  from  the  nucleoproteid  precipi- 
tate by  redissolving  in  sodium  hydrate,  reacidifyinp,  precipitating  and 
SIterine.  The  filtrate  is  poured  into  alcohol.  The  Kuanylic  acid  precipi- 
tates as  a  powder.  This  guanylic  acid  Steudel  showed  contained  no 
glycerol,  no  levulinic  acid,  but  only  guanine,  plionphoric  acid  and  a  pen- 
tose. Its  constitution  w&fi  worked  out  by  Leveue,  who  succeeded  in 
isolatii^  from  it  both  a  compound  of  guanine  and  pentose,  a  pentoside, 
or  a  nucloosido  as  ha  <-ulIcd  it,  guanosinu;  and  on  the  otiicr  hand  a  phos- 
phoric acid  pentose  compound.  These  facts  showed  that  the  pentose 
•ma  united  both  to  the  {riiunino  and  to  tlio  phosphoric  acid  and  that  its 

■  eompofiitioa  was  as  follows: 

■  OssC-^KH 
H                             ^              K     H      a      H  11 

k    "o-f-^-^-r-^'i-'i-'C-Lu'™ 


L 


u    u 


m  OH 


I 


GuAiiylio  add. 

Whil«  ils  molen-uUr  weight  has  not  been  directly  dct«rmiued,  the  cora- 
potuida  it  forms  kave  little  doubt  tliat  it  is  but  a  single  molecule,  a  mono- 
nucleotide as  [jevene  and  Jacobs  call  it.  The  character  of  the  pentose  was 
long  in  doubt,  hut  the  authors  just  mentioned  have  shown  that  it  is 
d-ribose,  a  levo-rota1ori>',  aldose  pentose  of  the  arabinose  type  not  pre- 
viously known  to  occur  in  animals.  Tlie  point  of  union  of  the  sugar 
with  tiie  guanine  is  not  yvt  certain,  but  it  Is  either  iu  purine  7  or  8  aa 
is  figured,  and  probably  the  latter,  altliougli  Burian  thought  the  union 
was  io  number  7.  Ouanosinc  is,  therefore,  a  pentoside.  It  may  be  men- 
tioned that  tlie  position  of  the  attachment  of  the  phosphoric  acid  in  the 
sugar  is  also  uncertain.  Guanosine,  C,oH,^,On,  docs  not  reduce 
Fchling's  solul Ion  until  it.  is  di^-oiiipowd  f«JV= — fiO.52. 

Ouanylio  acid  bas  also  been  separated  from  ox  liver  and  Jones  suc- 
ceeded in  getting  it  from  yeast  nucleic  acid  by  a  quick  digestion  by  an 
en2^rme.  tetra-nurleotidase,  found  in  the  pig  pancreas.  Qu&nylic  acid 
ia  dextro-rotatory. 

Inosioic  acid. — This  is  an  acid  similar  to  guanylic  acid,  but  it  ia 
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composed  of  a  molecule  of  hyposanthlne,  a  peutose  and  phosphoric  acid. 
It  was  isolated  from  Liebig's  beef  extract  and  is  supposed  to  occur  in 
muscle.  Whether  it  does  pre-exist  in  the  muscle  is  probable,  but  not 
certain.  It  was  the  study  of  this  acid  by  Neuberg  which  really  gave  tiie 
key  to  the  structure  of  the  nucleic  acids.  Neuberg  thought  it  had  the 
formula  0 

Hy  po  xan  th  i  n — 0 —  P — 0 — pen  tose 

OH 
But  Levene  and  Jacobs  isolated  from  it  a  compound  called  inoHn,  a  union 
of  pentose  and  hypoxanthiuc,  showing  that  inosinic  acid  must  have  a 
formula  similar  to  guenylic  acid.  It  is  not,  however,  identical  in  its 
structure.  Prom  yeast  another  pentoside  was  isolated,  an  adenine  pen- 
toside  called  adenosine.  Guanosine  had  already  been  isolated  by  Schulze 
from  plants  and  called  by  him  vernin. 

Nucleic  acid. — Levene  and  Jacobs  have  also  isolated  other  fragments 
of  the  molecule  of  yeast  and  thymo-nucleic  acid.  They  conclude  from 
their  work  and  that  of  Steudel  that  the  structure  of  thymus  nucleic  acid 
is  probably 

j OC— NH 

H  H      O      H      II  II 

j  III'  Nil— d       (i— Nil, 

H_fc  _  d  — c  — c  — c  — c— r/        II     II 

I        1    1     1      '      i        ^N  — d— N 

I  OH  H      OH    OH    H 

o 

no— p=o 

I  0   on 

A  11/ 

0         0— P— OH 


I       I      I     H    n    0 

H  — 0  —  C  — C  — C  — C  — C     —  Tliyniinc. 

H     a    H     Ah  i    ir 


H  H      H       OH 


H 


H  — C   _  C  — C  — C  — C  — C        -- 

i 


Jr    i 


Cytosine. 


O       0— POH 
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H(>-P  =  0 
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6       OH    H     OH    OH    H 


H^N— C  =  N 


„_A_Ui_i_i_i_c/«"— V 


C— H 


k  ^  Lin   ^^•'— i-» 


Tbymo-nnclcic  acid  (Levene  and  Jacobs). 
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This  would  corrijapoud  vritli  Steiidcrs  fonnula,  C„H„N,jO„P,.  Such 
a  nucleic  acid  would  be  a  Uttra-nuolcofide. 

"While  tlic  facts  Mcm  to  bear  out  this  fonnula,  ia  its  maiu  features 
at  any  rat«,  it  cannot  be  said  that  it  is  as  yet  couclusively  «stablislicd. 
The  exact  point  of  atiacbmcut  of  the  pkosplmric  aeid  to  th«  suffor  is  still 
obscure.  The  great  difBculty  ot  hydnilyzing  llie  di-nueli?otido,  thymic 
acid,  seemed  lo  indicate  that  tlie  uniun  b»?tw«cn  the  pyriniidiiit.'  uueleo- 
tides  was  not  through  phos[ilioric  acid,  but  was  an  ether-like  union.  It 
will  be  noticed  that  Ihc  molecule  as  written  in  the  LeTene- Jacob's  formula 
is  hexabasic. 

Anotlicr  possible  formala  would  be  the  following; 


no 


o 


()- 


im^c=N 


t—b—t—b-c^ii-rC  „    L   1 
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!I      II      O      II       H 
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U     II 


H      H 


Li:-Ut-c!- 


Ujtovine 


0  -  c—vn 
.NH— c  cim. 
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II     OH   H     OH   OH   H 

Nucleic  ■ciJ.    A  pcBsible  formiil*. 
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Does  nucleic  acid  exist  outside  the  nucleus? — There  are  sowral  very 
iutercating  questions  as  yet  unsolved  concerning  the  location  in  the  cell 
of  the  nucleic  acid,  it  8«cms  probable,  though  there  is  nothing  really 
known  about  it,  that  guanylic  and  iuosinlc  aeid  may  be  in  t^ie  cyloplaam 
of  the  cells  in  which  they  occur,  though  Ihey  may  he  in  the  nucleus.  It 
ia  possible  that  they  do  not  exial  free  in  the  cell,  but  arc  united  with  llie 
true  nucleic  acid  and  are  set  free  by  endocetlular  enzymes.  Nothing  is 
really  known  about  tlieir  function  or  location.  Their  staininjj  reaction 
will  probably  resemble  that  of  tJie  real  nucleic  acids.  Guanylic  acid 
gelalinizes  much  as  the  miclcic  acids,  and  it  was  this  pro|)(>rty  that  caused 
Kang  lo  mainlain  that  it  must  be  more  complex  than  a  single  niieleotide. 
Inosinic  acid  is  probably  the  source  of  the  hypoxanthine  of  miisde  and 
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it  ia  very  interesting  that  this  substance  is  increased  during  muscular 
contraction. 

There  can  be  little  doubt  that  the  true  nucleic  acids,  that  is  the  poly- 
nucleotides, like  thymus  nucleic  acid,  are  found  only  in  the  nucleus.  This 
was  first  indicated  by  the  work  of  Kossel,  wlio  determined  the  amount 
of  purine  bases  obtainable  from  different  tissues.  The  amount  ran  pro- 
portional to  the  amount  of  nuclear  material  present ;  it  was  high  in 
embryonic  tissue ;  in  the  thymus ;  and  low  in  muscle.  It  is  shown  also 
by  the  fact  that  no  nucleic  acid  is  found  in  some  unfertilized  eggs  where 
the  nuclei  are  very  small  in  proportion  to  the  cytoplasm,  and  none  in  the 
mammalian  red  blood  cells  which  lack  nuclei.  On  the  other  hand,  nucleic 
acid  is  found  wherever  nuclei  occur,  as  in  the  red  corpuscles  of  bird's 
blood  which  are  nucleated.  It  has  never  been  shown  positively  to  be 
a  constituent  of  the  cytoplasm,  but  it  is  certain  that  it  is  found  in  the 
nucleus.  It  is  probable,  tlierefore,  that  it  is  confined  to  the  nucleus,  bat 
there  are  some  facts  which  may  be  urged  against  this  conclusion.  For 
example,  some  believe  that  nucleic  acid  is  found  in  the  cytoplasm,  because 
not  all  the  cytopltismic  phosphoric  acid  in  organic  union  is  split  off  from 
its  union  by  sodium  hydrate.  If  the  substance  in  the  cytoplasm  was  a 
vitellin,  or  casein-like  compound,  it  would  presumably  have  been  split 
off.  Nucleic  acid,  unlike  the  phosplioprotcins,  does  not  split  off  its  phos- 
phoric acid  when  treated  by  alkali  hydrates.  And  recently  nucleic 
acid  has  been  found  in  the  sea-urchin's  egg,  where  the  nuclei  are  very 
small.  The  author  got  a  substance  with  some  of  the  properties  of  nucleic 
acid  in  some  quantity  from  unfertilized  eggs  of  the  sea-urchin.  It  could 
not  be  positively  identified,  however,  as  the  quantity  was  too  small.  In 
all  these  cases,  then,  it  is  still  uncertain  whether  the  substances  described 
were  really  nucleins,  and  the  probability  is  that  they  did  not  contain  true 
nucleic  acid.  Further  work,  however,  is  necessary  on  this  subject  before 
a  definite  statement  can  be  made  that  nucleic  acid  is  never  found  in  the 
cytoplasm.  It  is  certain,  however,  that  most  of  the  phosphoric  acid 
compounds  in  the  cytoplasm  are  not  nucleic  acids. 

Are  all  nucleic  acids  the  same? — The  question  whether  all  animal 
nuclei  contain  the  same,  or  different,  nucleic  acids  cannot  be  answered 
definitely,  since  only  two  of  the  animal  nucleic  acids  have  been  accu- 
rately examined,  namely  that  of  the  sperm  of  herring  and  from  the 
thymus  gland  of  calves.  These  two  acids  appear  to  be  identical.  They 
contain  the  same  bases  in  the  same  proportions  and  they  have  the  same 
physical  properties.  Until  the  nature  of  the  carbohydrate  is  discoT- 
ered  it  is  impossible  to  say  whether  they  contain  the  same  carbohydrate, 
but  all  indications  are  that  these  two  nucleic  acids  are  identical.  Since 
they  come  from  such  widely  different  sources,  it  would  indicate  that 
probably  the  same  nucleic  acid  is  found  in  totally  different  kinds  of  cells, 
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a  CODclusiou  of  tlic  utmoul  importance  iii  interpreting  Uic  probable  role 
of  om'leic  ai-'id  in  the  ccU.    All  other  nucloic  acids  of  animal  origin, 

I  except  guanvlic  and  ioosinic  acids,  have  been  found  to  yield  the  same 
■plitting  products  nlion  hydrdyzed,  so  tUat  Uicy  must  bo  cloaol/  similar 
to  thyiauB  nucleic  arid,  if  thoy  ar«  not  identical  with  it. 
On  tlie  other  hand,  only  two  plant  uiKrlL-ie  iieids  have  been  carefully 
examined.  Tiicsc  art)  trilit-unucUric  arid  from  whojit,  uud  yetist  uuclcie 
acid.  Thcso  aixi  apparently  idcniic-al,  and  thoy  dilTcr  from  the  animal 
nucleic  aeida  in  ha\inf>:  d-ribos{^,  a  pcntosQ  sugar,  in  tliA  place  of  a  hcxoM. 
They  may  also  differ  iu  other  particulars.  Tho  composition  of  neither 
of  then  acids  is  exactly  known,  and  particularly  tho  raoloeular  weight 
has  not  l>oen  determined.  Steuders  analyses  indicate  liiat  yeast  nucleio 
acid  may  be  a  tri -nucleotide  and  not  a  tetra>uucleotide,  as  Lcvene  tbinhs. 

rHo  one  has  as  yet  isolati.-*]  ynaKt  nucleic  acid  which  on  anatytua  would 
yield  Ggurca  for  cjirlKin,  phasphorus  and  nitrognn  comimrablc  with  a 
tctra-nuck-otidc.  Hut  this  may  be  <luu  to  the  fart  that  yeaal  contains  a 
nucleotidase,  and  possibly  if  some  of  the  yeast  cells  are  dead  when  ana- 
lyzed a  partial  diftestion  of  the  nucleic  aeid  may  have  token  plaec.  Only 
fresh,  living,  active  yeast  should  be  u>iod  for  Uic  preparation  of  this  aeid. 

I  Another  possibility  whitJi  ctwnpliealea  the  question  of  tJie  identity 
of  the  nucleic  acids  is  that  in  the  nucleus  we  may  have  a  polymer  of  a 
tetranucleotidc,  as  Stinidel  lias  sugRcsted  for  the  sperm  head.  He  found, 
namely,  that  tho  viaccHity  of  tlio  aoliition  of  the  herring  sperm  beads  in 
alkali  was  neater  than  an  equivalent  solution  of  protaiainc  nucleate ;  and 
he  infen"Cd  from  this  a  different  state  of  apgi-egation  of  the  nucleic  aeid 
outside  and  inside  tho  cell.  It  is  of  course  possible  that  soma  otlier 
factor  than  that  suggested  was  rosponsiblo  for  tho  observed  result. 

The  tentative  eoueluBion  may  with  all  reserve  be  drawn  from  the  fore- 
going facts,  that  the  nucleic  acids  of  different  nuclei  of  animal  tisaaes 
are  certainly  closely  similar  if  they  are  not  identical ;  but  that  they  differ 
it)  their  carbohydrate  radicles  from  such  plant  nucleic  acids  as  have 
I>e«D  examined.  It  is  possible  that  the  hexosc  component  will  not  be 
found  to  be  the  same  everywhere.  Their  similarity  would  clearly  indi- 
cate that  nucleic  acids  hove  the  same  function  in  all  eeUs.  If  it  inter- 
venes actively  in  coll  metabolism,  it  must  be  in  connection  with  some 
fundamental  cell  property  such  as  growth,  irritability  or  respiration 
which  is  common  to  all  cells.  It  may  he,  howe\'er,  that  it  has  only  the 
function  of  a  supporting  structure,  or  aids  in  keeping  the  physical 
viscAsity  of  the  nucleus  what  it  has  to  be.  In  favor  of  this  view  it  may 
be  mentioned  that  it  is  a  fairly  stable  substance,  otherwise  it  could  not 
accumulate,  and  its  most  probable  function  would  appear  to  the  writer 
to  be  that  it  sen'es  as  a  colloidal,  g»!iitinoiU!  substratum  in  the  nature 
of  an  organic  skeleton  to  which   the  speciflrally  aettve,  more   labile, 
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albuminous  constituents,  possibly  of  a  catalytic  nature,  may  be  attached. 
Forming  a  firm  union  with  the  acid,  these  active  substances  may  be  thus 
confined  to,  or  located  in.  the  nucleus  from  which  they  may  at  times  get 
free.  But  nothing  positive  as  to  its  function  can  be  stated  without  farther 
investigation. 

It  is  of  interest  to  recall,  in  view  of  the  fon^ing  statement,  that  all 
so-called  nuclear  stains  of  a  basic  nature,  with  the  exception  of  the  mor- 
danted stains  such  as  iron  hematoxylin,  combine  with  the  nucleic  acid. 
In  thus  following  the  chromatin  and  chromosomes  by  means  of  these 
stains,  cytologists,  if  the  view  stated  above  of  the  significance  of  nucleic 
acid  is  correct,  may  be  following  the  inert  skeletal  material  of  the  nucleus, 
while  the  active  albuminous  material  is  entirely  neglected  for  the  reason 
that  it  does  not  gel  and  does  not  stain  with  basic  dyes.  All  theories  of 
inheritance  based  on  the  behavior  of  the  nucleic  acid  of  the  nacleas,  that 
is  the  behavior  and  number  of  the  chromosomes,  must  be  accepted  only 
with  the  greatest  resen-e.  until  the  function  of  this  substance  may  be 
shown  to  be  something  more  than  a  skeletal  substance.  We  have  as  yet 
no  ohemioal  evidence  that  the  different  chromosomes  have  different 
□ueleio  acids  in  them,  but  such  evidence  as  we  have  is  contrary  to  this 
view.  If  the  chromosomes  do  differ  chemically,  as  perhaps  thdr  indi- 
vidual and  peculiar  shapes  and  sizes  may  indicate,  it  is  more  probable, 
as  we  shall  shortly  see.  that  ther  differ  in  their  protein  or  basic  rather 
than  in  iheir  acid  moieties. 

THE  BASIC  CONSTITUENTS  OF  THE  NUCLEUS.— Nuddc 
acid  is  either  a  hexa-  or  tetra-basic  aoid.  probably  the  former;  and  it 
forms  a  series  of  salts.  We  have  now  to  ask  the  question  with  what  basic 
suterano^s  is  nncleic  acid  united  in  the  chromatin?  Are  the  bases  organic 
or  inorganic  I 

It  is  probable  that  some  inorganic  bases.  i.e..  calcium,  are  present; 
:t  is  certain  that  organic  bases  of  a  protein  nature  are  always  present 
Ti.e  only  nuclei  carefnlly  examined  in  a  clean  form,  free  from  cytoplasm, 
are  the  sperm  heads,  and  possibly  the  nuclei  of  birds'  corpuscles.  These 
a" ways  yield  some  calcium  phosphate  when  dissolved  or  ashed.  It  seems 
certain  that  calcium  is  generally  present.  MacCallum.  from  cytolo^cal, 
microchemical  studies,  has  conolud.'d  that  nuclei  contain  no  potassiTUii, 
since  aro-.:nd  the  outside  of  the  miolous  he  generally  obtains  a  depomt  of 
potassiun-cobalTo  niiriie  by  his  molhod.  but  none  in  the  nucleus.  But  to 
his  conc'.asion  it  may  be  objeetcil  that  the  place  where  the  precipitate 
forrcs  is  no:  necessarily  indii'alive  of  the  location  of  the  solublfl  salt 
There  :?.  indeed,  very  little  evidouoe  of  what  inoi^nic  salts  or  bases  we 
have  i=  :l?  riTiiVas  itself.  This  question  must  be  left  for  further  woifc 
Ii  app^-ars,  from  some  rcivnt  work,  that  iron,  contrary  to  an  earlier  view, 
i*  not  prfsen:  in  all  nuclei. 
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The  organic  bases  which  occur  id  some  chromatins  are  among  the 
iot«r<»tin{r  substances  in  the  eel],  whether  considered  from  the 
iologicaL  or  chemical  point  of  ^-iew.  Our  knowledge  of  these 
the  study  of  which  gave  Kossel  the  clew  to  the  constitution 
of  the  proteins,  we  owe  chiefly  to  Kossel  and  Mieschcr  and  pre-eminently 
to  the  former.  These  bases  are  protein  in  nature  and  consist  cither 
of  banc  proteins  called  protamines  or  histones,  or  of  other  more  com- 
plex proteins. 

The  protamines. — II  (he  sperm  heads  of  the  salmon,  sturgeon,  her- 
ring and  other  fishes  are  extracted  with  10  per  cent,  sulphuric  acid,  or 
hydrochloric  acid,  there  goes  into  solution  about  VJ  per  cent,  of  the  dr>', 
alocAol-  and  ethcr-e.xtractcit  heads.  The  nuolc-ic  acid  remains  behind 
more  or  less  altered  and  insoluble.  Three  extractions  of  the  heads  with 
10  per  cent,  sulphuric  aeid  for  about  half  an  hour  at  a  time  will  take  out 
practically  all  of  the  removnble  base.  The  substance  which  goos  into 
solution  as  a  sulphate  is  of  a  protein  nature ;  when  precipitated  by  alcohol 
as  the  sulphate  it  is  a  white,  somewhat  hygroscopic,  amorphous  powder, 
giving,  in  the  case  of  (he  herring:,  sabnon  and  stuTgeon  sperm,  no  Millon, 
or  xanthoproteic,  or  tryptophane  reaetion.  but  a  good  biuret  reaction. 
This  substance  was  named  protamine  by  its  discoverer,  Miesclier,  who 
obtained  it  from  salmon  sperm  (Gr.  protos,  first,  amine).  TJie  protamine 
from  salmon  is  called  salmin. 

■  General  properties.  The  protamines,  although  individually  diiferent, 
have  the  following  properliea  in  common:  In  the  free  slate  all  are  strong 
bases,  alkaline  to  litmus,  and  not  precipitated  by  ammonia.  They  give 
a  splendid  biuret  test,  but  Millon,  xanthoproteic  or  Adamkicwicz  reac- 
tions are  in  many  cases  negative,  but  in  some  protamines  positive.  They 
are  digestible  by  trypsin,  but  not  by  pepsin -hydrochloric  at;id;  they  are 
readily  soluble  in  water,  but  not  in  alcohol,  and  their  sulphates  sBparaTe 
as  an  oil  when  the  8»tnral<id  aqufons  snliition  is  shaken  with  ether.  Thi^y 
are  not  fongnlated  or  changed  hy  lieating.     They  prerlpitale  proteins  by 

■  uniting  with  them  in  ammoniacal  solution,  and  this  is  a  very  delicate 
lest  for  them.  In  this  renpoct  tlipy  act.  like  metallic  bases.  Unlike  most 
proteins,  they  arc  precipitated  from  a  neutral  solution  by  neutral  solu^ 
tious  of  sodium  pierate,  ferrocyanide  or  lungBtate,  and  they  may  even 
bo  precipitated  in  faintly  alknline  sohilions.  The  reason  for  this  pecu- 
liarity hafl  already  boun  explaim'd.  They  are  such  strong  bases  that  their 
molectUes  are  electro- positive  even  in  faintly  alkaline  solutions.  On 
analysis  thfy  I'onsist  of  carbon,  hydrogt^n,  oxygen  and  nitrogen,  but  they 
contain  no  !<uiphur.     The  elementary  analytics  of  some;  arc  as  follows: 

n  TT  V          0  Fi  CI 

C1u|mIii AIM  -M  3l.il9  12,78        —          —      Free  bnse. 

Salmin      ..., 22.90  4.32  14.S3  lt.7  24.T.1  2(1.16     Pint  cliloride  ealt. 

Sturin S4JS  iA9  U.20  8.47  S.1I0  2£.4S 
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The  fommla  for  salnun  is  probably  CsoHj,N„Oe;  that  for  sturin, 
C„Hg9NigOi.    Their  molecular  weight  is  not  yet  determined. 

The  protamines  differ  from  all  other  proteins  in  the  small  number  of 
different  amino-acids  they  yield  on  hydrolysis  and  in  the  character  of 
these  acids.  Kosael  found  that  salmiu,  one  of  the  simplest,  yielded  87 
per  cent,  of  its  molecule  as  arginine,  and  it  was  this  discovery  which  sug- 
gested to  him  the  constitution  of  the  proteins.  The  composition  of  the 
hydrolytic  cleavage  products  of  numerous  protamines  is  given  on 
page  128. 

Does  the  sperm  chromatin  consist  exclusively  of  protamine 
nucleinate? — The  chromatin  of  the  sperm  head  is  supposed  to  be  the 
hearer  of  the  hereditary  qualities  and  zoologists  have  pictured  it  as  com- 
posed of  individual  units,  biophores  or  determinants,  each  of  which  rep- 
resents some  specific  unit-character  of  the  adult.  If  this  hypothesifl 
were  true,  we  should  expect  the  sperm  chromatin  to  be  extremely  com- 
plex; more  complex  indeed  than  any  chromatin  in  the  body,  since  it  is 
supposed  to  represent  them  all.  As  a  matter  of  fact,  chemical  examina- 
tion shows  this  chromatin  in  the  fish  sperm  to  be  the  simplest  found  any- 
where. The  heads  of  the  herring  sperm  do  not  contain  any  tyrosin ;  they 
give  no  Millon,  xanthoproteic  or  tryptophane  test.  They  contain  no 
coagulable  protein.  They  have  the  following  composition  after  extrac- 
tion with  alcohol  and  ether : 


Average 

c 

40.99—41.48 

41.20 

H 

5.62—  5.83 

5.75 

N 

20.78—21.44 

2i.oa 

P 

6,87—  6.33 

6.07 

Steudel  has  recently  confirmed  these  figures.  Accepting  his  formula  for 
the  composition  of  nucleic  acid,  C4sH5jN,5P,Oso,  and  Kossel's  formula  for 
clupein,  or  anlmin,  CjoH^jNuOa,  there  would  be  required  for  protamine 
nucleate ; 

Foil  11(1 

41.24 

5.27 
21.09 

6.02 
20.37 

This  formula  requires  64.8  per  cent,  nucleic  acid  and  35.2  per  cent. 

protamine.    He  actually  isolated  93  per  cent,  of  the  calculated  amountl 

of  each  of  these  substances  and  the  deficit  was  undoubtedly  due  to  the 

fact  that  the  methods  are  not  entirely  e.Kaet.    There  can  be  no  donbt, 

therefore,  that  the  chromatin  of  herring  sperm  when  fully  ripe  conmsta 

of  a  neutral  salt  of  protamine  nucleate.     Micscher  found  vei7  similar 

relationships  in  tho  salmon  sperm,  the  head  consisting  largely  or  wholly 

of  salmin  nucleate. 
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Nature  of  the  union  of  protamine  and  ntieUie  acid.  Tho  ease  witit 
which  iho  protamine  may  be  separated  ttom  the  nueloic  acid  by  acids 
or  alkalies  indicates  clenrly  tliat  Uie  two  are  iii  n  snil-like  union.  Prob- 
ably the  anion  is  between  Uic  free  amiuo  groups  at  tho  end  of  the  chain 
of  the  argiaine  and  the  avid  radicle  of  the  uucleic  acid  (St«udel).  By 
extraeting  first  with  alkali  these  free  amino  groups  of  the  ar^nino  of 
tlie  salniin  are  decomposed,  ammonia  being  set  free  and  ornithine  re- 
maining. If,  now,  tho  compound  is  acidified  a  reunion  of  the  nucleic  acid 
and  protamin  does  not  lake  place.  This  is  the  probable  basis  of  the 
Neumann  method  of  preparing  nucleic  acid.  But  ihere  can  be  equally 
little  doubt  that  we  often  have  other  tjian  salt  unions  between  the  pro- 
teia  and  nucleic  acid.  It  is  impossible  to  extract  all  the  protein  from 
the  nuclei  of  &I1  cells  by  acid.    Tho  union  is  too  6rut. 

Other  basic  conslituenta.  Jiiston«.  In  the  sperm  of  the  aea  urchin, 
■baoia,  tliG  author  isolated  by  acid  extraction  n  ba.sii!  prot<>in  resflra- 
ling  histone  in  some  paniculai-s  and  protamine  in  others.  About  11  per 
cent,  by  weight  of  the  alcohol  and  ether  e-ttraetcd.  dried  whole  sporm 
WM  extracted  by  acid.  The  arbaciii  sulphate  conrained  15.91  per  Cjcnt 
of  nitrogon,  whereas  protamine  sulphate  contains  about  25.13  per  cent. 
In  this  exporiraent  the  sperm  heads  were  not  separated  from  the  tails. 
iTbe  substance  was  not  a  true  hiatone,  for  it  did  not  precipitate  with 
onia,  ttxeept  very  incompletely,  Nncleic  acid  was  alBo  isolated. 
A^baciu  was  strongly  basic  and  gave  the  Milton  t«st.  Only  a  small  pro- 
portion, of  the  protein  coiilfl  be  t?stnicted  by  acid  from  the  sponn,  imli- 
cating  that  not  all  of  it  wns  in  a  ivalt  union,  or  cist:  that  the  lailN  mude 
a  very  considerable  proportion  of  the  whole. 

The  chromatin  of  both  thymus  Rlnnd  and  bird's  blood  corpuscles  con- 
a  basic,  simple  prot«in,  histone,  in  &  salt  union  with  nucleic  acid. 
This  fact  was  also  discovered  by  Kossel.  These  nuclei  havo  been  recently 
obtained  and  studied  by  Ackcrmann. 

The  method  of  isoJating  tlie  nuclei  has  already  liccn  given  (page  162). 
he  dried  nuclei  aftt-r  alcohol  and  ether  extraction  contained  3.93  per 
cent.  P;  17.20  per  cent.  N.  If  .Slcudol's  formula  for  micleie  acid  \s  used 
in  place  of  the  formula  employed  by  Arkermnnn,  it  ia  computed  from  the 
phosphorus  tliat  tho  mick-i  ^ronluin  43.96  per  cent,  nucleic  acid  and 
5G.01  per  cent,  of  hifitonc,  if  they  contain  only  histone  nucleate.  From 
■Steudcl 's  formiila  nucleic  acid  contains  15.18  per  cent,  of  N.  Henec  in 
100  grams  of  the  nuclei  containing  17.2  grnniR  of  nitrogen.  C.67  grams 
are  in  tlie  nucleic  acid  and  10.511  (>rams  in  the  histune.  Since  histone 
contains  18.3  percent.  N,  the  nuclei  must  contain  57,5  per  cent,  of  histone. 
Both  nitrogen  and  phosphorus  indicate,  therefore,  that  the  nuclei  con- 
tain 43-44  per  cent,  of  nucleic  acid  and  56-57  per  cent,  of  histone.  Acker- 
Duuin  octoally  extracted  by  hydrochloric  acid  (1  per  cent.)  (»3.9  per  cent. 
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(53.9t)  of  histone,  leaving  46.1  per  ceut.  iiisoluble  nucleic  acid  inst«ad 
of  about  44  pop  cent.  Some  purine  bases  undoubtedly  went  into  solution 
and  Uie  r«Ki(liie  conuinud  only  7.79-7.99  per  cent  of  P  &nd  15  per  veut. 
of  N,  so  that  some  histone  may  have  been  left  nnextracted.  Although 
these  figures  do  not  check  exactly,  the  method  not  being  qumilitaLive,  it 
is  clear,  nevertheless,  that  these  nuclei  consist  chiefly,  if  not  entirely, 
of  histone  nucleate,  and  contain  no  other  protein  substance  in  any  quan- 
tity. If  the  molecular  weight  of  nucleic  iicid  is  1,387  and  that  o£  histono 
about  1,600,  which  is  the  simplest  formula  Tvhich  can  be  ascribed  to  it, 
a.molecule  of  chromatin  might  be  simply  histone  nncleate  eonlaintn^  one 
molecule  of  each  .substance. 

It  ia  greatly  to  be  desired  that  studies  similar  to  these  slionUl  be  made 
on  other  tissues  no  that  we  may  have  a  more  accurate  knowledge  of  the 
composition  of  the  chromatin  of  as  many  cells  as  possible.  Only  when 
thJK  is  done  will  phyaiolofrical  chemistry  be  able  to  contributo  to  UiO  toxwJ 
and  vexiuR  quostion  of  chromosomal  inlieritance. 

Concerning  the  nature  of  the  simple  protein  united  with  nucleic  acid 
in  other  nuclei  thau  these  few  kin(hi,  nothing  is  known.  Basic  proteins 
corrcsimndiiif;  to  hiHione  and  prolamine  have  not  been  isolated  from  other 
cells  than  Iboso  mentioned. 

Enzymes  in  the  nucleus. — 3VT».ny  nuclei,  and  purticularly  the  large 
germinal  vcsiflos  of  Ktarfisli  nptrs  when  unripe  (Aslcrias  vulgaris,  etc.) 
contain  very  little  of  tlic  morpholojiira]  HiibstJui(H:i  fulled  chrouialiu.  The 
greater  part  of  these  nuclei  consists  of  a  liquid  sap  which  contains  protein 
matter,  if  we  may  conclude  from  the  fine  precipitate  produced  in  it  by 
fixing  agents  sueh  as  mercuric  chloride.  No  one  has  yet  obtained  this 
nuclear  sap  for  chemical  analysis,  but  there  is  no  question  that  its  admix- 
ture with  the  exlra-niicIoHr  cytoplasm  produces  marked  chemical  changes 
in  the  latter  and  gi-catly  stimulates  cell  respiration.  Delage,  Loeb  and 
tjie  author  have  particularly  studied  the  changes  so  produced.  If  unripe 
or  immatiu'e  eggs  in  which  the  gcrtainal  vesicle  is  intact  are  placed  in 
6ca-watcr,  some  of  the  eggs  rupture  the  nuclear  membrane  and  the 
nuclear  sap  mixes  with  the  cytoplasm.  Some  eggs  do  not  nipture  the 
nncieus  spontaneously,  but  they  may  be  made  to  do  so  artificially  by 
shaking.  Eggs  in  which  tJie  nuclear  sap  has  penetrated  the  cell  cyto- 
plasm behave  very  difTerently  from  eggs  in  which  the  nuclear  -sap  remains 
in  the  nucleus.  If  nipture  of  the  membrane  takes  place,  the  cgga  become 
verj-  sensitive  to  oxygen  and  they  will  only  live  about  10-18  hours  in 
oxygenated  sea-water.  At  the  end  of  that  time  the  protoplasm  b«comea 
opaque  and  seems  filled  with  a  multitude  of  spherules,  the  protoplftsn 
being  disintegrated  into  these  spherules.  If.  however,  the  unclear  sap 
does  not  penetrate  the  cell  cytoplasm  and  the  nuclear  membrane  remains 
intact,  or  if  the  eggs  after  the  nucleus  and  cytopliLsm  arc  mixed  are 
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placed  in  an  atmosphere  of  liydrogeo,  or  if  Ibcy  ar«  slightly  poisoned  by 
polas&ium  oyauidc  which  prevents  oxidation,  the  ogga  remain  alive  for 
suvcral  daya.  ll  ia  very  dear  from  this  experiment  that  when  the  nueteaj* 
wall  is  ruptured  either  naturally  or  by  uiecliaiucal  means,  the  cgga 
become  very  senaitivc  lo  oxygen  and,  if  not  protected  by  fertiliKatiou. 
they  will  rapidly  die  in  the  presence  of  oxygen.  Tlie  moat  probable 
explanation  of  these  facts  is  that  tiubstaiiccs  are  present  in  the  nuclear 
sap  ivliich  when  mixed  with  the  protoplasm  cause  the  mixture  to  undergo 
auto-oxidation  leading,  if  not  checked,  to  deatb.  A  simple,  though  per- 
liaps  not  a  corroet,  way  of  stating  these  facts  is  Ui&t  ilie  nuclear  sap 
contains  oxidases,  or  substances  which  stimulate  respiration. 

TJ»  change  in  the  cytoplasm  produced  by  this  admixture  of  nuclear 
sap  18  also  made  visible  iu  other  ways  tliau  by  oxidative  changes.  Some- 
times apenuatozoa  penetrate  eggs  which  do  not  muLuratc  and  in  which 
the  nuclear  wait  remains  intact.  In  that  case  no  typical  aster  develops 
about  the  advancing  sperm,  but  only  the  faintest  radiations  about  the 
sperm  nucleus.  This  may  be  the  case  even  though  the  sperm  are  lying 
close  to  the  germinal  vesicle.  If,  however,  they  enter  an  egg  which 
lias  loet  the  nuclear  wall  so  that  the  nuclear  sap  can  escape,  the  typical 

'big  asters  develop  at  once  about  the  sperm,  provided  the  eggs  have 

[■oxygen. 

Similar  facts  have  been  recorded  by  Delage.    If  a  piece  of  proto- 

fplasm  cut  from  an  egg  in  which  the  nucleus  is  intact  be  entered  by  a 

rspermatozoon,  no  division  figure  is  developed.  If,  however,  a  spenii 
cntem  a  piece  cut  from  an  egg  iu  which  the  nuclear  membrane  has  been 

[ruptured,  then  tiie  large  normal  spHrra  aster  develops.     It  is  clear  that 

I  the  change  in  the  cytoplasm  produced  by  the  nuclear  admixture  enables 
thespcnn  to  produce  its  typical  efTccts.    Inasmuch  as  these  astral  figures 

lore  dependent  for  their  existence  upon  a  supply  of  oxygen  and  disappear 
if  the  eggs  ore  placed  iu  hydrogen,  reappearing  again  when,  they  are 
returned  to  oxygen,  their  behavior  agaiu  indicates  the  important  part 
the  nuclear  sap  plays  iu  respiration.  Yatsu  found  that  nucleiia-free 
pieces  of  Cerebratulus  eggs,  it  cut  olT  from  the  eggs  before  maturation 
occurred,  would  not  develop  asters  when  treated  by  strong  magnesium 
chloride  solutions,  whcrcoa  similar  pieces  cut  after  maturation  would 

•  develop  them. 
A  very  similar  phenomenon  itlnstraliug  the  importance  of  tlie  nuclear 
sap  is  shown  in  the  first  segmentation  of  the  egg  of  the  sea  urchins, 

»Arhacia  and  Toxopneusles.  Wilson  and  the  author  observed  that  a 
markeil  pause  in  the  segmentation  proceas  opeurs  just  before  the  segraen- 
tation.  The  nuclear  wall  of  the  big  Hegmeutation  nuetc'iis  is  at  that  time 
intact-  The  large  Kegmentation  aKtcrs  fade  out,  except  near  the  nucleus. 
Suddenly  the  nuclear  wall  breaks  ot  the  two  poles  close  to  the  asters.    It 
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appears  to  be  dissolved  or  digested  away.  By  tliis  means  tJic  Diiclear  up 
aiid  tlic  asters  may  come  into  contact ;  and  coincident  with  this,  the  great 
radiations  of  the  asters  burst  out  in  Cull  magniflccneo,  Uioir  streamers, 
like  a  miniature  aurora  boroalig,  Hung  wide  tha-ougUout  the  cell,  and  cell 
division  is  rapidly  cousuuunalad.  Just  at  this  time,  too,  there  is  a  sud- 
den outbm-st  oC  carbon  dioxide  and  Uie  cell  becomes  extremely  sensitive 
to  ether,  cyauides,  acids  and  oilier  poisons,  a  fact  clearly  iudicative  that 
the  protoplaom  is  in  a  very  reactive  and  uustublu  ceudiliou. 

All  these  iacts  indicate  in  no  uncertain  manner  that  substances  are 
present  in  the  nuclear  sap  irbich  on  entering  the  cytoplasm  produce  chem- 
ical cb&Dgcs  there.  Mot  only  arc  respiratory  changes  stimulated  many 
fold,  but  also  digoslion  seems  to  be  inaugurated.  Auiolytic  onzji'mcs 
also  evidently  become  active,  either  because  ibey  are  set  free  from  the 
nucleus,  or  because  the  nuclear  materials  activate,  directly  or  indirectly, 
the  inactive  enzymes  of  the  cytoplasm.  Many  yolk  granules  are  dissfdved 
and  the  nucleolus  also  dissolves  and  disappeai's;  the  unclear  membrane 
suffers  a  like  fate  and  the  chromatin  itself,  which  has  been,  more 
voluminous  and  less  avid  for  basic  dyes,  diminishes  in  bul^  and  increases 
its  staining  power  as  if  a  considerable  amount  of  protein  had  been 
digested  or  separated  from  it.  It  is  also  well  known  that  the  unfertilized 
eggs  of  hens  keep  much  better  and  do  not  undergo  aatolytic  digestion 
as  do  the  fertilized  eggs.  These  phenomena  speak  for  the  presence  in  the 
nucleus  of  oxidases  and  digestive  enzymes.  Since  during  cell  diviaiou 
these  eni;ymes  are  sot  free  and  at  the  same  time  the  chrumatic  elements 
arc  in  many  coses  plainly  losing  substance,  it  is  possible  that  these  two 
facts  should  be  corn^lated  and  the  conclusion  drawn  that  in  the  resting 
condition  of  the  nucleus  enitymos  of  various  kinds  stick  to,  or  combine 
with,  the  nucleic  acid  and  are  tlius  accumulated,  made  resistant,  more 
stable  and  rendered  inert,  imd  that  during  caryokinesis,  and  possibly 
at  other  times  also,  they  are  split  olf  from  the  at^td,  become  free  in  Uie 
sap,  enter  the  cytoplasm  and  rejuvenate  the  cell  by  digesting  its  accumu- 
lated colloidal  iiiulvrial.  Possibly  the  guanylic  acid  may,  as  an  extra 
nuclear  material,  combine  with  the  trypsin  of  the  pancreas  to  make  the 
inactive  trypsinogi-n.  Possibly  there  ^re  also  witliJii  tliu  nucleus  some 
of  tbo  nueleoscB  which  digest  nucleic  acid  itself. 

These  few  rcmark.s  will  si-rvc  to  ilhislrate  the  ar-trat'tlvencsH,  tlie 
importance  and  the  olucnrily  of  Uiu  iivld  uf  the  coinpasition  imd  func- 
tion of  the  cell  nucleus.  Possibly  they  may  sliniuintc  snm«  to  the  inves- 
tigation of  a  subject  of  which  the  importance  is  only  fommensorate  with 
(mr  ignorance.  We  may  in  this  connection  recall  the  fact  that  it  has 
been  suf^ested  (Gautier)  that  immediately  about  the  nucleus  there  takes 
place  something  of  the  nature  of  an  anierobic  fenuontation  of  the  food 
tnstttials,  by  which  CO,  is  produced  and  many  active  fragmonta  are 
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framed  which  later  in  the  periphery  of  the  cell  are  oxidized  by  the  enter- 
ing o:^gen,  or  condense  to  other  compounds. 

The  formation  and  destruction  of  nuclear  material. — ^We  may  close 
this  chapter  on  the  composition  of  the  nucleus  with  a  brief  review  of 
what  is  known  concerning  the  formation  and  destruction  of  nuclear 
materiaL  From  what  substances  does  a  cell  make  nucleic  acid,  or  prota- 
mine or  histoneT  And  what  are  the  substances  formed  from  its 
disintegration  T 

Origin  of  the  proteins  and  nucleic  acid.  "We  will  consider  first  the 
origin  of  nucleic  acid,  since  this  is  the  simpler  problem.  The  question 
is  then  this:  From  what  substances  aud  in  wliat  manner  is  nucleic  acid 
formed  in  cellsf  There  are  certain  aspects  of  this  question  which  can  be 
definitely  answered.  There  is  evidence  that  the  source  of  the  phosphoric 
acid  is  inorganic  phosphates.  It  is  known  that  phosphates  are  necessary 
ingredients  of  the  foods  of  all  animals  and  all  plants.  Indeed  this  acid 
has  quite  a  peculiar  position  in  the  cell.  It  not  only  enters  into  the  com- 
position of  many  of  the  proteins  aud  of  all  nucleic  acids  of  which  it 
appears  to  form  the  backbone  as  it  were,  but  in  the  phospholipins  it  no 
doubt  contributes  powerfully  to  the  production  of  vital  phenomena.  It 
plays  an  important  part  in  the  maintenance  of  the  neutrality  of  the 
protoplasm  and  in  the  activity  of  many  enzymes.  The  acid  owes  its 
fundamental  importance  in  metabolism  probably  to  its  power  of  poljToer- 
izing  in  the  form  of  metaphosphoric  acid,  HPOj,  and,  in  the  second  place, 
to  its  power  of  forming  ester  unions  with  carbohydrate  and  other  sub- 
stances. It  has  in  this  regard  a  power  only  second  to  that  of  boric  acid. 
By  this  power  it  forms  the  basis  of  nucleic  acid,  for  at  the  bottom  of  this 
acid  is  the  ester  of  phosphoric  acid  with  cither  a  pentose  or  an  unknown 
hexose.  This  same  property  of  forming  esters  with  carbohydrates  is 
shown  at  its  best  in  the  case  of  inosite,  which  is  found  probably  in  all 
cells  combined  with  several  molecules  of  phosphoric  acid  as  in  phytiu, 
which  is  the  hesa-phosphoric  acid  ester.  (See  page  610.)  This  part  of 
the  molecule  of  nucleic  acid  offers  no  difficulty  for  an  uiiderslanding  of 
the  method  of  its  formation,  although  wc  arc  not  yet  certain  of  the  exact 
steps  in  the  process.  The  formation  of  the  purine  and  pyrimidine  bases, 
however,  is  a  somewhat  more  difficult  problem.  It  lias  recently  been  dis- 
cussed by  Johnson.  Since  the  pyriniidiues  are  the  simpler  bases,  we  will 
assume  that  the  purines  are  formed  from  thcra. 

There  is  no  doubt  that  all  cells,  animal  as  well  as  plant,  can  make 
their  purines  without  being  fed  purines.  Whetiier  tlicy  can  all  make 
pyrimidine  also  is  not  entirely  certain,  but  there  is  no  doubt  that  plants 
have  this  power  and  it  is  probable  that  animals  have  it  also.  In  milk 
or  in  the  yolk  and  white  of  egg  there  are  neither  purines  nor  pyriraidines 
in  more  than  extremely  small  amounts,  and  yet  the  developing  organism 
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nourished  by  these  foods  mofaea  botfa  of  these  substaucca  at  a  very  rapid 
rate.  Birds  and  reptil&K,  too,  oan  certainly  form  piirinc,  uric  acid,  from 
amino-acidii  of  various  kiuds,  so  that  tliera  is  no  question  but  that  they 
liave  tlie  {lower  o£  Hyulhesizing  these  ha»es  from  the  simplest  cotnpounds, 
and  probably  from  carlwhyd rales  aud  ammonia. 

Hydrocyanic  a^id,  UCN,  is  one  of  tlio  most  reactive  of  substances.  It 
ia  found  combined  in  a  great  many  planta.  Its  great  importance  in  the 
syntlicsis  of  living  matter  was  clearly  recognized  by  Gautier.  Hydro- 
eyauic  acid  dissolved  in  water  and  allowed  to  stand  gives  rise  to  many 
substances  found  in  living  mattor.  Urea,  alantue,  carbatoic  acid,  cyn- 
nates  and,  according  to  Gautit'r,  substaricvs  related  to  xanthines  or  really 
xanthines,  although  this  is  denied  by  Fischer,  appear  in  it.  It  has  been 
repeatedly  suggested  that  Ihis  substaueu  may  have  been  a  yery  important 
contributor  to  the  formation  of  living  matt<;r  in  tJic  first  instance.  Tbre« 
moleculea  of  hydrocyanic  acid  vrill  condcnso  to  form  tho  amino-malonie 
nitrite, 

CN 

3HCN     s=     HjN— C— n 

CN 
Aniina-tnnluni<?  tiitrili', 

Tliis  nitrilc  might  condense  directly  with  urea  to  form  a  p/rimidine;  or 

it  might  be  liydroIyKeil  first  to  form  the  amiuo-malouic  acid, 

H^N.C(CN)^4.4H.O=NH,.C.(COOH),  +  aNH^ 

Jtmiuo-inalouic!  acid. 

The  acid  might  tlicn  condense  with  urea  or  ^anidiue  to  give  a  pyrimi- 
diuG.  II  the  condensation  is  with  the  nitrilo,  a  diamino  pyrimidinc  is 
the  result;  if  with  the  aeid,  urnmil,  an  nmino-oxy-pyrimidine  resulta: 

NH^      NO  NH— CO 

=    to     CNHj 

mi—cNii 

3 

Oxf-dlntnlna  p}T  1ml dine. 
NH— CO 

=z  CO  cnmij  +  injO 

NH— CO 

Urnmil. 

The  condensation  of  either  of  these  bodies  with  another  molecule  of  urea 
to  form  a  purine  is  analogous  to  numerous  syntheses  in  ]i\-ing  matter, 
although  we  do  not  know  just  how  they  are  produced.  The  reaction  may 
be  represented  as  follows: 


+  ' 


+    N", 


NH. 


U. 


+ 


HOOC 

CHNHj 
BOOO 


THE    PROTEINS  185 


NH— CO  NH— CO 

i)     CHNH^  +  NH^  =C0      C-NHs.(,o+NH^OH 

NH— fco  NH  J  /  ^^        ilH— C— NH''^ 


Uric  acid. 

The  synthesis  could  as  readily  go  through  alloxan  which  might  be  formed 
from  glyoxalcarbonic  acid  formed  from  ■  the  carbohydrate  decomposi- 
tion. It  has  been  shown  that  glucose  when  it  decomposes  in  weakly 
alkaline  solution  forms  some  glyoxalcarbonic  acid.  With  ammonia  this 
will  condense  with  formic  aldehyde  to  make  an  imidazole  as  follows: 

COH  HC— NH . 

I  NH  II  >H 

CO       -1-        »       +  H  CO     =     C— N     -5*^ 

COOH  '  (^OOH 

Glyoxalcarbonic  ncid.         ImidazolyJcarbonic  acid. 

A  similar  condensation  might  occur  with  area: 

COH       NH.  N  =  CH 

do       +CO       =     Ot!       CO +  11^0 

COOH     KH  HN  —  CO 

Trioxypyrimidifie. 

The  trioxypyrimidine  by  oxidation  could  give  alloxan  which  by  con- 
densation with  urea  might  yield  a  purine. 

Another  possible  source  of  pyrimidine  would  be  by  oxidation  of 
arginine  to  guanidine  propionic  acid  and  the  condensation  of  this  body 
to  an  amino  pyrimidine : 

KH^  COOH  ^NH— CO 

t!  =  NH  CHj      =     Nni        CH^  +  H^O 

NH CH  NH— CH 

z  t 

Guanidine  propionic  acid. 

This  formation  would  be  analogous  to  the  formation  of  creatinine  from 
creatine,  page  704. 

While  the  exact  course  of  the  formation  in  the  cell  is  thus  obscure, 
there  are  no  great  difficulties  in  imagining  how  the  condensation  might 
occur  in  the  presence  of  ammonia,  or  urea  or  hydrocyanic  acid  or  for- 
mamide  and  the  reactive  decomposition  products  of  the  carbohydrates. 
Whatever  may  be  the  exact  steps  in  the  process,  it  may  be  regarded  as 
probable  that  they,  like  the  amino-acids,  are  formed  by  the  condensation 
of  ammonia  with  the  reactive  decomposition  products  of  the  carbohy- 
drates.    Essentially,  therefore,  speaking  broadly,  the  proteins  and  the 
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nucleins  arise  by  the  condensation  of  the  decomposition  products  of  the 
carbohydrates  with  ammonia.  It  may  be  added  further  that,  in  order 
that  the  proper  decomposition  products  shall  be  formed  from  the  carbo- 
hydrates, it  is  necessary  that  the  reaction  shall  be  guided  or  directed,  and 
that  this  is  probably  accomplished  by  the  presence  in  celts  of  accelerating 
agents,  or  enzymes,  which  hasten  one  reaction  or  another,  the  particular 
reaction  differing  in  different  cells,  so  that  the  proper  decomposition 
products  shall  occur  in  the  proper  amounts. 

Origin  of  the  amino-acids.  The  amino-acids  of  the  animal  body  are 
obtained  chiefly  as  the  products  of  the  digestion  of  plant  proteins, 
but  the  animal  ot^anism  has  certainly  the  power  of  making  some  of 
them  from  ketonic  acids,  like  pyruvic  acid  and  ammonia,  a  subject  dis- 
cussed on  p.  818.  To  what  extent  animals  have  this  power  of  making 
amino-acids  from  ketonic  acids  aud  ammonia,  or  in  any  other  way,  19 
still  being  investigated  and  no  certain  answer  to  the  problem  can  be 
given  at  the  present  time.  While  it  appears  that  animal  protoplasm  has 
in  general  the  same  chemical  properties  as  plant,  there  is  no  doubt  that 
this  power  of  manufacture  of  amino-acids  which  is  so  noteworthy  a 
property  of  plant  life  is  reduced  certainly  to  a  very  subordinate  power 
in  the  animal,  for  it  appears  necessary  to  supply  most  animals 
with  ready-made  amino-acids.  The  plant  amino-acids  are  almost  cer- 
tainly derived  in  the  long  run  aud  in  large  measure  from  ammonia  and 
carbohydrates.  By  the  fermentation  of  glucose,  or  when  glucose  is 
decomposed  by  alkalies  and  presumably  by  the  processes  of  plant 
metabolism,  various  ketonic  aldehydes,  such  as  pyruvic  aldehyde,  are 
produced.  Pyruvic  acid,  CHj — CO— COOH,  is  thus  formed  or  glyosylic 
acid,  HCO — COOH.  Ammonia,  derived  from  the  nitrates  which  are 
reduced  in  the  plant  protoplasm,  condenses  with  these  compounds  to  form 
imino  compounds  which  by  reduction  yield  amino-acids,  thus 

CH  —CO— COOH  +  NHg  =:  CH^— CNH— COOH  -f  H^O 
CH  — CNH— coon  4-  H   =  CH  — CHNH  -COOH 

Alanine. 

HCO— COOH  -[-  NUg  =  HCNH— COOH  -f-  H^O 
CHNH— COOH  4-  H^  —  CH^NH^— COOH 

Glycocoll. 

By  a  similar  reaction  guanidine,  one  of  the  constituents  of  arginine  and 
guanine,  may  arise  from  urea  and  ammonia : 

0=^C(NH^)^+NH   =HNC(NH^)^  +  H^O 
Urea.  GunniJine. 

The  origin  of  proline  from  glutamic  acid  has  already  been  indicated 
(p.  124).  The  exact  method  in  which  tlic  other  amino-acids  arise  in  the 
plant  is  still  uncertain,  but  it  is  probable  that  they  are  formed  for  the 
most  part  from  the  degradation  products  of  tlie  sugars  uniting  with 
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ammonia.  Light,  or  at  least  chlorophyll,  is  not  necessary  for  this  syn- 
thesis, since  many  of  the  bacteria  and  moulds  which  are  free  from  chloro- 
phyll can  make  many  different  amino-acids  from  a  single  source  of 
ammonia  such  as  asparagine  and  some  carbohydrate.  Imidazole  groups 
may  be  formed  by  long  contact  of  ammonia,  glucose  and  oxygen,  or  an 
oxidizing  agent,  from  glyoxal  carbonic  acid : 

COU  NH  HC— NH 

1  +  +HCO=      II  \CH+3H0 

C  ;^  0  NH  C  -  N^ 

I 
OOH  COOH 


i 
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CHAPTER  V. 

THE  PHYSICAL  CHEMISTRY  OF  PROTOPLASM. 

Thus  far  we  have  considered  the  general  composition  of  living  matter 
and  the  chemical  nature  and  origin  of  the  carbohydrates,  fats  and  pro- 
teins which  make  up  the  larger  part  of  the  organic  basis  of  the  cell, 
famish  energy  for  its  vital  activities  and  form  its  machinery,  Boiowl- 
edge  of  the  chemical  composition  of  these  bodies  does  not  enable  us  to 
understand  how  they  can  produce  vital  phenomena.  For  this  it  is  neces- 
sary to  understand  not  only  their  chemical  composition,  but  also  their 
physics  or  dynamics.  In  this  chapter  the  physical  chemistry  of  the  cell 
will  be  considered,  since  physical  chemistry  is  the  science  which  deals 
with  the  explanations  of  chemical  reactions. 

Water. — The  most  abundant  element  of  the  cell  is  water.  70-93  per 
cent,  of  the  protoplasm  is  water.  To  understand  vital  mechanics,  knowl- 
edge must  be  had  of  the  properties  and  possibilities  of  water.  What  is 
it  doing  in  the  cellT  What  does  water  contribute  to  the  complex  of  life  I 
What  is  water  T  It  is  a  singular  fact  that  the  exact  composition  of  this 
abundant  substance,  a  sine  qua  non  of  life,  is  not  yet  known.  That  water 
decomposes  into  hydrogen  and  oxygen  and  that  there  are  very  nearly, 
if  not  exactly,  two  volumes  of  hydrogen  liberated  to  one  of  oxygen  is 
common  knowledge.  Also,  it  is  certain  that  water  is  formed  by  the  union 
of  hydrogen  and  oxygen.  The  simplest  formula  which  can  be  written  for 
water  is  H^O,  H — O — H,  and  this  is  generally  given  as  its  formula,  but 
there  are  many  facts  which  show  that  water  as  it  exists  in  the  liquid 
and  solid  form  and  probably  in  the  form  of  its  vapor  even  at  365°,  which 
is  its  critical  temperature,  has  a  more  complex  formula.  Its  high  critical 
temperature,  cohesion,  refractive  index  and  boiling  point  all  show  that 
the  formula  is  more  complex  than  HaO.  The  molecule  of  water  would 
be  very  light  were  the  above  formula  true ;  it  should  boil  at  a  low  tem- 
perature, and  have  a  low  surface  tension.  Instead  it  has  a  very  hi^ 
surface  tension,  much  higher  than  any  of  the  hydrocarbons.  Hence 
it  is  certain  that  the  formula  is  more  complex,  at  least  at  temperatures 
lower  than  400°  C.  That  the  formula  is  some  multiple  of  H^O  is  shown 
also  by  the  following  circumstance:  Eotvos  discovered  that  if  the  surface 
tension  is  multiplied  into  the  total  surface  of  a  gram  mol.  of  a  substance 
the  result,  which  is  the  surface  energy  of  a  gram  mol.,  was  equal,  for  all 
normal  non-associating  substances,  to  2.27   (T„  -T)   ergs,  T^  being  the 
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'  critical  tempcraturo  aad  T  the  absolato  tomporfttnre  at  which  the  sur- 
face t4>n8ion  was  measured.  For  all  subatAnces  which  associatod,  that  is 
sobstances  in  which  polymerizatioD  occurred,  th6  product  was  less  than 
2.27  (T„-T).  Now  water  was  found  to  have  a  surface  tension  energy 
which  was  less  than  half  2.27  (T„-T)  and  the  eoefficient  iustead  of  heing 
2.27  fell  lower  and  lower  as  the  tempcniturc  was  lower.  Since  aU  liquids 
in  which  the  molecules  do  not  remain  tlic  xamu  but  coalvsci:  to  form  larger 
motccolos  OS  the  temperature  falls  hchave  in  this  way,  it  is  elear  that 
water  is  also  more  eomplei  thon  HjO  at  t«mpernturc9  brlow  the  critical 
and  that  tho  degree  of  complexity  increases  as  the  temperature  falls. 
Ramsay  and  Shields  computed  from  the  surface  tension  that  tho  formula 

■  at  the  boiling  point  must  be  about  (H.O),,  and  in  ice  about  (H^O)*. 
Eotvua  had  also  come  to  this  result  earlier.  Determination  of  (he  freezing 
point  of  solutious  of  water  in  other  solvents  lead  to  the  formula  (HjO) ,. 

»  Water  is  indeed  one  of  the  most  associated  liquids  known.  The  molecular 
weight  and  the  valence  of  the  molecule  at  the  critical  tempcraturo  can 
also  bo  detci-minod  from  tho  cohesion,  and  this  dotormination  shows  that 
the  molecule  at  the  critical  tempcratui'e  is  at  least  (H~0),.  From  some 
of  these  and  other  facts,  Armstrong  has  concluded  that  tlie  molecule  of 
water  in  the  liquid  form  is  probably  (H,0),;  aud  that  by  the  condense- 
tion  of  the  simple  molecule  ILO,  which  he  has  named  hydrone,  into 
_^  u  ring  or  chain  compound  like  the  polymothylcnes  water  is  fonncd.  It 
f  is  probable  that  not  all  the  molecules  are  thus  associated,  bat  that  some 
dissociation  takes  place  so  that  some  free  hydrone  probahly  exists  even 
in  liquid  water.  The  foUowiiig  kinds  of  molecules,  then,  probably  crist 
in  liquid  water  at  20-40*  C: 

H— O— H;  H— O— H;  H— 0  =  0— H;  H— O-O— H; 


It  H 

nJi>_-(Cn 
n— o— (>— n 


The  eaoso  of  this  great  associatioa  of  water  is  probably  the  extra 
valences  of  tho  oxygen.  Oxygiio  may  be  tctravalenf  hero.  Now,  hydro- 
gen differs  from  all  other  elements  thus  far  studied  in  the  fact  that  it.s 
valonce  is  almost  or  entirely  fixed  and  unchangeable;  it  has  in  it  almost 
none  of  tliose  reaer\'e,  or  «xtr«,  valeiu'fy),  which  appear  in  all  the  other 
elements.  Chlorine,  for  example,  may  be  univalent,  Irivalent.,  pentavalent 
or  hcptavalont.  Tho  result  is  that  when  hydrogen  is  united  with  a  single 
other  atom  tlic  extra  valences  which  rany  occur  on  the  other  atom  cannot 
be  satisfied  by  union  with  those  of  the  hydrogon;  there  is,  hence,  nothing 
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else  for  them  to  unite  with  than  the  other  Bimilor  valences  on  another 
molecule,  thus  producing  molecular  unions  and  association.  Oxy^n  is 
eertainly  at  times  quadrivalent  and  hcnoe  each  oxygon  atom  of  hydrouc 
may  have,  In  addition  to  the  valence  uniting  it  with  the  hydrogen,  two 
extra  valences. 

A  physical  property  of  water  of  very  great  biologiea.1  importance, 
which  is  prohahly  correlated  with  this  association,  is  the  liigh  speciJic 
heat  of  water.  iL  takes  more  heat  to  raise  the  temperature  of  a  grain 
of  water  one  degree  than  is  required  to  raise  tlie  temperature  of  a  gram 
of  any  other  substance,  either  solid  or  liquid,  one  degree.  This  high 
specific  heat  of  water  is  due  in  part  to  the  fact  that  there  are  in  a  gram 
of  water  a  lat^  nnmbcr  of  molecules,  but  chiefly  to  the  fact  that  the 
disso<:iation  of  the  water  into  hydrone  consumes  heat  and  the  association 
accordingly  liberates  heal.  At  any  rate,  whatever  may  be  its  cause,  tJiis 
high  specific  heat  is  of  value  to  the  cell,  since  when  heat  ts  liberated  in 
Uie  course  of  the  vital  reactions  the  lemperaturo  of  the  cell  does  not 
rise  very  greaUy ;  the  water  acts  as  if  it  were  a  buffer,  taking  ap  the  heat 
liberated  and  giving  it  off  gradvially.  Thus  this  property  of  water  is  of 
imporlanee  in  preventing  violent  temperatiin-  elianges  which  might  lead 
lo  uneontrollable  de^-ompositions  in  the  cell. 

Another  very  remarVable  property  of  water  is  its  power  of  solution. 
No  other  solvent  surpas»os  water.  All  kindn  of  suhstanrfs  dissolve  in  it: 
salts,  carbohydralcs,  proteins  and  even  Eat  solvents  to  some  uxtO-nt.  Ita 
power  of  solution,  also,  contributes  much  to  tlie  possibilities  of  lifo.  This 
power  of  solution  has  not  yet  boon  explained,  but  it  is  probable  that  it, 
also,  is-correlated  with,  or  duo  to,  ttie  extra  valenuL's  ou  the  oxyRcn  atoms; 
which  are  perhaps  able  lo  unite  with  the  extra  valeneos  on  the  dissolving 
moleeuliw,  and  thus  to  produce  solution. 

Water  has  also  a  higher  specitie  indtictivc  capacity,  or  dielectric  con- 
stant, than  any  other  liquid,  except  possibly  hydro^n  dioxide.  It  is  a 
good  insulator.  It  does  not  in  itself,  at  ordinary  t'*mperaturt^  conduct 
the  current  readily.    In  virtue  of  this  property  it  lioppcns  thot  when 

ni1tI.KcrRI0  CoK«TAST»  or  SOMK  I.IQmiM  * 
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[electrical  disturbances  occur  in  &  ccU  tbcy  arc  not  instantly  compensated, 
Utat  oppositely  charRod  parti<'te8  may  coexist  in  water.  It  is  probably 
because  of  tliis  proporiy  lliat  walt-r  fonua  aiu-U  a  good  iouiziug  medium. 
At  any  rate,  this  properly  may  account  for  Uio  undoubted  fact,  whatever 
.explanation  we  may  cboose  to  g-ivu  of  tliat  fact,  that  substances  dissolved 
water  iulerari  with  givaler  casu  aud  spi«d  than  when  disaolvcd  in 
ly  other  mediuui.  /(  has  ike  property  then,  so  important  (or  the  cell, 
cderatino  all  kinds  of  chemical  reactioM.  Thus  hydrogen  and 
n  will  not  unite,  except  at  very  high  temperatures,  unless  some 
vater  is  prcgeut ;  hydrochloric  acid  and  sodium  hydrate  roact  vigorously 
in  the  presenoe  of  water,  but  not  when  they  arc  quite  dry;  ehlorine  and 
hydrogen  do  not  form  hydrochloric  acid,  except  at  very  high  lempera- 
tores,  unless  water  be  present;  and  everyone  knows  that  the  rusting 
of  iron  does  not  occur  uiilesa  water  is  there  too.  Water  has,  then,  this 
fiindameutal  property  of  making  reactions  go  on  between  bodies  dis- 
Ived  in  it  or  wet  by  it  This  property  is  believed  by  many  to  be  eor- 
rclated  with  its  Ionizing  powers,  and  with  the  fact  that  it.s  itohitions  con- 
duet  electrical  current  more  than  thoeo  of  any  other  solvents.  And  tliis 
property  brings  us  to  the  consideration  of  the  salt  Evolution  in  proto- 
plasm. 

Salts. — All  protoplasm  contains  a  solution  of  salta  and  thctse  salti 
are  of  the  nature  of  those  of  the  aea.  What,  then,  is  a  salt  solnlionf 
How  can  thai  in  protoplasm  be  assisting  in  the  production  of  vita)  phe- 
nomenal Just  as  it  is  not  yet  known  with  certainty  what  the  composi- 
tion of  liquid  water  is,  no  it  is  not  known  what  is  the  exact  stale  of 
affaint  in  a  .taU.  solution.  Mo  faet  shows  more  clearly  the  limilatinus  oC 
hemieal  and  plivHical  knowletlge  at  the  preaont  lime  than  that  one  vau- 
ot  say  positively  just  what  is  a  solution  of  common  table  salt  in  water, 
known,  however,  that  salt  sohitions  have  certain  proptM'tiea  and 
may  be  dealt  with  even  in  tlic  absence  of  tlieir  C-\planftlion,  One 
of  Iheeo  properties  of  most  fundamental  importance  is  that  aqueous 
solutions  of  the  common  salts  conduct  the  electrical  current.  This  fact 
waif  studied  by  that  inapiriof?  British  physicist,  Mieliacl  Faraday.  He 
found  that  if  a  current  flows  through  a  solution  of  sodium  chloride,  for 
example,  the  sodium  moved  down  with  Ihe  current  to  the  cathode,  or 
negative  electrode,  and  the  chlorine  moved  up  against  the  current  to  the 
positive  electrode,  the  anode.  Since  the  metal  part  of  the  salt  moved 
down  with  the  cuiTcnt,  he  called  such  wandering  metals  caihwns.  from 
the  Greek  kata,  down,  and  ion,  going;  and  Ihe  negallve,  or  inetnlloid  part 
of  the  molecule,  was  called  an  nnion  (Gr.  ana,  up).  Now  it  U  clear  that 
if  tlio  sodium  moves  down  with  tiii>  current  it  must,  be  posit-ivoly  chnrgpd. 
Biid  the  chlorine  moving  up  must  be  negalivsly  rhargod,  since  only  par- 
ticles with  charges  on  thom  move  in  an  electrical  field.    Faraday  did  not 
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know  where  tJic  sodium  got  iU  ehargo.  Ue  thought  thst  these  ions 
not  pre-exist  in  the  solution,  but  that  the  action  of  the  current  separated 
the  neutral  sodium-ehlondo  molecule  into  a  poBitive  and  negative  par- 
ticle. On  the  other  liand,  it  was  later  su^^esled  by  Clansius  that  the 
ions  did  pre-exist,  since  no  energy  seemed  to  be  eonstimed  in  tlie  separa- 
tion. This  vleir  o£  Clausius  was  put  on  a  much  firmer  foundation  and 
introduced  as  a  powerful  and  fniitful  theory  into  chemistry  by  the 
Swedish  physii'ifit,  Arrhcnius,  in  the  year  1881.  The  basis  of  this  theory 
of  Arrhoniiis  o(  the  prc-oxiBlcnco  of  the  ions,  the  so-called  ionic  theory, 
was  that  the  osmotic  pressures  of  solutions  of  electrolytes  was  li  iffher  than 
the  osmotic  pressure  of  otiually  concentrated  solulious  of  non -elect i-olytes. 
The  osmotic  pressure  end  the  vapor  pressure  are  functions  of  the  number 
of  dissolved  molecules  in  a  given  vohime.  It  -wsts  fnitiid  that  a  molar 
BoliiUon  of  sodium  cliloride  dt-presned  the  freezing  point,  or  raised  the 
boiling  point,  of  water  more  than  a  molar  mliition  of  siifriir.  Arrhcnius 
brought  Lliis  fact  into  relation  with  the  HnoiiiHlniis  prcKmira  of  some 
gases.  It  is  found,  for  example,  in  heating  nitroercn  tctroxidc,  NjO^, 
that  the  product  of  the  pressure  by  the  volume  increases  more  than  it 
should,  according  to  Boylo'a  law,  PV— RT,  and  the  oxplanntion  of  this 
is  that  some  of  the  N,0,  dissociates  into  two  molecules  of  NO,. 
Arrheniua  suggoBted  that  the  greater  osmotic  pressure  and  lower  vapor 
pressure  of  eleetrolyle  solutions,  as  compared  with  Rijiially  ronoentrated 
solutions  of  non-clectrolytes,  wn.s  due  to  llic  fact  that  tlu-  salt  dissociated, 
also,  like  vapors  of  chlorine,  bromine  or  iodine,  and  thai  the  pieces  into 
which  it  dissociated  were  the  cloctrirally  charged  ions  of  Faraday  and 
Clausius.  This  tiicory,  it  will  be  noticed,  explained  at  once  the  anomalous 
conductivity,  the  low  freezing  and  hiffh  boiling  points  and  the  higher 
osmotic  pressure  of  salt  solulionH.  The  ionic  theory  thus  introduced  has 
proved  to  be  one  of  the  most  fruitful  theories  of  chemistry.  It  has 
explained  more  tacts,  which  without  it  were  quite  unexplainable,  than 
probably  any  other  chemical  hypothesis  exccpl  the  atomic  theorj';  and 
while  somo  are  disposed  to  criticise  it  and  there  arc  some  facts  which  are, 
at  first  glance,  difHcuIt  to  explain  by  the  theory,  there  can  be  no  question 
of  the  enormous  usefulness  of  the  theory  whether  in  its  present  form  it  is 
exactly  true  or  not. 

We  may  perhaps  pause  for  a  moment  to  consider  a  few  of  the  more 
naportant  evidenoes  of  the  truth  of  this  fundamental  theory  so  iUo- 
minating  for  physiology.  It  enables  lis  to  undei-sfand  the  avidity 
of  acids  and  bases.  There  was  no  explanation  of  tJie  variatioQ 
in  the  strength  of  acids  and  bases  li'-forc  (his  llieory.  It  was  known 
that  hydrochloric  acid  was  much  more  powerful  and  active  than 
acetic  or  lactic  acid.  The  ionic  theory  explained  this  at  once.  Acids, 
on  the  ionic  theory,  are  bodies  which  dissociate  in  solution  so  as  to 
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form    hydrogen    ions.      This    dissociation    may    be    represented    as 

follows: 

HCl   ^^=^  H  +  01  CH^.COOH  ^^^^  H-f  O.CO.CH^ 

^  +      -  ^  +       - 

HNO, H  +  NO,  C  H  OH H  +  OC  H. 

HjSO^ ^^=^  H  +  HSO^  HCN^^=  H  +  CN 

All  acids,  then,  have  hydrogen  ions  in  their  solutions ;  their  acidity  is  due 
to  this;  and  their  activity  is  proportional  to  the  number  of  such  ions 
there  are  in  unit  volume.  This  conclusion  may  be  tested  by  comparing 
the  conductivities  of  acids  with  tlieir  chemical  or  physiological  activity. 
The  amount  of  current  wliich  can  be  ferried  by  the  ions  between  the 
electrodes  in  a  solution  in  unit  time  will  evidently  be  a  function  of  the 
number  of  ions  and  their  speed.  It  is  found  that  a  solution  of  hydro- 
chloric acid  will  carry  in  a  given  time  much  more  electricity  across  than 
a  solution  of  acetic  acid  of  the  same  concentration.  There  is  no  reason 
to  believe  that  the  speed  of  the  hydrogen  ion  differs  in  the  two  cases ;  and 
while  the  acetic  ion  moves  at  a  slower  pace  than  the  chlorine  ion,  its 
velocily  has  been  determined  and  it  is  found  that  the  difference  is  not 
sufficient  to  account  for  the  difference  in  conductivity.  There  seems  to 
be  bnt  the  single  possibility  that  the  number  of  hydrogen  ions  is  greater 
in  the  solution  of  hydrochloric  acid  than  in  that  of  acetic ;  hence,  if  the 
strength  of  the  acid  is  proportional  to  the  number  of  hydrogen  ions, 
hydrochloric  acid  should  be  much  stronger  than  acetic  and  in  the  same 
proportion  as  is  determined  by  their  conductivities.  This  was  found  to 
be  the  ease.  All  acids  split  cane  sugar  into  glucose  and  levulose ;  invert 
it,  in  other  words.  The  speed  with  which  tlicy  do  this  is  different  in 
different  acids.  It  is  a  function  of  the  number  of  hydrogen  ions  which 
are  in  the  solution,  so  that  if  the  speed  of  hydrolysis  is  measured  the 
relative  number  of  hydrogen  ions  in  different  acids  of  the  same  concen- 
tration can  be  determined  and  they  should  be  approximately  in  the 
same  proportion  as  the  figures  for  the  conductivities  and  other  powers  of 
the  acids.  This  is  found  to  be  the  case,  as  is  shown  in  the  accompanying 
figures: 

Invpr-km  Ei)iiiTali?nt"condnctl»11y  «r  IR° 

n^'ii  covilifivul  lO.lii  except  when  otherwise  iio(eil> 

Hydrobromlc    1.114  360 

Hydrochloric    1.00  351 

Nitric 1.0^)  350 

Trichloracetic 0.754  323  (n/32) 

.Sulphuric    0.5.36  22fi 

Oxalic    0.186  117 

Phoaphoric    0.0621  46.8 

Monochloracetic 0.04S4  72.4  (n/32) 

Fonnie     0.0153  2B.3   (n/32) 

Acetic    0,0040  4.6 
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It  is  a  general  law  thni  solutions  tvcem  at  a  lower  temperature  tli( 
Iho  pure  solvent.  It  has  been  found  by  a  further  study  of  Uus  phouomtnon 
that  the  depression  of  the  frocung  point  of  dilute  solutions  is  propor- 
tional to  the  concentration  of  \\xa  dissolved  substance,  tbat  is  to  the 
mimbcr  of  molecules  ia  u  given  volume.    A  solution  aa  con(H:i)ti-at£<d  bs_ 


11 


C- 


U^ 


Vitt.  14,— Bvchmnnn  frwxinH  pnlat  «pp*r>i)ii>t.  A,  lube  canutnlii^  lt<|iild  to  t>«  frowa  i 
D,  ilioroiontcler ;  H.  ailrrar:  O,  atAt  nibe  for  Inirnttnclne  lc«  crjctnlii.  etc.:  J!,  larg*  outvr 
Mt  lutiD ;  O,  i%t  CDBialalns  frvcElnc  mUture ;  J,  itlrrer  (or  aainc. 

a  one-tenth  [^ram  mol.  sohilion,  that  is  a  solution  which  ronlKtn!?  6.06x10^ 
solute  niok'culfS  in  ii  liter  volume,  depresses  the  freezing  point  of  water 
0.186*,  so  that  a  solution  of  plmose  whieh  contains  18.0  grams  of  glucose 
iu  one  liter  will  fi-eexe  at  ■  0.186'  C.  A  solutiou  half  iis  oonccutrated 
will  frccj«!  at  —.093'  C.  In  this  way  by  taking  the  freezing  point  of  a 
solution  by  means  of  an  accurate  Uicrmomoter  measuring  1o  hundredtfas 
or  thouaandtlis  of  a  degree,  it  is  possible  to  tell  how  innny  inoIoeuI« 
there  are  in  n  liter  of  any  solution.  It  is  found  that  n  (l.ilOn  M  solution 
of  ealeinm  chloride  does  not  depress  the  frtMy,ing  point  approximately 
,370*,  as  one  would  expect  were  there  only  CaCI,  moleetdejj  presrant,  but 
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it  (Icprcisses  it  1.012°.  The  mont  probable  interpretation  of  this  fact  la 
that  the  solution  contains  more  particles  than  had  been  sapposed.  But 
to  get  a  larger  niunber  of  parlidcs  it  is  necessary  to  split  the  caJcitun- 
ehlorido  molecules  izito  Ca  and  CI  jiarttdeB.  Abont  91  per  cent,  of  the 
moleculea  munt  have  duwocialod  into  Ca  and  CI  ions.  If  the  number  of 
Boch  particles  in  eomputod  from  the  freezing  point,  it  is  found  t-o  be  about 
the  same  as  that  whinh  is  computed  on  the  ionic  tlicor>-  from  the  oon- 
uclivily.  As  in  this  case  no  electricity  is  nsed  and  it  is  unlikely  that 
deprcesing  the  temperAturo  could  cause  such  a  tUasociation,  this  fact 
lends  support  to  the  view  that  some  substances  dissooiate  into  particles 
and  tliesd  particles  are  tlie  ioiu,  or  electrically  charged  particles,  already 
mentioned. 

There  is  one  circumstance  which  strongly  corroborated  the  truth  of 
the  ionic  theory,  namely,  that  a  groat  number  of  facts  which  were  for- 
merly wholly  um-xplaincd  were  at  once  explicable;  and  new  facts  could 
bo  pruilictcd  and  fuund  to  bo  true  by  experiment  It  resulted  in  an 
entirely  new  development  of  electro-chemistry  and  quantitative  analysis 
was  put  by  it  on  a  firm  theorutical  foundation.  For  alt  those  reasons  we 
may  repeat  what  was  already  said,  that  no  more  clarifying,  fruitful 
theory  has  appeared  in  chomi&try  than  tlie  elcctrolytio  dissociation  theory. 
Inasmuch,  however,  as  tliere  are  some  who  do  not  yet  accept  the  tltomy 
as  positively  ij^sialiliahcd,  for  n:u»oiis  iulo  which  we  ctuinot  go  at  Ibis 
place,  it  must  be  accepted  provistoually  mily,  a*  tlic  mOHt  probable 
explanation  of  the  facts  which  has  yet  bc<en  proposed.  The  conception 
of  the  chemical  union  of  solvent  end  solute  may  eventually  considerably 
modify  the  ionic  theory. 

When  a  salt  dissolves  iu  water  then,  as  it  does  in  living  matter,  there 
are  these  reasons  for  bt^lieviug  tliat  it  breaks,  in  part,  into  electrically 
charged  particles  which,  like  so  many  tiny  electrodes,  each  bearing  one 

more  electrical  charges,  float  about  in  the  protoplasm  and  become 
ereby  capable  of  doing  many  Ihiugs.  Living  matter  contains  before 
it  is  stimulated,  tlicu,  a  large  number  of  electrically  chained,  particles, 
and  it  is  clear  that  if  in  any  way  an  accnraulation  of  positive  particles 
in  ooo  place  and  Of  nt^ative  iu  nnothcr  could  bo  produced,  and  if  the 
negative  and  positive  particles  had  different  aetions  on  the  vital  proc- 
esses, momentous  changes  might  thus  be  brought  about  in  living  mat- 
ter. This  is  what  happens  when  an  electric  current  is  sent  through 
protoplasm.  Moreover,  it  is  clear  that  if  the  nature  of  these  little  elec- 
trodes is  changwd  so  that  instead  of  carrying  one  charge  each  carries 
two  or  three,  or  if  they  carry  them  at  a  different  potential,  the  electrical 
equilibrium  of  the  protoplasm  might  be  upset  as  surely  as  if  a  separation 
of  opposite  electricities  had  occurred.  The  ionic  theory,  then,  is  at 
t  fundamental  to  an  understanding  of  the  nature  of  electrical  and 
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chemical  stimulation  and  depression  of  protoplasm ;  of  the  action  -of  salts 
and  dmigs  on  living  matter ;  and  it  also  enables  us  to  see  how  if  by  any 
reaction  taking  place  in  living  matter  a  change  in  the  distribution  of 
positive  and  negative  ions  could  be  produced  something  in  the  nature  of 
a  condenser  might  be  formed  which,  under  suitable  conditions,  would 
dischai^.  Later  on,  under  the  heading  of  colloids,  the  relation  of  these 
charges  on  the  ions  to  the  physical  state  of  the  protoplasm  will  be  con- 
sidered.   It  may  be  stated,  also,  that  oxidation  in  protoplasm  is  accom- 


Fto.  IT. — PorouB  cup  and  manomcler  for  measuring  onmottc  preMure  »■  used  by 
Pfeffer.  m,  manometer ;  z,  porous  clay  cup  with  ferrocjraDtile  In  Its  pores.  In  naklDg  tiM 
det«nnlDatloii  this  is  put  Into  a  tueaker  □(  water. 


panied  by  such  an  electrical  disturbance  which  in  its  turn  probably  acta 
as  a  stimulus  to  the  surrounding  parts  of  the  protoplasm,  the  stimoIoB 
being  propagated  in  this  way. 

Another  property  of  salt  solutions  of  great  interest  is  their  high 
internal  pressure.  The  internal  pressure  of  salt  solutions,  or  even  of 
water  alone,  is  very  high.  By  the  internal  pressure  is  meant  the 
cohesive  pressure  due  to  the  attraction  of  the  molecules  for  each  other. 
This  pressure  in  such  a  liquid  as  ether,  whicli  is  very  labile  and  Tolatil6 
and  of  a  low  internal  pressure,  is  about  2,000  atmospheres  per  square 
cm.  at  zero  degrees;  and  in  water  it  is  certainly  far  greater  than  thu, 
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being  probably  betweea  5,000  and  10,000  atmoBpfaeres.  The  addition  of 
salt  to  water  increases  this  pressure  still  bigher,  and  tbe  more  salt  there 
is  added  tbe  greater  the  internal  prcsaure  bet-omcs.  The  internal  pres- 
ire  being  so  bigU,  tbe  spaces  between  the  wat«r  molcuiUca  are  very  Bmall. 
Et  is  this  iutenxal  pressure  which  ia  probably  at  the  basis  of  osmotic 
jnssure. 

Osmotic  pressure. — ^Tbis  is  another  property  of  solutions  of  great 
aportauce  in  vital  phenomena,  sinec  it  is  one  of  the  factors  controlling 
be  amount  of  nater  in  protopla;^m  and  its  tiu'gor.  It  was  found  by  tbe 
English  physicist,  Graham,  that  if  solutioDS  of  two  different  substances, 
or  two  differently  concentrated  solutions  of  the  same  substance,  were 
separated  by  a  membrane,  either  auiinal  or  vegetable,  the  substances  in 
solution  would  in  some  instauces  pass  through  tbe  membranes  and  some- 
times tliey  nroald  not.  Using  parchment  paper,  or  bladder,  as  the  meoi- 
brane  be  divided  ail  substances  into  two  classes:  those  whicb  passed 

I  through  be  called  erj^talloids,  and  those  which  did  not  were  called  col- 
loids. Tbe  process  of  passage  of  solvent,  or  solute,  through  a  membrane 
^  called  osmosis.  It  has  been  found  possible  to  prepare  membranes  which 
are  freely  pei-meable  to  water,  but  which  oppose  a  resistance  to  the 
passage  of  the  crystalloid  solute;  such  a  membrane  is  said  to  be  semi- 
permeable,  since  only  tbe  solvent  goes  throngh.  The  botanist,  Pfoffer, 
prepared  siieh  a  membrane  by  precipitating  the  gelatinous  copper  ferro- 
eyauide  in  the  pores  of  a  porous  elay  cup.  If  potasKium  furroeyanide 
ix  put  witliin  tbe  cup  oE  which  the  pores  are  filled  with  water  and  the 

PBup  is  immersed  in  a  S  per  cent,  copper  sulphate  solution  for  24r48  hours, 
a  gelatinous  precipitate  of  cupric  fcn'ocyanide  occurs  at  tbe  junction  of 
the  solntioDS  within  the  porous  wall.  This  procipitute  is  permeable  to 
water  and  some  ordinary  salts,  but  it  docs  net  permit  cane  sugar  to  paaa 

I  through  it.  If  a  cup  thus  prepared,  or  prepared  by  the  eleetrolysis 
fnethod  of  Morse  aud  Horn,  holding  a  solution  of  cane  sugar  is  immersed 
[n  water,  sugar  cannot  go  out,  but  water  can  and  does  enter.  If  the  cup 
U  closed  by  a  mercury  manometer,  water  will  continue  to  pass  into  the 
cap,  expanding  the  solution  and  forcing  the  mercury  of  the  manometer 
npward  until  a  certain  pressure  is  readied,  when  the  manometer  becomes 
stationary  and  the  solution  takes  up  no  more  water.  This  pressure  is 
known  as  the  osmotic  pressure  of  the  sugar  solution.  It  is  the  pressure 
which  is  just  snffieicut  to  prevent  the  solution  from  increasing  in  volume 
when  separated  from  tbe  soLvoot  by  a  semi-ponneable  mombrouo.  Before 
considering  the  cause  of  this  passage  of  water  inward,  the  relation  of 
the  amoont  of  the  pressure  to  the  conveutration  of  the  solution  may  be 
^■^iseuflsed. 

B      Pfeffer  made  an  osmometer  of  the  nature  of  that  just  described 
[Figure  17}  aud  measured  the  amount  of  the  osmotic  pressure  of  sugar 
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solutions  of  various  concentrations  and  at  different  temperatures.  Sc 
of  the  results  he  obtained  are  given  in  the  following  tables.  It  Till 
observed  that  the  osmotic  pressure  increases  with  the  temperature  i 


CBiie  saear 
C = Cmi  c  «  n  (ra  li  oi  1 

!■  (I  =  13.  •5-14.-7) 
Oniiirilic  preseurii 

I' 

Temperature 

? 

P«r  cenl. 

cina.  lie. 

u 

6.8° 

50.501 

1 

53.5  cms 

53.5 

13.2 

611   ■ 

2 

101.6     ■' 

60.8 

14.2 

53,1  ■ 

4 

208.2     " 

52.0 

22.0 

64.8   - 

S 

307.5     " 

51.2 

36.0 

50.;  ' 

with  the  concentration;  and  also  that  the  amount  is  proportional  lot 
concentration  and  is  high.  Thus  a  0.1  molecular  solution,  34.2  gn 
saccharose  in  a  liter  or  about  3.1  per  cent.,  has  an  osmotic  preasnn 
2.24  atmospheres  at  0°;  a  .05  molecular  of  1.12  atmospheres  andeei 
This  rule  only  holds  for  dilute  solutions.  Concentrated  solutions  hw 
higher  pressure  than  that  calculated. 

Since  it  is  not  always  possible  to  find  semi-permeable  membw 
with  which  to  measure  osmotic  pressure  directly,  recourse  must  of 
be  had  to  indirect  methods.  Tlie  pressure  may  be  determined  by  tjk 
the  freezing  point  of  the  solution.  A  0.1  molecular  solution  depresso 
freezing  point  of  water  0.186°.  This  has  an  osmotic  pressure  of  S 
atmospheres  at  zero  degrees.  If  the  freezing  point  is  depressed  n 
half  of  the  foregoing  amount,  the  solution  must  be  .05  moleenUri 
the  osmotic  pressure  is  only  1.12  atmospheres.  Ordinarily,  theref 
instead  of  measuring  the  osmotic  pressure,  the  freezing  point  msj 
taken,  a  correction  made  for  the  concentration  change  produced  bj 
iee  wliich  has  separated  and  the  osmotic  pressure  calculated.  Of  w 
tlie  calculation  is  made  on  the  assumption,  which  is  not  always  eon 
that  the  degree  of  dissociation  and  association  does  not  markedly  cf 
with  the  temperature ;  this  is  virtually  true  for  most  common  salts 
very  useful  table  for  calculating  the  osmotic  pressure  from  the  free 
point  is  that  of  Harris  and  Gortner,  on  page  201. 

The  van't  Iloff  law  of  the  correspondence  of  osmotic  and  gas  pre 
only  holds  for  dilute  solutions.  It  does  not  hold  strictly  even  for  a 
tion  of  sugar  0.1  mol.  in  strength  and  higher  solutions  have  osmotic 
sures  greater  than  that  calculated.  (Morse;  Berkeley  and  Har 
Garrey.)  Thus  the  freezing  point  of  a  molecular  cane-sugar  soluti 
not  — 1.86°  C.  as  calculated  from  the  freezing  point  of  a  0.05  mole 
solution,  but  it  is  —2.775°.  The  osmotic  pressure  in  place  of  beim 
theoretical  amount  of  22.4  atmospliercs  at  0°  is  actually  about  33.3  a' 
pheres.  The  deviation  bec^omes  greater  at  higher  concentrations.  It 
not  disappear  entirely  if  we  calculate  the  concentration  on  the 
of  the  pressure  being  that  wliich  would  be  exerted  by  the  gas  when  c 
lated  for  the  volume  occupied  by  the  solvent  only.    The  osmotic  pre 
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rater  at  Woods  Hole  is  that  of  a  solution  freezing  at  — 1.81'  C. 
lat  of  a  3/4  molecular  cane-sugar  solution  (256.6  grams  per 

y)- 

iMOTic  Prebsubes  IN  Atmobfhkres  fob  Depbessiok  or  THE  Freezing 
Point  to  2.999°  C.    (Harris  and  Gortner), 

HundreililiB  of  degretg,  CeilllKnule. 
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2 

3 

0.3U2 

4 

s 

!     ■ 

1 

0.724 

T                ■ 

• 

0 

0.121 

0.241 

0.482 

0.603 

0.844 

0.065 

1.085 

6 

1.327 

1.447 

1.508 

1.688 

1.809 

1.930 

2.050 

2.171 

2.291 

2 

2.S32 

2.652 

2.772 

2.893 

3.014 

3.134 

3.255 

3.375 

3.496 

6 

3.737 

3.857 

3.978 

4.098 

4.219 

4.339 

4.459 

4.680 

4.700 

1 

4.941 

5.062 

5,182 

6.302 

5.423 

6.E43 

5.064 

6.784 

6.904 

S 

«.145 

0.266 

0.386 

6.C06 

0.627 

6.747 

6.807 

6.988 

7.108 

B 

7.349 

7.409 

7.690 

7.710 

7.830 

7.051 

8.071 

8.191 

8.312 

2 

8.552 

8.072 

8.793 

8.913 

0.033 

9.154 

0.274 

9.394 

9.514 

5 

9.76S 

9.876 

0.905 

10.12 

10.24 

10.36 

10.48 

10.60 

10.72 

10.90 

11.08 

11.20 

11.32 

11.44 

11.50 

11.08 

11.80 

11.92 

12.16 

12.28 

12.40 

12.52 

12.64 

12.70 

12.88 

13.00 

13.12 

13.30 

13.48 

l;i.60 

13.72 

13.84 

13.00 

14.08 

14.20 

14.32 

14.56 

14.03 

14.80 

14.92 

15.04 

16.16 

15.28 

16.40 

15.52 

15.76 

15.88 

16.00 

16.12 

16.24 

10..-)0 

16.48 

10.60 

10.72 

10.96 

17.08 

17.20 

17.32 

17.44 

17.56 

17.08 

17.80 

17.9:i 

IH.lfl 

18.28 

18.40 

18.62 

18.64 

18.76 

18.88 

19.00 

19.12 

19.36 

19.48 

19.00 

19.72 

19.84 

19.96 

20.08 

20.20 

20.32 

20.56 

20.68 

20.80 

20.92 

21.04 

21.16 

21.28 

21.40 

21.52 

21.70 

21.88 

22.00 

22.12 

22.24 

22.36 

22,48 

22.60 

22.72 

22.90 

23.08 

23.20 

23.32 

23.44 

23.50 

23.08 

23.80 

23.92 

24.16 

24.28 

24.40 

24.52 

24.63 

24.75 

24.87 

24.99 

25.11 

25.35 

25.47 

25.50 

25.71 

25.83 

25.95 

26.o; 

20.19 

20.31 

26.55 

26.67 

26.79 

26.91 

27.03 

27.15 

27.27 

27.39 

27.51 

27.76 

27.67 

27.99 

28.11 

28.23 

28.34 

28.W 

28.53 

28.70 

28.94 

2t).fl6 

20.18 

29.30 

20.42 

20.54 

23.06 

20.78 

29.90 

30.14 

30.26 

30.38 

30.50 

30.62 

30.74 

30.86 

30.98 

31.09 

31.33 

31.45 

31.57 

31.69 

31.81 

31,03 

32.05 

32.17 

32.20 

32.63 

32.06 

32.77 

32.80 

33.00 

33.13 

33.28 

33.36 

33.48 

,33.72      , 

33.84 

33.96 

34.08 

34.20 

34.31 

34.43 

34.60 

34.08 

1 34.91 

^5.04 

35.10 

35.27 

35.30 

35.51 

35.03 

35.75 

35.87 

uiient  form  of  apparatus  for  determining  the  freezing  point 
egetable  saps,  milk  or  other  animal  juic^  is  that  shown  in 
described  by  Bartiey: 

iparatus  consists  of  a  Bewnr  tube.  A,  22  cm.  high  and  0  cm.  inside 
in  a.  wooden  base.  This  is  fitted  with  a  rubber  stopper  having  three 
the  large  hole  is  fitted  a  hca\-y  glass  test  tube  20  cm.  long  and  3  cm. 
down  to  near  the  bottom  of  the  ves.scl  A.  Two  other  holes  are  for  small 
>er  tubes,  one  (C)  termlnuting  just  below  the  rubber  stopper  and  the 
.ssing  to  the  bottom  of  A  and  coiled  around  two  or  three  times.  These 
forated  with  a  scries  of  small  holes.  Inside  of  the  test  tube  passing 
'ubber  stopper  is  a  second  tist  lube  of  about  the  same  length  snd  2.5  cm. 
held  in  place  by  a  section  of  rubber  tubing  drawn  over  it  and  sepnrnt- 
ubes  by  a  narrow  space.  In  operation,  this  epnce  is  filled  with  alcohol, 
ermometer  (F)  with  a  platinum  wire  coiled  loosely  around  its  lower 
B  tbft  apparatus.     In   the  apparatus  as  here  figured,  and  as  used  by 
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tito  Auihor,  thft  lUrrcr  (K)  i>  ofi^nUA  by  x  toy  motor  (D)  ran  by  an  ordieAT7  Jiy 
cell.  This  can  lie  (linpiti.tcil  with,  il  dcaired,  imd  the  itirrer  operated  by  bADd,  al- 
tbougli  Uiii  meeli&nicBl  cuntrimnca  in«lcea  th«  Kppnmtua  almost  nulomitti^.' 

To  OM  the  npjiitriiLun,  flit  tlie  tube  A  about  one-tliird  full  o(  ether  or  carbon 
dliitilplitilc.  lourt  thii  rabbar  utopiMT  ligULty,  cniinoct  tlin  shorter  metal  tube  -wiLli 
r.  Ridiards  wpiratoi  pump,  aitiichG<!  to  the  water  acrricc.  Tim  lii^uid  to  be  froxeti 
Is  pimoed  In  the  inner  t»at  tube.  Tlivrii  Khuiild  be  oiiuitgh  lii^uid  to  curi-r  tim  nii-r 
«ury  bulb  of  the  tlicimonieter,  wlien  Uie  latter  is  lowered  to  the  bottom  of  the  tube 


lli*  u-a.l£r  fa  Ifaan  ttarti^l  through  tin:  Kicbarda  roaplrntor  pump,  v-hicli  draw*  jut 
tliroujjh  Uic  cUier  in  «  ticrii-a  of  bubbW,  ciLUBiiig  it  to  vvn[.>oratc. 

Owing  to  Ui«i  WL'll-kiiiiwn  prindple  of  the  Downr  tubi.*,  uppliud  in  tlic  (lopular 
thernioa  bottl«,  almost  all  the  luait  uied  to  raporlzc  the  «tlior  ia  derived  from  tli* 
thin  layer  of  alo3hol  betwMB  tbe  two  teat  iubei  ami  riont  tlic  liquid  under  ezaminn- 
Uon.  There  is  no  froating  of  the  OUt«'  VMsel,  the  irholi?  eystuin  remains  clear  and 
tianaparait  anil  the  tfiermonietcr  oui  easily  be  read  at  all  tiinea. 

When  the  temperature  reaches  xeni,  the  atirrer  is  eUtrt^sl.  It  will  be  observed 
that  the  temperature  ateadily  ainlis  to  — 2'  C.  0  — 3"  C,  before  freezing  bcgioa,  i-c, 
'Bortlcty:  Archiai*  of  Diagnotia,  1&13. 
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twD  or  n»r«  6tgne»  below  the  tnte  freezing  paint  «(  the  liquid.  Then,  •uddcDl/, 
(recEing  ocean  and  the  Icuipcraturv  ivadiuif  riM^  ti>  a  &xvii  ^oint  und  njumins  tliere 
(or  some  niiniitcs.  VVbcD  Uiis  point  Ib  rciiclicd  the  wster  i*  situt  oil  and  ma  accurata 
rcAditi^  Uikca.    '£hn  is  Ike  {rocxing  jwint  of  tlw  liquid.     Tlieru  ii  no  aevvaeUjr  «( 

■  sdtUitg  ira  to  Htart  tb«<  freexing,  as  is  usunU}'  done  in  other  fornii  of  Kpparatus.  Xliu 
whoto  prccrsa  is  aatonuttic  And  all  tli«  ol»>«frcr  need  do  i«  to  rc^ilats  th«  flow  of 
vnter  running  tlttuugli  lUc  pump  and  rrtid  tlic  thcrmfim(?tcr.  It  is  ndviBtbblc.  whrn 
Uu  t«ra|KratiirD  rcaelicii  rxtii,  to  draw  tlic  air  thioiij{li  the  cthor  mor*  alowly  until 
(raeslDS  tukrs  |iliu.-c,  hy  piirllj  Bhutting  nlT  Uic  lliiw  u(  water.  For  sccurntv  nork 
tlie  Beokmunn  adjualiitili!  theriiiouii'U-r  should  bv  used.  Tbe  tliennomeUr  la  tlifl 
moat  important  and  tnost  Qxp«Baive  port  of  tlic  apparatus" 

■       The  osmotic  pressure  may  then  be  defined  as  that  pressure  which 

"  is  just  suflicient  to  prevent  any  intreaae  of  volume  of  a  solution  when 

it  is  sepaiated  from  its  solvent  by  a  traly  semi-permeable  membrane. 

Using  the  measurements  of  I'fetTor,  ran't  Hoff  discovered  tliat  for 

^  dilute  solutions  the  oftmotiv  pressui-es  were  equal  to  tlie  pressure  which 

J  a  true  gas  would  e?:crt  if  the  same  number  of  molecules  were  contained 

in  a  space  as  hirge  as  that  at  the  disposal  of  the  solute  molecules.    Thus 

a  one-tenth  gram  mol.  of  sugar  in  a  liter  space  at  0'  exerts  an  osmotic 

pressure  of  2.24  atmospheres  per  square  cm.     One-flfth  of  a  gram  of 

hydrogen  gas  in  the  same  space  aud  at  tlie  same  temperature  would  have 

the  same  pressure,    iioreover,  the  temperature  coefficient  is  the  same 

both  for  the  osmotic  pressure  and  the  gas  pressure.    In  the  case  of  a  gat 

it  is  known  to  be  1/273,  or  .00366  per  degree.     PfeCFer  found  for  the 

^  osmotic  pressure  of  sugar  appruximately  the  same  value. 

f        A  1  per  cent,  solution  of  canu  sugar  contuitut  one  gram  in  100.6  c.c. 

The  same  number  of  niolecnles  of  hydrogen  in  tlic  seme  space,  or  .0581 

grams  per  liter  at  0*  exerts  a  pressure  of  .616  atmospheres.    Van't  Hol7 

gives  the  foUowitig  table  comparing  gas  and  osmotic  pressure: 


Tcniwmiate 

e.9" 

13.7 
IO.S 
30.0 


Ocaiiiilciiniiwilnar 

0.9U 
O.I0I 
0.884 
0.748 


<i««i  iitpwiir*  of 

liVrtrogiili  im 

0,665  alruotpliare 

0.8S1 

O.Mfl 

0.73S 


1QSC  facts  wore  all  determined  cmpiricaUy,  but  the  explanation  has 
not  yet  boen  given  to  the  stLtisfaciion  of  all.  At  first  iJie  conceptions  of 
the  molecular  kinetic  tiicory  of  gas  pressure  wore  carried  over  bodily  to 
explain  osmotic  pressure.  The  pressure  in  tlie  case  of  a  gajt  is  due  to 
the  bombttrdmcnt  of  the  walls  by  the  rapidly  moving  molet^ules  of  the 
gas;  the  osmotic  pressure  was  ascribed  to  the  bombardmmt  of  the  semi- 
permeable membrane  by  the  dissolved  molecules.  A  more  probable 
cxplanttion  of  the  pressure  is  the  following;  The  vapor  pressure  over 
a  salt  solution  is  less  than  over  pure  water.  This  is  shown  either  by 
direct  measure  of  tbe  vapor  pressure  or  by  a  boiling-point  determina- 
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tion.  Tlie  boUio^  point  of  a  eolution  U  that  tomperatun!  nt  wliich  thi> 
vapor  prcssuro  bocomes  equal  to  the  external,  generally  tht-  aimuspheric, 
pressure.  It  is  found  Ltiat  it  is  ueveasary  at  atiaoHphtiric  pit^tiHurD  to  Imat 
salt  solutions  to  tempuratures  higher  iJiau  100"  C.  beforu  Lhey  begin 
to  boil,  from  which  w«  coiicludo  that  Uicir  vapor  pruiUiurcM  at  100'  uuJ 
below  ai'ti  less  than  an  alniusplivro  and  lower  tlian  tliat  of  puru  watur. 
It  ia  also  found  that  the  increaso  in  the  boiling  point  is  proportional  to 
the  molecular  eoaccntration  of  the  dissolved  gubslanca  for  alt  substanoca 
which  vaporize  at  a  temperature  higher  than  do<!S  wator.  Why  is  the 
vapor  pi"essurc  of  a  salt  soluliou  lower  than  tliat  of  wator?  Various 
reasons  may  be  a&sigueil.  One  m  thai  IIr*  atlrautiou  between  salt  mole- 
cules and  between  water  and  salt  is  greater  than  that  of  water  for  water. 
Hence  the  internal  pressure  of  the  solution  ifi  higher  than  llinL  of  water 
alone.  Now  at  the  same  temperatures  all  molecules  possess  the  same 
avci-age  kinetic  ouerg>' ;  that  is,  the  product  of  the  mass  by  the  square  of 
the  average  velocity  is  a  constant  for  all  molecules  at  auy  given  tem- 
perature, the  be-avier  molecules  moving  more  slowly,  the  lighter  faster. 
The  mean  kinetic  energy  of  tlie  water  molecules  in  water  and  salt  solu- 
tion is  tlie  same,  but  tlie  cohesive  attraction  is  greater  in  the  salt  than 
in  the  water.  Only  those  molecules  which  have  a  kinetic  energy  above 
the  mean  value  are  able  to  escape  from  this  cohesive  attraction  of  the 
liquid  into  the  vapor.  Since  the  cohesive  energy  is  greater  in  the  salt 
solution,  there  will  be,  ou  the  average,  fewer  molecules  able  to  escape  this 
attraction  in  unit  time.  Hence,  when  equilibrium  is  reached  and  just  as 
many  molecules  in  the  vapor  arc  coming  into  the  liquid  as  fscape  from 
the  latter,  this  equilibrium  will  be  attained  wheo  fewer  molecules  are 
in  the  vapor  space  in  the  case  of  the  salt  solution  and  hence  the  vapor 
pi*es8ure  ovtr  the  salt  solution  will  be  lower  than  over  the  water. 

If  two  reecplacles  arc  closed  except  for  a  glass  lube  eounectiug  them 
oud  the  one  is  partly  full  of  water,  the  other  partly  full  of  salt  soluliou, 
the  vapor  pressure  over  the  salt  solution  will  be  lower  than  that  over  the 
water.  The  water  will  gradually  distill  over  into  the  salt  solution.  The 
conditions  are  not  difTcrcnt  if  the  two  solutions  arc  brought  into  contact; 
for  now  the  attraction,  or  cohesion,  of  llie  salt  solution  molecules  for 
water  is  greater  than  tliat  of  tlie  water  molecules  for  water,  and  the  water 
molecules  will  gradually  penetrate  the  salt  solution  until  equilibriuni 
m  attained,  when  the  solution  becomes  hoiiiog;encous.  If  we  put  a  semi* 
pomteabic  membrane  between  the  solution  and  the  solvent  and  then 
exert  a  pressure  on  the  salt  solution,  molecules  of  solvent  may  be  forced 
outward,  by  filtralion.  through  this  mombranc.  By  incroaaing  the  pres- 
Kure,  the  number  of  solvent  moleouhs  thus  l<>aving  the  salt  solution  may 
be  increased  until  a  point  is  reached  at  which  the  numbers  thus  forced 
out  by  pressure,  added  to  those  which  are  leaving  as  vapor,  equals  the 
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nombor  leavinff  pure  water  when  in  equilibrium  with  its  vapor.  This 
prewure  will  thus  just  suffice  to  provont  more  water  entering  Uiq  solu- 
tion tlian  is  leaving  and  such  a  pressure  is  called  the  uunotic 
pressure. 

The  cause  of  the  osmotic  pressure  is  evidently  ultimately  the  attrac- 
lion  of  a  physical  or  cltemicul  nature  between  the  solvent  ami  the  solute 
molecules.    It  is  the  cohesive  or  interiml  pn^ssiirc  of  the  solution. 

Since  salt  solutions  and  all  things  in  solution  exert  osmotic  pressure, 
protoplRsiii  lias  a  decidedly  higher  osmotic  pressure  than  water.  The 
amouot  of  this  pressure  varies  in  dilTorent  cells,  but  for  the  mammalian 
tiwtuo-s  it  is  supposed  to  be  about  thai  of  a.  0.9  per  eent.  NaCl  (iolution, 
ninirr  in  such  a  solution  the  tissue  neither  gains  nor  loses  weig^U.  This 
is  about  7.1  almospliei'es.  For  the  cells  of  apples,  the  juice  obtained  by 
pressing  the  apples  has  an  osmotic  pressure  of  about  17  atmoHphcrea. 
It  is  partly  by  means  of  osmotic  pressure  that  plant  and  animal  celt« 
preserve  their  turgor  and  keep  the  cell  wall  Btrelched;  and  it  is  by 
changes  in  turgor  Ihiit  movements  am  producnH  in  many  plants,  i.e.,  the 
sensitive  plant,  and  possibly  in  our  own  brain  cells. 

The  detertninulion  of  the  osmotic  pn'.<i$iin!  of  animal  and  plant  cells 
may  be  directly  miulc  by  immersing  them  in  solutions  of  salts  or  sub* 
stances  whieli  do  not  penetrate  them  and  dctermininf;  whether  thcj'  slirink 
or  8W6U  or  remain  unaltered.  That  solntiou  in  which  thoy  neither  swell 
nor  shrink  is  supposed  to  have  an  osmotic  pressure  equal  to  that  of  the 
cell  contents.  This  method  was  used  by  the  botanist,  da  Vries,  to  deter- 
mine the  osmotic  pressure  of  plant  cells  and  also  the  concentration  of 
varions  salts  all  of  which  left  the  size  of  tlic  cells  unaffected.  He  used 
celLi  of  many  pliuits,  amonR  othcr.s  of  Tratlescantla.  the  spider  lily.  Algw 
scire  as  well.  Nominlly  the  cell  (.'ontcuts  are  under  liigh  pressure,  duo 
to  turgor  which  keeps  the  protoplasm  applied  to  Ibo  cellulose  wall,  but 
if  the  cell  h  put  into  a  solution  of  which  the  solute  does  not  penetrate 
the  cell,  and  if  the  osmotic  pressure  is  high,  the  protoplafon  shrinks  away 
from  tfao  eclluloEo  wall.  It  is  said  to  be  plmmolyzed,  and  the  method  is 
called  tlio  plasmolysii  metlwd.  By  this  method  the  osmotic  pressure  of 
various  plant  cells  was  determined.  Some  veprtnblc  saps  have  an  OHiaotic 
pressure  of  14  atmospheres. 

This  method  has  several  serious  sources  of  error.  The  plant  cell  is 
not  a  bag  of  liquid  with  a  semi  permeable  wall,  but  probably  a  jelly-liku 
suhstaneo.  Furthermore,  this  gel  is  one  of  the  most  unstable  siibstonecii 
known.  It  is  living  matlpr,  and  flte  activities  of  Iivinp;  matter  are  won- 
derfully dependent  on  different  kinds  of  salts  and  other  substances.  It 
is  not  surprising,  therefore,  that  the  method  has  given  only  approximate 
resnita,  althoii(rh  thc«e  n-snlts  have  been  of  great  value,  since  it  was  from 

Vries'  osmotic  measurements  madi;  by  Ihi.s  methoc!  that  van  'I  Hoflf 
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unil  ArrliCDiiis  druw  their  material  for  the  inns  of  osmotic  pressure  ant 
ditisociatioD. 

Aaioial  cells  presumably  have  an  osmotic  pressure  approximately 
etpial  to  that  of  the  circnlating  liquids  like  the  blood,  which  is  some- 
what more  than  soveta  atmoaphcro!).  The  freezing  point  of  bloo<l  serum 
ia  ahout  — 0.6',  which  would  be  an  osmotic  pressure  of  7.2  atinospberea 
as  shown  in  tlie  table.  The  red  blood  corpascles  of  ninmuiHlK  are  often 
UKcd  for  osmotic  pressure  determinations.  The  concentration  of  a  solu- 
tion is  determined  in  wbioh  the  corpu!?r1e.s  have  the  same  volume  (in  tliu 
hematokrit,  me  piipc  921)  that  they  usually  have  in  the  serum.  The 
Ofimoitc  prestnirc  of  the  scrum  is  hence  equal  to  that  of  the  itolution. 
For  niBmmalian  corpuscles  it  is  about  that  of  a  0.9  per  cent.  NaCl  solu- 
tion. Solutions  of  this  osmotie  pressure  are  said  to  be  isosmolie  or 
isotonic.  Stronger  solutions  wliitLl)  Khrink  ttie  corpusolea  are  hjfpertonie ; 
vreaker,  which  swell  them,  are  hypotonic.  Although  these  eorpusclt^s  hare 
liltle  chcmiexJ  activity,  tlu-y  an;  gels  like  the  plant  eells  and  their  use 
(or  dctennining  osmotic  prnssurc  is  hence  very  limited. 

Surface  tension. — Be.'^idcs  the  properties  of  osmotic  prc&suro  and 
ionization  and  the  physical  properties  which  have  been  mentioned,  salt 
solutions,  such  as  occur  in  protoplasm,  or  in  fact  all  liquids,  possess 
certain  properties  at  the  surfai^es  whidi  separate  them  from  other  sub- 
stances of  a  gaseous,  liquid,  or  solid  nature.  Such  surfaces  are  supposed 
to  and  probably  do  exuit  in  protoplasm  between  the  more  solid  and  the 
more  liquid  parts  of  the  protoplasm;  and  the  physical  properties  of  such 
surfaces  of  Reparation  Ituromo  at  Irn^t  wortiiy  nf  tiltcntion  in  any  exami- 
nation of  the  physical  properties  of  protopla-sui.  It  is  clear  that  where 
a  liquid  comes  in  contact  with  another  substauce  of  a  different  kind,  tho 
molecules  of  tho  pcripherj-  of  tho  liquid  are  no  lonffor  under  similar 
altraclions  ia  all  directions.  It  will  seldom  or  never  happen  that  the 
attraction  holweon  tlio  molecules  of  the  two  substAiiccs  in  contact  will 
he  precisely  the  same  as  tliat  between  the  molecules  of  each  substance. 
The  result  of  this  will  he  that  the  molecules  in  the  surface  dim  of  the 
liquid  will  be  attracted  with  a  different  foiTce  outward  thau  they  are 
inward.  Their  freedom  nf  movement.,  therefore,  will  no  longer  bo  pre- 
cisely the  samo  in  all  directions,  as  it  is  in  the  interior  of  the  liquid,  but 
will  bo  rostricted  in  certain  directions.  Tbc  surface  of  a  liquid  thus 
comes  to  possess  different  properties  from  the  interior;  and,  since  the 
molecular  freedom  of  movement  is  restricted  in  a  certain  direction,  the 
surface  perpendicular  to  this  direction  acquires  the  property  of  a  solid. 
since  a  solid  is  a  liquid  in  vrhich  the  freedom  of  inovenicnt  of  the  mole- 
cules is  reduced.  The  surface  has  a  certain  resistance  to  rupture  owing 
to  the  inability  of  the  molecules  to  move  freely  out  of  the  plane  of  the 
surface;  and  this  rcsistftnce  to  rophirc  of  the  surface  film  is  called  the 
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aurface  tension.  Wliererer  there  are  surfaces  of  separation  of  liquids, 
or  of  liquids  from  solids  in  protoplasm,  such  surface  fllma  will  be  found ; 
id  tboiT  surface  tension  beoouiea  (hen  a  very  im]>ortaiit  matter  in  the 
iiy8iol0K7  of  tlie  celL 
Method  of  determining  the  surface  tension. — The  surface  tension 
of  a  liquid  can  be  dtflpmiinwJ  in  several  diffcpnnt  ways,  of  which  only 
a  brief  outline  can  Iw  g^iven  here.  The  most  accurale  is  perliaps  the 
called  ripple  raKtJiod  of  Lord  Rayleigh,  which  consists  in  meaauring 
tlic  speed  of  propagation  of  a  s»;ries  of  ripples  set  up  in  a  pan  of  the 
iiqnid.  Tlicrc  is  a  relation  between  the  vcloi-iily  and  tlic  surface  tension. 
ThJ8  is  applicable  to  pure  liqnids.  Another  equally  accurate  method 
is  that  devised  by  Miohelson  of  moasuring  directly,  by  moons  of  a  balance, 
Uio  tension  of  a  double  surface  6lin  of  a  giv(>ii  1pn};t}i.  This  mothod  Is 
not  applicable  to  volatile  liquids.  There  ai-e  two  methods  which  are  more 
convenient,  l)ut  whidi  are  not.  so  awiirate.  One  in  Ihe  ra*>asiiri>ment  of 
the  height  to  which  a  li(|uid  will  rise  in  a  capillary  lube  of  known  l)ore. 
From  this  height  llie  jiurface  tension  in  dynett  per  cm.  may  be  calculated 
the  formula:  Surface  tension=f  =Vj  grh  {l)j— D,).  r  is  the  radius 
Fof  the  tube  in  cms. ;  g,  the  acceleration  due  to  gravity ;  h  is  the  height  to 
trhieh  tlie liquid  rises;  and  D,  and  D,  the  densities  of  liquid  and  vapor. 
The  drawback  to  thi<4  forniula  and  thift  molhod  of  tht?  moafitircment  of 
tlie  surface  tension  is  ihal  it  involves  ihe  assnuiplion  that  the  angle  of 
contact  of  the  liquid  wiih  the  wall  of  ihe  tube  is  zero,  no  that  the  cosine 
of  tlie  anglt;  is  nnily.  While  Lliis  is  very  nearly  approximated  to  in 
water  at  low  iempL-ratiina,  it  is  probably  not  true  at  higluir  temperatures 
and  particularly  for  liquids  which  have  a  lower  tension  than  water; 
lence  all  determinations  of  the  surface  tension  by  the  capillarj-  method 
open  to  the  suspicion  of  being  loo  low,  the  error  increasing  with 
the  temperature.  Another  method  of  determining  the  tension  is  the  drop 
aethod.  The  drop  weight  which  any  surface  fllm  can  snpport  is  depend- 
on  tlie  surface  tension.  The  number  of  drops  which  are  formed 
from  a  given  volume  of  liquid  is  determined  by  means  of  a  slalagmomcter, 
LPignre  19,  and  if  the  density  of  the  liquid  is  known,  the  weicht  of  each 
Ittjp  may  be  calculated  from  the  weight  of  the  liquid  divided  by  the 
ntimber  of  drops.  The  surface  tension  of  water  l»eing  taken  as  unity, 
tho  surface  tension  of  any  other  liquid  mcMimirc«l  in  the  same  stalagmomi>- 
ter  may  be  found  from  the  formula: 


y,  is  the  surface  tension  of  the  liquid  nought ;  z  and  as,  the  number  of 
drops  of  equal  volumes  of  water  and  solution ;  s,  tho  spexiific  gravity  of 
the  unknown  liquid  of  which  y,  is  the  surface  timsion. 

Tbia  method,  while  not  eo  accurate  as  aomo  others,  is  ncvertbeloai 
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mo3t  applicable  for  the  determination  of  the  surface  tension  of  animal 
and  plant  liquids.  It  has  been  refined  in  the  haada  of  I.  Traube  and 
Morgan.  Another  accurate  method,  also  avoiding  the  error  of  the  angle 
of  contact  of  liquid  with  the  solid,  is  that  of  Eiitvos,  which  is  particularly 
applicable  for  the  accurate  determination  of  the  tension  at  the  junction 
of  liquid  and  saturated  vapor.    It  involves  only  the  measure  of  certain 


IF 


t'la.  10.~^Traube  BtalasmometerB  for  determiutng  surface  IcdbIou. 

angles  determined  by  reflected  light  and  ia  carried  out  in  sealed  tubes.  It 
may  be  used  for  the  determination  of  the  surface  tension  of  condensed 
gases.    There  are  also  other  methods,  but  these  are  the  more  important. 

It  is  found  by  the  use  of  the  ripple  method  that  the  surface  tension 
of  pure  water  is  73.24  (74  by  Rayleigh)  dynes  per  cm.  at  18°.    The  addi- 
tion of  any  of  the  common  salts  increases  the  tension,  as  is  shown  in  the 
table: 
Sdkface  Tension  of  Sodiuu  Chlobidk,  Potassium  Ciilokiob  and  ZnSO^  18°. 


ConceiilTstloii 

NaCl 

KCl 

'/jZnSO^ 

.IM 

73.42 

73.48 

73.40 

.2 

73.51 

73.GO 

73.60 

^ 

73.55 

73.75 

73.75 

.6 

74.10 

74.20 

74.20 

.7 

74.40 

74.50 

74.50 

1.0 

74.80 

75.00 

75,10 

ese  results  are 

represented 

by  the  f 

armula,  T, 

=T„4 

-kC.    The  value 

of  k  was  NaCl^l.53;   KCl,    1.71;   V2  NaXo^,  2.00;   Vs  KXo^,    1.77; 
Ms  ZnS0i=1.86.    T»  is  the  tension  of  water. 

It  will  be  noticed  that  the  addition  o£  each  salt  has  a  specific  effect. 
That  is,  the  tension  is  not  increased  to  the  same  extent  by  the  same  con- 
centration of  each  salt.  The  surface  ton.qion  is  also  a  linear  function  of 
the  concentration,  at  least  within  certain  limits.  The  compressibilities 
of  the  solutions  decrease,  in  hoinologona  salts,  as  the  surface  tension 
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incKOses,  ghowiug  tjiut  the  interna]  pressure  of  the  aoIatioQ  duo  to  cohe- 
sion is  aUo  increased  by  the  action  o£  the  salt 

Fats  and  soapa  and  bile  tialts  decrease  the  sarface  tennioo  of  water. 
Tbo  least  trace  of  grease  baa  a  marked  effect  on  the  surface  tension  of 
water,  if  Uie  tension  is  measured  by  tlie  ordinary  methods,  where  the 
surface  ia  not  frt-sh.  But  if  the  jet  method  is  used  for  the  determina- 
tion of  the  tension,  it  is  found  Ibat  the  perfectly  fresh  surface  of  the 
voter  has  its  tension  changed  very  little  by  the  addition  of  soap.  It  is 
only  if  there  has  been  a  chance  for  the  surface  to  stand  for  a  few  moments 
that  the  surface  tension  is  found  to  fall  rapidly.  The  reason  for  this 
is  that  the  conccnl ration  of  the  soap  in  the  surface  Him  increases  up  to 
a  certain  point  with  the  time  and  thereby  mnhes  the  surface  tension 
steadily  lower.  It  is  a  rery  important  fact  to  remember,  in  considering 
the  surface  tension  of  substanoea  which  may  exist  in  two  or  more  states, 
Ihat  thu  stat«  with  the  lower  surface  tenson  will  accumulate  in  the 
surface 

The  surface  tension  of  water  may  be  used  to  test  tlic  presence  of  oil 
in  the  skin.  If  camphor  is  placed  on  tho  surface  of  perfectly  pure  water, 
it  darta  hither  and  thitlior  on  the  surface  until  by  its  solution  in  tho 
water  it  has  lowered  the  surface  tension  of  the  water  a  certain  amount. 
If  there  is  an  extremely  small  amount  of  grease  on  the  snrface,  and  there 
is  generally  enough  grease  in  the  air  of  on  ordinary  lalwratory  to  spoil 
the  surface  of  water  very  quicVly,  tlie  camphor  stands  still.  Now  it  is 
found  if  a  rIbss  rod  be  touched  to  the  skin  beside  the  nose  and  then 
touched  to  the  water,  it  makes  the  camphor  still,  providci]  the  skin  lias 
a  normal  amount  of  oil.  A  quantitative  determination  of  the  oilinet«  of 
the  skin  in  difTorcnt  loealities  can  bo  made  by  this  motho<l.  It  has  been 
found  that  the  ingestion  of  Iwrit;  atrid  iu  sufticieDt  quantity  so  completely 
prevents  the  secretion  of  oil,  causing  all  the  hair  of  the  bcxly  to  come  out, 
that  the  camphor  no  longer  becomes  still  if  the  rod  is  rubbed  by  the  side 
of  the  nose  and  then  toiich(»l  to  the  water.  Lortl  Rayleigh  hits  eah-ulatcd 
how  thin  the  film  of  oil  must  be  to  prevent  the  movement  of  camphor 
on  water  and  he  has  found  that  it  is  about  of  the  order  of  rasfrnitudc  of 
a  single  molecular  diameter  of  tho  oil.  In  other  words,  the  oil  is  a  layer 
only  a  raolecalar  diameter  thick.  The  reason  why  the  camphor  darla 
about  on  the  surface  is  tliat  by  tlie  solution  of  a  little  of  the  camphor 
under  the  piece  there  is  a  local  lowering  of  the  surface  tension  so  tliat 
the  surface  yiebla  at  this  point  and  is  stretched  by  the  superior  tension 
of  tbe  surface  elsewhere.  Tliis  jerks  the  camphor  away  with  it.  It  is  a 
good  demonstration  of  how  rapid  movements  may  be  produced  through 
the  influence  of  surface  tension.  Slany  believe  that  the  movements  of 
protoplasm  and  oven  muscle  contraction  are  due  to  surface-tension 
cbsnges.    But  this  may  be  discussed  later.    When  the  concentration  of 
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th«  soap  or  oil  in  the  frater  is  sufficient  to  lower  tLc  surface  tension  to 
the  point  where  the  addition  of  camphor  can  lower  it  no  further,  then 
the  camphor  stays  still. 

A  more  difficult  question  is  raised  if  it  bo  oskod  how  it  comes  that 
sodium  chloride  added  to  water  increases  the  surface  tension  and  that 
sonp  or  fat  lowers  it  Perhaps  it  follows  from  the  !&x:i  that  the  cohesion 
of  salt  is  greater,  and  that  of  fat  is  less,  than  that  of  water.  What  the 
oohesivo  pressure  of  soap  or  oil  may  he  is  unknown,  but  it  certainly  is 
a  good  deal  less  than  that  of  water.  Water  probably  has  an  internal 
pressure  of  ahout  10,(XiO  afmospboros  per  square  em.  at  15'.  No  other 
liquid  has  at  this  tcmperalnre  as  high  an  internal  pressure  as  this.  The 
surface  tension  of  a  pure  litiuid  is  n  function  of  the  internal  pressare, 
and  the  surface  tension  of  water  is  accordingly  higher  than  that  of  oil. 
Acetic  acid  also  lowers  the  surface  tension  of  water,  and  here  again  the 
surface  tension  of  the  acid  is  less  than  that  of  water.  Salt,  on  the  other 
hand,  has  an  internal  pressure  so  great  that  the  substance  is  a  solid  at 
the  ordinary  temperatures ;  it  is  much  higher  than  water.  Wo  may  say, 
tJien,  that  those  aubstanees  with  a  lower  surface  tension  than  water 
will  move  into  the  surface  film  and  those  of  a  higher  surfatre  tension  will 
move  away  from  the  film. 

The  accumulation  of  substances  in  the  surface  Film. — The  eminent 
American  mathematical  chemist,  Willard  Gihhs,  drew  the  conclusion  from 
that  general  principle  of  energetica  and  tliermodynaniic^  which  6a>*8  that 
aystems  always  endeavor  to  take  that  state,  or  form,  in  which  their 
potential  energy  13  at  a  minimum,  that  if  any  substance  lowered  surface 
tensrion  it  would  accumulate  in  the  surface  film,  and  that  if  it  raised 
surfai.>A  tension  it  wonid  be  Io.ss  oontrentmlfd  in  the  Mirface  film  than 
elsewhere.  This  prediction  wa.s  experimentally  confirmed.  It  is  eaaj- 
to  see  why  this  should  he.  If  a  substance  by  its  prrsi^nc*-  in  the  surface 
film  is  going  to  increase  the  surface  energy  it  is  evident,  from  the  law 
of  conservation  of  energy,  that  this  increase  of  energy  can  only  bo 
obtained  by  the  doing  of  work.  The  substance  in  order  to  move  into  the 
film  must  then  do  work.  This  is  as  if  there  was  an  ohetaclo  to  its  moving 
into  tlic  film  and  hence  Uiere  will  be  fewer  molecules  moving  iuto  the 
film  against  this  pressure  than  are  moving  in  other  direc^tions.  Hence 
the  eoncentration  will  be  less  in  the  film.  Just  the  contrary  will  be  tlie 
case  for  substances  which  by  their  presence  in  the  surface  diminiab  the 
surface  tension.  For  these  substances  the  swrfiiiTo  film  acts  as  a  trap. 
Once  in  it  they  find  an  obstacle  to  their  Inaving  it,  since  by  their 
departure  the  energy  of  the  surface  will  be  increased,  and  hence  to  leave 
it  they  must  do  woi^.  Tt  is  found,  aa  a  matter  of  fact,  that  this  diminu- 
tion or  increase  of  concentration  in  the  surface  film  actually  occurs, 
although  the  amount  is  not  usually  very  great.    In  soditua  oleate  solu- 
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tion,  Milner  fonud  an  excess  of  0.4  mgs.  oleate  per  square  meter  in  the 
surface  film. 

The  differenee  of  conceDtration  between  the  snrf&ce  fitm  ojid  the  rest 
of  the  solvent  may  be  of  cotisidcrnblc  importtLncc  in  protoplasm.  Thus 
it  ig  suggested  that  in  the  surface  of  etmtact  of  pratoplasm  with  water, 
tipin  sabstances  witt  acctunulate  aud  thus  make  a  kind  of  intermediate 
layer  of  a  lower  surface  teosiou  and  of  a  fatly  nature.  But,  inasmuch 
as  the  whole  substratum  of  the  cell  is  of  a  fatly  or  lipin  nature,  it  is 
diiUcuIt  to  see  how  the  surface  tension  of  Ihc  junction  of  fat  and  water 
could  be  ehanged  by  the  pass&ge  of  more  tipin  into  the  film ;  and,  as  a 
matter  of  fact,  there  is  no  good  evidence  that  there  is  such  a  layer  About 
fhe  protoplasm.  It  is  probable  Ihat  often  the  protoplasm  is  not  a  liquid 
at  its  surface  at  all  but  a  gel-like  solid. 

Quite  apart  from  the  accumulation  of  soluble  subsiani'cs  In  the  sur- 
face 61m  due  to  the  general  prineiple  of  maximum  titability  just  men- 
tioned, wc  often  find  Ihat  solid  substances  will  aecuraulatc  in  the  surface. 
If  finely  divided  substance  be  placMl  in  an  emulsion  and  the  emulsion 
aftem-ards  soporates  from  Ihc  liquid,  as  an  oil  or  ether  emul»iioii  may 
separate  from  water,  the  material  in  suspension  is  carried  alonf*  with 
the  emulsion  and  thus  separated  from  the  liquid.  This  method  may 
sometimes  be  used  to  purify  solutions  from  finely  divided  preeipitalea 
which  filter  badly.  The  accumulation  of  thcsi-  wtlids  in  the  surface  is  not 
due  to  the  principle  of  Oibbs,  just  staled.  They  get  into  the  surface 
by  movements  accidenlally  carrying  Ihcm  there  by  (he  shaking  when  tJie 
emulsion  is  made.  Once  there  they  are  kept  there  by  the  surfnec  film 
which  is  like  a  solid  membrane.  They  are  supported  at  the  surface 
becaose  they  come  to  lie  actually  outside  the  water  and  between  that  and 
the  ether.  They  nrc  HUpportod  tliero  just  as  Bowers  of  sulphur  are  sup- 
ported at  the  surface  of  u'ster  and  they  are  mechanically  carried  up  by 
the  rising  oil  or  ether.  In  proloplasm  suhslanees  may  gi't  cniigbt  in  this 
same  way  at  the  surface  boundary  of  protoplasm  and  wal«;r  or  possibly 
even  between  boundaries  in  the  cell  and  thus,  perhaps,  materials  for 
tbc  making  of  shdU  or  membranes  may  he  lu-rumulatcd  (Mnc-alTura). 
But  this  process  is  sometimes  confusrd  with  that  indiratrd  by  Oibbs. 
whereas  it  is  only  remotely  related  to  it. 

There  ean  he  no  douht  that  there  is  a  certain  tension  of  the  surface 
of  the  water  whifh  trtuchea  the  protoplasm.  The  water  a1  least  is  liquid. 
But  the  same  cannot  be  said  of  the  protoplasm.  Tt  was  long  believed 
that  the  movement  of  the  amrpba  was  due  to  these  surfac*  tension  forces 
in  the  protoplasm.  The  interna!  profoplnsm  of  the  amn-ba  is  certainly 
at  times  liquid,  for  example  the  protoplasm  which  rolls  out  to  form  a 
pseudopod  ;  but  thereat  of  the  protoplasm  in  the  external  layer,  according 
to  Kite,  is  solid  and  ^l-like  and  it  can  be  eut  oS  and  cut  into  pieces. 
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It  » tlifllealt  to  see  how  surface -teiision  changes  of  the  wat^r  nhoitld  caiute 
the  movements  in  the  interior  protoplasm.  Moreover,  the  movements 
be^i,  according  to  Harrington  ami  Learning,  not  in  the  |)Kriphpi;y  but 
in  the  interior.  Jcunings,  who  has  very  aiivt'ully  studied  the  moreracntB 
of  tlie  amwba,  ooncltulas  thiit  whatever  the  chuho  of  those  moremonis  may 
bo  they  aro  certainly  not  due  to  surface  temuon.  Wben  the  pseudopod 
moved  forward  the  surface  vent  forward  too,  not  backward  as  it  should 
have  done  if  the  psoudopod  was  formed  as  the  result  of  the  lowering 
of  surface  tension  at  the  point  of  rupture.  An  examination  of  tho  move- 
ment of  the  amceba  from  tlio  side  iustead  of  from  Ilu>  top  siiows  that 
the  am«ba  ivalks  on  pseudopods  as  if  they  were  legs  and  tliat  the  motion 
is  not  surface  tension.  According  to  the  observations  of  Kite,  the  move- 
ments seem  more  probably  due  to  the  liqucfaelion  or  taking  up  of  water 
by  Iho  cell  pi-otoplasja,  this  differing  in  difTcriiig  rvgiotis  und  eaiising 
the  movements  ia  the  protoplasm.  It  is  very  doubtful,  therefore,  whether 
the  movements  of  an  amo?ba  arc  due  to  surface  tension  any  more 
than  those  of  a  fish  arc  due  to  surface  teii.tion.  It  ia  very  ditlleult  to 
apply  to  such  a  complex  organized  half-gel  and  half-sol  substance 
sucli  as  protoplasm  is.  the  conclusions  derived  from  the  study  of 
pure  liquids  in  the  simplest  conditions.  The  application  is  ext.remely 
hazardous. 

^VhcD  ouc  comes  to  consider  the  protoplasni  as  a  whole,  it  is  impos 
sihic  to  Hay  to  what  estniit  it  is  mode  up  of  Kiiiall  pliamWrs  of  capillary 
dimensions;  to  what  extent  it  has  a  sinicture  of  such  a  kind  that  capil- 
larity should  play  n  lai-ge  part,  in  it.  The  granules  and  droplets  of  proto 
plasm  ai-e  many  of  them  solid,  not  liquid,  and  they  arc  iinbeddtxt  not  i 
a  liqtud  but  in  a  more  or  less  solid  gel.  It  ia  impossible  to  say  to  what 
extent  surface  forces  are  active  in  such  a  semisolid  medium.  It  is, 
therefore,  at  least  too  early  to  speak  of  surface  tension  as  determining 
the  distribution  of  substanceR  in  the  cell,  as  has  been  done  by  some 
oliservers. 

Surface  tension  plays  an  important  physiological  role  in  lis  relation 
to  the  absorption  of  water  by  the  cell  colloids.  If  a  colloidal  or  gel-like 
substance  such  as  gelatin,  perfectly  dry,  he  put  in  contact  with  water 
it  absorbs  a  considerable  quantity  of  (he  latter.  This  absorption  is  duo 
to  tlie  chemical  affinity  of  the  water  for  the  gel  substance.  By  the  pene- 
tration of  water  into  the  gel  there  is  produced  an  enormous  surface  of 
contact  of  iJie  water  and  the  gel  particles.  Now,  if  the  gel  ba  acted  upon 
by  any  substance  which  increases  its  affinity  for  water,  which  increases 
its  power  of  union  with  iJie  water  molecules,  the  attraction  for  the  water 
is  increased  and  consequently  tlie  surface  tension  of  the  water  at  the 
surface  boundary  is  lowered  and  tho  surface  will  bo  increased.  In  other 
words,  more  water  will  be  absorbed.    On  the  other  hand,  if  we  add  to  the 
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Uquiil  any  subslauce  which  iucreases  Ihe  surface  tension  of  the  water, 
the  surface  tension  will  bo  iucrcosod  and  the  Hurfaco  of  contact  will  be 
reduced,  the  gel  will  lo&c  water.  It  is  because  of  this  fact  that  the  move- 
ment of  water  into  and  out  of  the  struv-turos  of  protoplasm  becomes  pos- 
sible. Acids,  for  example,  enormously  increase  the  attraction  of  proteins 
for  water,  consequeullj'  acids  will  k<ad  to  the  tahing  up  of  water  by  the 
protoplasm,  as  llwy  are  found  to  do.  Salts,  on  the  otlicr  hand,  may  have 
itn  opposite  action.  The  niovemetits  of  all  kinds  of  living  cells  are  prob- 
ably due  to  this  swcIUiig.  or  dehydration,  of  the  protoplasuiic  gel ;  and 
we  may,  tben.-forv.  cousider  it  briefly.  Since  tbc  protoplasuuc  gel  is  made 
of  colloids,  we  may  begin  by  a  study  of  tliesc  substance. 

Colloids. — Tlio  niicrowwpic  evaniination  of  living  mattPr  shows  that 
the  cell  is  not  alike  iit  all  it^  parts;  it  is  not  liomogenooiis,  but  It  hns  n 
definite  slmcture.  This  structure  is  due  to  the  colloids  of  the  cell. 
There  arc  numerous  coarse  granules  of  various  sizes  and  kinds ;  a  nucleus ; 
nucleolus;  and  a  clear,  more  homogeneous  matrix  in  which  very  tine 
granules  are  revealed  under  Uie  highest  powers  of  the  mit-roaeope,  and 
l>articularly  when  photographed  by  ultra-violet  light.  The  details  of 
this  structure  appear  nomewhat  different  in  dilTei-eut  culls,  but  it  has 
been  suggested  by  Biittidili,  after  long  investigation  both  of  Hxod  and 
living  protopla.siii,  llial,  including  that  part  whi(>li  appears  to  be  homo* 
geneous,  protopla-sm  has  iu  reality  a  foam-like  slructiire,  tho  compart- 
ments of  the  foiLm  iM'Ing  very  small  and  the  walls  extremely  thin.  Within 
the  cavities  of  the  foam  a  solution  is  sapposed  to  exist.  This  conception 
ifi  probably  not  strictly  accurate,  but  there  is  no  doubt  of  the  organiza- 
tion and  heterogeneity  of  the  coll  protoplasm  whatever  the  exact  nature 
of  its  finest  structure.  Tho  cell  is  au  organized  strtieturo;  it  is  not  forni- 
luGS.  If  the  stniulure  of  the  cell  is  destroyed,  if  the  nuclear  membrane 
or  cell  membranca  are  ruptured  by  mechanical  means,  as  by  cutting  or 
grinding  tliu  cell,  or  by  the  ]>ontitration  of  ice  crj-stals  in  freezing  and 
thawing,  or  by  stirring  up  the  protoplasm  tao  as  to  bring  about  a  thorough 
mixture  of  its  various  pnrta,  there  is  a  great  outburst  of  chemical  activity 
evidencod  by  the  formation  of  acid  and  the  liberation  of  carbon  dioxide, 
and  cell  life  stops.  Urganization  is,  therefore,  cesoutial  for  metabolism. 
Tho  different  substances  of  the  eoU  must  be  kept  apart,  localized  in  dif- 
feivut  regions.  If  they  are  mixed,  they  react  with  and  destroy  each 
other. 

The  cell  is  in  fact  not  a  single  room  in  which  all  the  chemical  proc- 
esses occur  in  a  higglety-pigglety  manner,  as  they  occur  in  a  beaker,  but 
it  is  rather  a  well-orgftnised  chemical  factory  with  dilTercnt  chemical 
proccsBCS  occurring  in  different  regions  and  in  which  substances  arc  being 
elaborated  as  fast  us  tlioy  rtc  rc)uire<l.  How  their  productiMi  is  regu- 
lated will  bo  discussed  fart-her  on. 
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This  divisiou  of  1al>or  viUiin  the  cell,  tlits  separation  into  dilTcrei 
eompartiuL'Ul:!  is  due  to  lliu  fuct,  tliat  pruLoplasiu  is  not  primarily  a  solu^ 
tion,  or  is  so  only  in  part,  but  it  ut  a  jdly'liko  subHtimctf  or  tvc)uiicaUy 
gel.  It  ia  a  sciuitiolid  siib.staiice  conAiHting  ol'  solid  and  water  id  iulimatn 
&dmixturc  or  uuiou.  This  gel  structuro  of  protoplasm  is  due  to  the  fae^ 
that  Che  orgauic  substaJiccs  of  which  it  is  iu  part  coiupoticd  have  vor«| 
large  moleeulos,  bo  lliat  thtay  have  little  euorgy  of  trau»latiou,  but  cohcf^ 
together.  Suc-li  sululauces  are  known  as  culloids,  and  it  is  iu  virtue  ofi 
the  colloidal  nature  of  the  products  elaborated  from  the  foods  by  thaj' 
cell's  clicinical  prociisscs  that  life  is  postible.  i 

Thu  (xillotdal  tiubsluJicus  ui  protoplosm  contributing  to  its  slniBtuctt 
ore  tho  proteins,  carbohydrates  and  Hpins.  Those  togotlior  form  tlic  vitai,* 
organized  substratum  of  tho  colt,  containing  in  its  intorsUccs  the  wat«B 
and  substances  of  simpio  molecular  kind,  Iho  esti-activos,  salts  and  variqi 
ous  other  organic  bodii-e  iu  li-ue  solutiou.  As  tho  whole  orgauizatiou  off 
1ho  cell  depends  on  tJie  colloids  and  vital  autivity  is  so  dependent  upoi^ 
their  affinity  for  the  water  or  solution  present,  an  alliuity  which  is  easil, 
modified  by  salts,  metabolic  products,  acids,  ani^tlietics  and  other  dru 
aud  by  digf^tive  enxynics,  an  examination  of  the  gcn<-rnl  properties 
colloids  and  the  vutloidal  stiit«  and  particularly  of  c-olloidal  proteins 
nooeesary  for  the  understanding  of  vital  proc-csscs. 

Properties  of  colloids.  Ail  substances  iu  solution  wore  divided,  irn 
two  groat  groups  about  tlia  middlo  of  the  uiuetoouth  ceutur>-  by  the  Kug< 
Usli  physicist,  Orahain;  into  substances  wliieh  ivoutd  diffuse  tlirou, 
parchment  paper  or  oUier  memhraucs  wet  by  water,  substauccs  general], 
uystalline  in  nature,  wliidi  he  named  cryKtalloids;  and  iuto  substam 
which  would  not  diffuse  through  parclimcnt  or  other  similar  mcmbran< 
substances  whicli  he  colled  colloid  (Gr.  kolla,  glue;  eidoa,  appfiarance). 
or  gluc-libo  bodies,  because  they  behaved  like  glue  in  this  respect.  Amou^ 
the  colloidal,  or  glue-lihe  bodies,  wore  albumins,  gum  arable,  gluo  itselfJ 
starch  and  many  other  animal  aud  plant  substances.  Besides  the  propJ 
erty  of  not  diffusing  through  paper,  these  colloids  had  several  proportie* 
in  common.  Moat  of  them,  but  not  all,  were  amorphous,  non-crystallinei 
bodies;  they  formed  viscous  solutious  whidi  when  sufBcicutly  uoucen<j 
trate<l  would  set,  or  gel.  Wlieu  in  aqueous  solution,  Graham  called  thct^ 
kydrosots;  when  gelled,  hydrogela. 

It  is  now  koo^^Ti  that  many  colloidal  bodies  may  bo  crystalline.  F 
example,  the  chromoprotoins  hemoglobin,  phycocrythrlu  aud  phycoeyaiu 
ore  all  readily  crystallized ;  and  many  other  colloidal  proteins  such  ai 
edestin,  cxeelsin,  scrum  albumin  and  ovalbumin  may  bo  obtained  ery* 
lalliue;  but  uevcrtlieless  it  is  true  tbat  iu  most  cases  special  couditioni 
are  neccasary  for  the  erystaltirjition  of  coUoida,  and  when  crystoUiiu 
the  ciystals  arc  small  and  of  microscopic  dimensions ;  and  many  coUoidi 
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huvu  never  beun  crystullizod.  A  grcut  inuny  iiryHlaUoids,  also,  evon 
liubstiiimcs  Itku  cmiimmi  SJilt,  may  Uu  oblaint-d  in  a  coUuiUul  Form. 

It  i£  iu  Wrtiio  of  thcso  tlircc  prapcrtics— non-(U(fiisibility,  of  forming 
viscous  soUitious  aud  rt'&l  gel& — that  the  cotloidi:  are  able  to  act  as  true 
org&Di£«rti  of  I  he  ccl]'s  activity. 

Colloids  may  1)g  arbitrarily  dofiutid  an  HubKtanoed  of  which  Uic  par- 
livles  ia  solution  liave  a  diameter  raugiug  fi-om  l-lOO  />/*.  One  /t  h  th« 
ODO  tiiouiukndtti  part  of  a  millimeter.  Tlu-y  grade  into  the  difTiisibk  crys- 
talloids on  the  one  hand,  and  suspetisions  on  the  other.  An  idcu  of  the 
sirjo  of  a  colloidal  partielo  may  be  obtained  from  tlic  faet  that  a  molociilc 
of  ether  has  a  diameter  of  about  3XH>~'  cms.  or  about  .000,000,3  mm. 
One  fii*  is  .000,001  mm.  The  shortest  visible  waves  of  violet  light  have 
a  wave  length  of  about  400  ;i;j. 

Large  ^iwUcMlar  si2e  of  colloidal  particles.  That  tliQ  molecular  size 
of  eolloidsl  pailiclen  is  large  h  shown  not  only  by  their  uou-dilFuKibility, 
but  also  by  the  fact  that  Ihny  may  at  timui  be  Neon  in  tlie  ultra  micro- 
Jlcopc;  tliBt  Uicy  rentier  liglit  ami  the  light  so  reflected  from  Uieir  surfaces 
is  polarijted  (Tyndall  plienomrnon) ;  and  by  the  fact  tliat  tbcy  nmy  be 
ceotrifugoUzcd  out  of  solution. 

The  size  of  colloidal  particles  cannot  be  directly  determined  by  raiero- 
ipic  measurement  berausu  of  the  dilTraetion  halos  whieh  surround  tliom 
and  indeed  which  make  them  visible.  The  particles  tlieuiselves  eaunot  be 
seen.  The  diameter  of  a  molecule  of  sodium  olealo  can  be  t^alculated 
a])proximately  by  measuring  the  thluuettt  spots  of  the  lilms  of  solutions 
of  sodium  olcatc.  These  arc  found  to  be  about  6X10  "^  cms.  in  thickncsa. 
Since  tlie  thiimest  films  arc  at  least  tlircc  times  the  diameter  of  a  molc- 
eolc,  a  molecule  or  particle  of  sodium  olcate  cmmot  have  a  diamoter 
greater  than  2X10~"'  cms.  or  2X10^''  mms.  The  smallest  partielcs  which 
aiv  visible  in  tlie  ultra  microscope  aro  said  to  bo  about  5  /</ior  5X10"^ 
imns.  The  ultra  microscope  eaji  show  particles,  therefore,  which  have  a 
diameter  little  larger  than  three  molecules  of  sodium  oleate.  Linear 
diineusions'fouud  for  some  colloidal  particles  are 


Gold  «-130  /i/i 
Sllrer  50-77  " 
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B  In  the  ultra  microscope  light  enters  the  solution  from  tho  side  instead 
H  of  from  beneath  as  in  tho  ordinary-  microscope.  The  light  strikes  the 
colloidal  particle  and  is  rellccled  upward  to  the  eye.  One  sees  the  col- 
loidal jiarticles,  when  they  are  sufficiently  large,  as  bright  specks  on  a 
dark  field.  These  briglit  points  ore  usually  in  active  Brownian  move- 
ment. The  smallest  particles  cannot  be  seen  in  this  way.  For  example, 
the  particles  of  casein  in  solution  are  colloidal,  but  they  do  not  appear  in 
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the  ultra  microscope.   When  a  casein  solution  clots,  however,  the  p»r 
become  visible  and  may  be  seen  to  grow. 

When  it  is  remembered  that  some  forms  of  living  matter  enst, 


Via.  20. — I-nnlern  anii  mlcroscoi^  arranged  tor  ultra -microscopic  observation.    C» 
coDdeoser  on  the  microscope. 

microscopic  germs  of  disease,  which  are  filterable  through  a  pore 
filter,  but  scarcely  visible  in  the  ultra  microscope,  it  is  probable  that 
dimensions  can  hardly  be  larger  than  a  very  few  molecules  of  a  pr 


Fid.  21. — Cerdlold  condenser  fur  ulna-mlcroitcoplc  vision.     The  rafi  of  llilit  Ulit 
tbe  liquid  on  tbe  glMa  slide  from  tlie  side. 


colloid.    Their  organization  must,  hence,  be  extremely  simple  anc 
hardly  be  other  than  that  of  a  chemical  substance. 

Colloidal  substances  readily  separate  from  crystalloids  if  brought 
parchment   paper   immersed   in   the   solvent.     The   crystalloids 
through ;  the  colloids  remain  behind.    This  process  of  separation  is  c 
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yju  (dUf  through ;  lysis,  to  loosen) .    Colloidal  solutions  may  be  purl- 
in this  manner. 

the  Tyndall  phenomenon.  Moat  colloidal  particles  are  sufficiently 
e  to  show  the  Tyndall  phenomenon.  By  this  is  meant  that  colloidal  solu- 
B  have  the  property  of  scattering  a  beam  of  light  passing  through  the 
tion,  so  that  the  path  of  the  light  rays  in  the  solution  becomes  visible, 
as  in  passing  through  a  dusty  atmosphere.  This  is  known  as  the 
idall  phenomenon,  since  Tyndall  used  this  method  to  determine  when 
dost  particles  had  subsided  out  of  the  air  in  his  famous  experiments 
artificial  bit^nesis.  The  light  which  is  thus  scattered  from  the 
deles,  or  reflected  from  their  surfaces,  is  found  to  be  elliptically 
Liized  like  other  reflected  light.  Since  the  blue  rays  are  the  more 
ty  reflected,  colloidal  solutions  often  show  a  blue  opfdescence. 
Stupensoids  and  emulsoids.  For  convenience,  but  not  because  there 
□y  sharp  line  of  demarcation  between  them,  for  on  the  contrary  they 
le  one  into  the  other,  colloids  are  divided  into  two  classes :  into  sus- 
Boids  and  emulsoids.  The  colloidal  solutions  of  metals  are  typical 
>ensoids.  They  are  easily  precipitated  from  their  solutions  by  the 
on  of  salts;  they  do  not  gel;  and  they  form  generally  rather  dilute 
table  sols ;  the  emulsoids,  on  the  other  hand,  of  which  protein  colloids, 
■cb,  gum  arable  and  gelatine  are  types,  have  the  property  of  forming 
isolid  or  solid  gels.  That  is,  solid  systems  containing  a  great  deal  of 
er.  Most  of  the  emulsoids,  however,  will  flock  and  not  gel  if  the 
itious  be  sufficiently  dilute,  so  that  the  distinction  is  not  a  funda- 
ital  one.    The  colloids  in  protoplasm  are  emulsoid  colloids. 

SaapeiuoidH  Emuleolils 

Cullodial  metala  Gum  arable 

Kaolin  Proteins  ■ 

Antiinon;  sulphide  Starch 

Cadmium  sulphide  Gelatin 

Araenious  sulphide  Silicic  acid 

Soap 

A  gar- agar 

Nucleic  acid 

Colloidal  particles  are  elecirically  charged.  A  fundamental  fact  about 
lueous  colloidal  solutions  is  that  the  particles  bear  electrical  charges, 
e  charge  of  opposite  sign  being  in  the  water  contiguous  to  the  colloid. 
Itat  the  colloids  are  electrically  cliarged  may  be  shown  by  placing  elec- 
odes  connected  with  a  battery  in  a  colloidal  solution.  The  colloidal 
irtides  move  with  or  against  the  current.  Since  only  electrically  charged 
Uticles  are  thus  transported,  the  colloidal  particles  must  be  charged. 
Im  various  colloids  may  be  divided  into  those  which  move  to  the  anode, 
id  are,  hence,  electro-negative ;  and  those  which  move  to  the  cathode, 
id  are,  accordingly,  electro-positive. 
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KlMt«>.M£»ll«  BIwtro-poiitlvB 

Anenioua  Bulphide.  Ferric  hydrate 

Antimony  eulphide.  Baaio  proteinB,  hiatonea  and  proUnunei. 

OqI^  Proteins  in  acid  Bolution. 

PUtinnm.  Oxyhemoglobin. 

Copper  and  other  metala. 

Most    natural    proteins   in    neutral   or 

Bli^tly  alkaline  solution. 
Lecithin  and  phosphatides. 
Oum  arabio. 
Glycogen  and  starch. 
Nucleic  acid. 
Soaps. 

How  many  charges  there  are  on  a  single  colloidal  particle  haa  not  been 
determined,  so  far  as  I  know.  Some  writers  speak  as  if  there  were  a 
complete  electric  double  layer  all  about  the  particle.  There  is  probably  but 


Pio.  22. — Apparatus  (or  tbe  study  of  cstaphoresls  of  colloids.  Non-polarfialile  elec- 
trodes are  In  tbe  top  compartments.  Tbe  colloidal  eoiutloo  is  brought  Into  the  U  tabs 
below  the  gelaUue  plags.  In  the  Ogjire  It  may  be  seen  that  the  colloid  Is  accuinuIatinK 
below  tbe  plog  on  tbe  anode  aids  and  Is  leaving  tbe  cathode  cbamber.  Tbs  colloid  la 
tiectro-ueKStlTe. 

a  single  charge  on  some  soap  colloids,  but  the  number  undoubtedly  is 
much  greater  in  others. 

Origin  of  the  electrical  charges.  The  origin  of  these  electrical  chai^^es, 
of  the  existence  of  which  there  can  be  no  doubt,  was  at  first  ohscore. 
It  was  originally  suggested  that  tbe  particles  owed  their  charges  to  the 
faster  speed  of  migration  of  the  hydrogen  or  hydroxyl  ions  of  water,  the 
ion  which  was  going  faster  would  presumably  strike  the  colloid  first  (see 
p.  153)  and  in  this  way  give  it  a  positive  charge  in  acid  solutions,  where 
hydrogen  ions  predominate,  and  a  negative  in  alkaline,  where  the 
hydroxy!  ions  are  predominant.    It  is,  however,  generally  recognized  that 
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tbis  explauaiioD  is  iocorroct;  and  Uicrc  can  be  litUo  or  no  doubt  that 
tliey  acquire  their  charges  liito  any  other  ions  by  the  procesa  ot  ionic 
dinociation.  The  colloidal  particle  sends  into  tlie  water  one  ion,  metal 
or  metalloid,  and  it  retains  the  opposite  charge.  This  process  may  be 
illustrated  by  glass.  Glass  in  contact  with  water  becomes  electrically 
negative  and  the  water  positive,  the  reason  being  that  glass,  which  is  a 
silicate,  sends  potassium  or  sodium  ions  into  the  water,  thus  making 
the  glasB  electro-negative,  and  the  water,  containing  the  ion,  positive.  It 
is  quite  possible  to  substitute  the  sodium  ionized  from  the  glass  by 
another  metal.  If,  for  example,  a  glass  bottle  contains  a  solution  of 
copper  sulphate  it  will  be  found,  if  the  sulphate  is  poured  out,  that  some 
sodium  from  the  glass  has  gone  into  the  copper  sulphate  solution  and 
some  of  the  copper  remains  attaclied  to  the  glass  so  firmly  tliat  it  is  rery 
difficult  to  remove  it  with  water.  It  is  necessary  to  treat  the  glass  bottle 
with  acid  in  order  to  free  it  from  copper.  A  copper  silicate  has  been 
formed  in  place  of  the  sodium  silicate  on  the  surface  of  the  glass.  It 
ia  for  this  reason  that  in  trying  pliysiological  experiments  gloss  utensils, 
which  have  had  mercury  or  copper  salt  solutions  in  them,  must  be  washed 
with  the  greatest  care. 

If,  instead  of  using  the  glass  as  a  bottle,  lluely  pulverized  glass,  or 
glass  wool,  ia  placed  in  a  copper  sulphate  solution,  the  surface  of  contact 
is  80  much  larger  Ibau  m  the  c-a.so  of  the  bottle  that  the  power  of  com- 
bining with  the  metal  is  greatly  increased,  so  that  the  effect  of  the  glass 


iwinttv«  cluirKO*  on  ilia  niaaa  anil  Uu-  waivi 
nudi!  elcctn-poatUve  bj  (be  •odlnm  Ions  In 
It. 


Fdi,  2i. — Stiowtng  ii<fi/  copper  Iti  a 
L'opiii-i  NUlpliBtt)  loluilon  rcplaets  ibo  codlum 
or  Die  glut  And  la  alnorlji-il  bf  tlic  tnakor 
irall. 
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in  modifying  the  concentration  of  the  copper  in  ihc  solution  becomes 
plainly  noticoable.  Thus  quite  large  quantities  of  copper  may  be  sopa^ 
rated  on  the  glass  and  rotnovod  from  the  solution.  A  very  interesting 
experiment  was  U-ied  by  True  and  Ogilvio  illustrating  this  combining 
power  of  glass.  They  placed  sprouted  pea  seedliugs  in  copper  sulphate 
solution  just  coucontraled  enough  to  be  loxic  to  the  seedliugs,  as  shown 
by  the  wilting  of  the  rootlet.    If  now  some  powdered  glass  or  glass  wool, 
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or  even  filter  paper,  was  placed  in  the  bottom  of  tho  tube  containing  the 
copper  and  the  seedlings,  so  much  copper  was  taken  out  of  the  solution 
by  the  filter  paper  or  glass  that  it  was  no  longer  toxic  and  the  seedlings 
grew. 

It  is  easy  in  imagination  to  carry  the  process  of  subdivision  of  the 
glass  further,  until,  instead  of  the  pulverized  glass,  a  colloidal  silicate 
is  obtained,  the  particles  becoming  so  small  that  their  surface  compared 


^ 
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Fiis.  i;?. — t'olloldu]  Hodlum  silicate  Fia.  20.— To  Illustrate  the  pOBstble  wajr 
BhowlDj;  tbe  slIlcQti!  particles  electro-ucga-  In  ivbtch  cotton  flbera  become  electro-nega- 
tive with  tlie  positive  sodium  Iodb  In  tb«  tlve  Id  water  by  Bcndlug  some  hydrogen 
water  close  by.  Ions  Into  the  water. 

to  their  bulk  is  so  large  that  the  particles  remain  suspended  in  the  water. 
As  the  number  of  particles  of  silicate  in  the  surface  increases  by  sub- 
division, the  number  of  bonds  between  the  water  and  the  silicate  increases 
also.  The  action  of  the  glass  in  detoxicating  tho  copper  solution  thus 
appcai-s  to  increase  proportional  to  the  surface  of  separation  of  water 
and  glass  and  processes  of  this  kind  are  often  referred  to  as  surface 
phenomena,  and  treated  as  if  they  differed  in  kind  from  otlier  chemical 
reactions.  There  is,  however,  no  difference  in  principle  between  the 
condition  of  the  soluble  glass  as  a  colloidal  silicate  in  solution  in  the 
water  and  tlie  solid  glass  bottle  containing  the  water  in  it.  In  each  case 
the  glass  is  charged  by  the  process  of  ionization ;  and  the  union  of  metal 
and  glass  is  a  true  chemical  union.  But  it  will  be  seen  that  if  the  glass 
should  be  filtered  off  and  analyzed  the  proportion  of  copper  and  glass 
would  not  be  found  fixed,  as  in  ordinary  chemical  compounds,  but  vary- 
ing in  every  degree  with  the  size  of  the  surface  of  the  glass. 

Let  us  suppose,  now,  that  instead  of  the  glass  being  a  solid,  so  that 
it  retains  its  shape  and  the  water  is  forced  by  its  affinity  for  the  glass 
to  spread  itself  over  the  surface,  the  glass  molecules  were  freer  to  move, 
Buppt^e  the  glass  were  a  liquid.  It  is  clear  that  if  the  attraction  between 
the  water  and  glass  were  sufficiently  great,  the  surface  energy  would  be 
most  reduced  by  the  most  complete  and  extensive  contact  possible  between 
the  water  and  the  glass.  Hence  the  potential  energy  of  the  system  would 
be  least  when  the  surface  of  contact  was  most  extensive.  Tlie  system 
would  proceed  as  far  as  possible  in  the  direction  of  reducing  iia  surface 
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aei^  and  the  glass  would,  acfonliii^ly,  diiisolvc  in  Uif>  water  And  Ihe 
water  in  the  gloss.  Ordinarily  in  a  (.■olloidnl  sohitJon  the  division 
of  the  colloid  proceeds  lo  that  point  at  whitih  the  surface  energy  is  a 
mini  mum. 

Other  colloidal  solntions  obtain  their  charges  in  the  same  way  as  the 
glass.  Tliiis  colloidal  silicic  arid  sends  a  hydrogen  ion  into  the  water. 
It  is  probable  that  all  carbohydrate  materials  of  an  insolable  n&torc  or 
of  a  nature  to  form  colloidal  solutions  do  the  Bame.  Figure  26.  The 
carbohydrates  are  very  weak  aeids.  as  discussed  in  Chapter  IT.    Tn  some 
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casps,  however,  there  may  be  metal  ions  present  in  pla(?e  of  tlie  hydro- 
gen, as  in  glim  arabic.  Filler  paper  or  <relliilaie  or  glycogen,  like  gineose 
and  pane  sugar,  probably  send  hydrogen  ions  into  the  water,  the  insol* 
able  residue  taking  the  negative  sign.  Filter  paper  will  thns  combine 
with  and  hold  positive  colloids  filtered  through  it.  Onm  anibin  is 
electro-negntiTe.  The  positive  ion  in  this  case  may  be  calcium,  since 
this  is  always  present  in  gum  arable.  The  colloidal  metals  are  all 
electronegative.  This  is  due  to  the  fact  that  all  the  metals,  in  the  pre$- 
eneo  of  pure  water,  send  .some  positive  ions  of  the  metal,  the  number 
varying  with  the  solution  tension  of  Ihe  metal,  into  the  solntion,  and 
accordingly  the  colloidal  mtital  particle  is  electro-negative.  Since  tlie 
water  is  electro-positive,  due  to  the  presence  in  it  of  the  positive  metal 
ion,  there  is,  along  the  surface  of  a  plate  of  metal  in  water,  an  electric 
double  layer.  The  colloidal  solution  of  ferric  hydrate  is  made  by  shak- 
ing ferric  hydrate  in  ferric  cliloricie  and  then  dialysing  out  the  ferric 
chloride.  The  hydrate  is  electro-positive  because  by  the  aflSnily  of  the 
iron  of  the  hydrate  for  the  iron  of  the  ferric  chloride,  the  ferric  hydrate 
is  held  in  solution.  The  ferric  hydrate  has  thus  the  charge  of  tho 
positive  ferric  ion  and  tho  negative  ion  in  this  ease  ig  chlorine,  some 
of    which    always    remains    in    the    colloidal    solution.      A    similar 
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I.    relOH>^  +  P«CI,=Ve.tF«(OH^)]„+JCl 
Colloidal  ferrlo 
hydratoL 

Colloidal  arscniotw 
sulphide 

plienomenon  occurs  in  Uic  cbhr  of  arsenioiis  sulpliitle  sol.  In  tliU  cnae 
the  solution  u  prepared  by  passing  H^S  into  arsenious  acid.  The 
arscnious  milphide  does  not  precipitate,  bat  remains  as  a  yellowish 
red  solution.  If  this  solution  h  dialyzed  a  loit^  time,  to  get  rid  o£ 
the  sulphuroled  hydrogen,  and  is  then  evaporated  and  analyzed,  tt 
is  found  that  there  ia  always  more  sulphur  than  is  sufficient  to  form 
the  sulphide  oC  arsenic.  It  is  clear,  then,  that  the  arseiiious  sulphide,  as 
it  forms,  unites  with  the  hydrojfen  sulphide,  prohably  by  the  affinity  of 
the  sulphur  of  the  two  sulphides  for  each  other.  The  hydn^en  sulphide 
ionixcs,  separating  hydrogen  as  a  positive  ion  and  sulphur  as  a  negative, 
so  that  the  arsenious  sulphide  thus  is  united  with  the  anion  and  is  accord- 
ingly electro-negative.  Cadmium  sulphide  and  antimony  sulphide  be- 
have in  the  same  way,  so  that  all  of  these  colloids  are  electro -negative. 
In  addition  cadmium  sulphide  shows  n  very  interesting  phenomenon, 
which  recalls  some  of  the  specific  reactions  of  the  preeipitins;  the  cad- 
mium  sulphide  sol  is  extremely  sensitive  to  radmium  salts  and  is  pre- 
cipitated by  very  small  amounts  of  these  salts, — by  a  dilution  of  1 :250,000 
CdSO.,  as  compared  with  1 :20.000  of  MnSO^. 

Perhaps  one  of  the  most  interesting  and  instructive  cases  of  a  col- 
loidal solution  is  that  of  soap  in  water.  In  alcohol  a  soap  solution  is 
quite  normal,  the  molecules  being  monomolectilur  and  not  colloidal;  but 
iu  water  there  is  a  true  eolloidal  Rolution.  The  explanation  of  this  throws 
light  on  many  puzzling  colloidal  phenomena.  In  water  soap  is  hydro- 
lyzcd:  that  is,  NOme  of  the  soap  motecule-s  react  with  the  water  to  form 
sodiuno  hydrate  and  tiie  free  fatty  acid,  the  fatty  acids  being  very  weak 
acids. 

Stearic  add  ia  not  by  itaelf  soluble  in  water,  but  just  as  atoms  uDit« 
readily  in  a  physical  or  cheroical  union  with  other  atoms  of  the  same 
bind,  so  stearic  acid  unites  with  the  stearic  ion  of  that  portion  of 
the  aoap  which  has  not  been  hydrolyzed.  Every  Rodium  atom  has,  there- 
fore, attached  t-O  it  one  stearate  inn,  but  united  with  this  Ktoarate  ton, 
in  either  a  physical  or  a  loose  chemical  union,  are  two  or  thrue  molecules 
of  stearic  acid.  If  now  the  soap  is  snltcd  out  of  the  aolutinn,  Uiis  mixture 
of  sodium  stearate  and  stearic  a^id  separates  in  the  form  of  soap.  The 
soap  thus  forms  an  electro-negative  colloidal  particle  consisting  of  Bcveral 
molecules  of  palmitic,  or  stearic,  acid,  and  this  is  held  in  solution  because 
of  the  great  attraction  of  the  sodium  ion  for  water.    The  alcoholic  sosp 
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soIuttoD  is  DOrmal,  and  not  colloidal,  for  the  reason  that  hydrolysis  does 
not  occur  iu  the  alcohol  mid  the  stearic  acid,  if  formed,  has  so  much 
greater  an  affinity  for  nlrohol  than  for  water  that  it  does  not  form 
iDolecotar  complexes.  The  Heansing  power  of  soap  depends  upon  this  satni! 
principle  of  alHnity  between  the  palmitic  or  stearic  acid  colloidal  partielc 
and  the  fatly  anids  of  the  neutral  fats.  Whon  soap  is  pot  on  the  dEin, 
the  fats  of  the  skin,  like  the  palmitic  acid  of  the  soap,  adb«r«  to  the  latter, 
and  the  whole  is  stLspcuded  in  water  because  of  the  sttrnction  of  the 
sodium  for  the  water  and  the  elwtro  static  affinity  between  the  sodium 
and  the  paluiitate  or  stearate  ion.  Very  large,  loose  physico-chemical 
aggregates  may  be  built  up  in  Ibis  way.  Thus  vaseline,  a  hydrocarbon, 
does  not  readily  combine  with  .soup,  but  it  does  have  an  affinity  for  oil 
and  oil  for  soap.  Thus  by  rubbing  vaseline  with  oil  it  is  easily  removed 
by  soap,  Iho  oil  acting  ns  an  intermediate  body.  Probably  such  unions 
as  these  contribute  to  tho  formation  of  protoplasm ;  the  union  between  fat, 
phospholipin  and  cholesterol  may  be  of  this  nature. 

These  examples  will  fiu(no(>  to  show  how  colloidal  particles  get  the 
electrical  charges  ihey  have  in  solution  and  that  they  are  produced  by 
processes  of  ionization. 

Precijiitaiion  of  colloids  hij  salts.  Many  colltuda,  particularly  the 
SQSpeQsoids,  are  very  easily  precipitated  from  their  solutions  by  salts 
of  any  kind;  but  all  colloids  a?grc(>atc  into  lar^r  or  smaller  particles, 
or  change  their  surface  of  contact  with  water  when  they  are  in  tho  gel 
state,  under  tlie  action  of  salts.  This  is  one  of  the  fundnmcntal  changes 
which  salts  can  produce  in  living  matter,  and  since  there  is  good  reason 
for  thinking  that  the  mechanics  of  living  matter  involves  this  process, 
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perhaps  niord  than  any  oUier,  a  careful  study  of  it  has  been  made.  The 
change  in  state  oE  Rolloids  by  salts  is  of  great  practicnl  importance  not 
only  in  the  industries,  in  dyeing,  in  tlie  treatment  of  sewage,  in  mining, 
in  chemical  tnchnoloRy.  ^tc,  but  also  in  therapeutics  and  physiology. 

The  addition  of  varioua  neatral  salts  to  the  solutions  oC  colloids  gen- 
erally causes  their  precipitation.  But  some  colloids  are  dissolved  by 
small  amounts  of  salts.  The  amount  of  tlie  salt  necessary  to  precipitate 
varies  with  the  salt  and  tlte  colloid,  but  toward  all  colloids  the  salts 
arrange  themselves  in  about  the  same  order  of  precipitating  efficiency. 
The  following  examples,  most  of  which  are  taken  from  the  work  of  Lindcr 
and  Pirton,  who,  while  not  the  first  to  investigate  these  phenomena,  put 
their  results  in  a  very  convenient  form,  show  the  minimum  amount  of 
salt  necessary  to  bring  about  a  precipitation  of  the  colloid  in  a  glveo 
time. 

Precipitation  power  at  rarloiia  ftnlt«  on  aTaenloiu  sulphide  m1  (LIndcr  and 
Picbvn)  A1C1  iwitif;  taken  as  unity.  11ie  figiitva  reproient  the  ^>1nli^n^  iyinc«ntnili<in 
of  other  mIU  ti«c«Mftrjr  to  pr^ipitote.  Th«  limiting  conceiitrAtion  for  precipittUon 
by  AlCI   in  ftb«ut  .0001  motceular. 
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Pr«ipit«tion  of  an  eI«tro-po*itiTO  colloid.  Albumin  from  Hcwi  eioelsa  in  0.1 
per  crnt^  HCl  (Po»trrn«k).  TIjp  (Jgnrca  Indinite  tht  molecular  coiiooutratior  of  tie 
n*nk»«t  prMfpftatJng  aolutlona. 
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Jt  mil  be  seen  from  ilic  examples  cited  that  salts  contAittin^  monova- 
lent metals  (entiona)  require  stronger  aolutious  to  pi"ccipitatc  electro- 
ncgativo  colloids  than  soils  containiiig  bivalent  metals ;  and  these  in  turn 
roquirc  stroDgi?r  solutions  than  ealls  of  trtvalont  metals.  The  v&leui:?Q  of 
the  ion  of  tiie  opposite  eharga  to  the  eoUoid  appears  to  dotermiiic,  or  to 
be  a  powerful  factor  in,  the  precipitation  of  a  colloid.  It  will  be  seen 
that  apparently,  at  any  ratf,  vak-nrc  is  of  more  iniportanco  tlian  the 
elieuitcal  nature  of  the  iou.  Furthermore,  Uiu  valcnnc  of  the  stilt  iou 
which  ia  of  the  aamc  sign  as  the  coUoi<l.  tlie  anion  in  the  case  of  cloctro- 
ncgatJTc  colloids,  appears  to  exert  no  influence  on  the  precipitation.  For 
example,  while  calcium  ehloride  is  much  more  powerful  as  a  precipitating 
salt  than  the  chloride  of  sodium,  sodium  chloride  and  sodium  sulphate 
have  about  the  same  precipitating  power.  These  facts  have  boon  found 
to  be  very  general.  Toward  electro-positive  colloids  the  vateuce  of  the 
anion  is  important. 

It  is  nw-cssary  to  examine  the  character  of  (he  precipilale  fonne<l 
if  an  inaigtit  in  desired  into  tlio  mechanism  of  prc<;ipitation  by  salts. 
Docs  the  salt  go  down  with  the  colloid  or  notf  It  liaa  been  found  in 
all  eases  which  are  thus  exaroinod  that  the  ion  of  the  opposite  ehar^ 
to  tho  colloid,  that  is  tlic  precipitating  iou,  always  is  found  in  tlie 
precipitate.  Thus,  when  antimony  sulphide  is  precipitated  by  sodium 
chloride,  there  is  always  Kodiiim  in  tlie  precipitate ;  if  by  potassium 
chloride,  there  Is  potiussium  in  the  precipitate,  and  ho  on.  If  a.  protein 
is  salted  out  of  solution  by  a  sulphate,  sulphuric  acid  is  always  found 
attached  to  the  protein  after  dialysis  of  thfi  sail.  These  general 
pbenomcna  have  been  formulated  in  the  following  niles: 

1.  The  precipitating  flguiii  ia  always  the  ion  of  tho  opposite  sign  to 
that  of  the  colloid.  That  is,  if  the  colloid  is  negative,  the  prGcipitating 
ion  is  always  the  cation;  if  positive,  the  anion. 

2.  The  prceipitating  power  of  the  precipitating  ion  is  a  function  of 
its  valence.  Bivalent  ions  arc  much  more  powerful  than  monovalent; 
polyvalent  more  powerful  than  bivalent. 

8.  Some  of  the  precipitating  ion  is  always  precipitated  with  the 
colloid. 

4.  The  valence  of  the  ion  of  the  same  sign  as  the  colloid  is  of  no 
importance  in  the  prec'ipitatlon. 

5.  The  ion  of  the  same  »\gn  appears  to  exert  an  inflnence  antag- 
onistic to  the  preoipitHtlng  action  of  tlic  ion  of  opposite  sign. 

How  does  Ihe  valence  of  the  ion  actf  The  fact  that  the  precipitation 
is  a  function  of  the  number  of  valences  is  of  great  signifirnnce,  bccnuBfi 
the  valences  are  probably  electrical  in  nature.  Tho  electrical  stJite  of 
the  ion  tbiu  appears  to  be  of  more  importance  than  its  chemical  nature. 
Attempts  have  been  made  to  explain  how  the  valence  might  set.    There 
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have  been  two  explanations  given  of  tbe  way  in  which  an  increase  oE 
valence  might  increase  the  precipitating  action  of  a  salt.  The  first  is 
tfaat  of  Whetliam  and  Hardy.  Since  it  is  the  valence,  or  the  number  of 
electrical  charg>?s  on  the  ion,  which  is  of  important  in  precipitating, 
Hardy  suggested,  and  Whetham  computed,  that  there  was  a  far  greater 
chance  of  two  charges  arriving  simultaneously  in  the  neighborhood  of  a 
coUoid  particle  wheu  botli  charges  were  on  the  same  ion,  than  when  they 
were  on  separate  uniA-aleut  ions.  For  a  trivalenl  ion  the  chances  were 
▼ery  much  better  that  the  throe  charges  should  arrive  simultaneously 
if  all  were  on  one  ion,  than  if  each  were  on  a  separate  ion.  Their  idea 
was  far  removed  from  that  of  a  chemical  union  between  the  ion  end  tbe 
coUoid.  Hardy  supposed  that  the  oloctrieal  double  layer  about  the  col- 
loidal particle  was  destroyed  by  the  approach  of  the  precipitating  ion, 
and  the  solution  was  in  this  way  made  unstable.  This  interpretation 
was  rendered  vcr>'  unlikely  when  it  was  found  that  the  precipitating  ion 
went  down  with  the  colloid  in  union  with  it.  PiirthtTinore,  the  autJior 
baa  shois-Q  thai  tlio  iou  of  the  same  sign  as  the  colloid  exerts  a  disaolviug 
action,  making  the  colloidal  solution  more  stable,  bnt  valence  plays  no 
part  in  its  action.  Coniparo,  for  example,  the  sodium  and  potnssium 
salts  in  Fosternak's  work.  It  alwaj's  takes  a  higher  conccntratiou  of  a 
potassium  salt  to  precipitate  than  of  a  sodium  salt  of  the  same  acid. 
If  it  were  simply  a  question  of  the  opposite  action  of  electrical  charges, 
tlic  same  reasoning  should  hold  for  the  ions  of  tlie  same  sign ;  and  the 
efficiency  of  a  polyvalent  iou  of  (ho  same  sign  in  holding  a  colloid  in 
solution  should  also  be  greater  commcusurately  than  that  of  a  monovalent 
ion.  Since  valence  is  of  importance  in  one  cose,  that  in  which  the  ion 
unites  with  the  colloid,  but  is  without  importsnec  for  the  ion  which  docs 
not  unite  with  the  colloid,  the  writer  has  suggested  that  bivalent  and 
trivalent  ions  are  more  effective  in  precipitating  because  they  unite  two 
or  three  or  more  colloidal  aggregates  into  very  large  aggregates  of  the 
following  kind:  Ca-colIoid-Ca-coUoid-Ca-eoUoid-CacoUoid.  The  aggre- 
galca  arc  nearly  always  ohviously  larger  when  the  precipitation  is  by 
a  polyvalent  ion.  Since  ions  of  the  same  sign  do  not  unite  with  the 
colloid,  the  number  of  charges  they  bear  is  of  no  effect. 

How  does  the  ion  of  opposite  sign  precipitaieT  This  is  a  very  fun- 
damental question  and  one  to  which  no  dcfloito  answer  can  as  yet  be 
given.  It  is  essentially  the  question  of  solubility.  It  is  not  known  why 
sodium  sulphate  is  soluble  and  barium  sulphate  insoluble.  There  is  a 
surfaco  of  contact  between  tho  colloidal  particle  and  the  water  or  salt 
solution.  The  actioD  of  the  salt  on  the  surface  tension  of  the  water  may, 
tlicrcforo,  be  considoivd  first.  All  of  these  salts  raise  the  surface  tension, 
of  the  water,  as  may  be  seen  in  the  flgures  cited  on  page  208. 

Any  agent  which  raises  tho  surface  tension  of  the  water  will,  if  it  have 
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r  kction,  caose  the  system  wat<>r-col!oi(l  to  reduce  the  surface  of 
in  order  to  reduce  the  potciitial  energy  of  the  surfnce  to  a  mini- 
moiiL  This  factor  then  will  result  in  Uio  flocking,  or  the  coalosccuco,  of 
the  colloidal  particles  into  larger  aggregates  of  smaller  surface.  An 
examiaation  of  the  effectH  of  ^ts  ou  surbce  tension  ^ows  that  they 
arrange  themselves  soufwhat  in  the  same  order  as  they  do  tn  their  pre- 
cipitating povrcrs.  This  docs  not  explain  the  fact;  it  Kimply  espressos 
another  fact  It  docs  not  say  exactly  how  this  coalescence  is  brought 
about  Another  factor  may  be  this:  The  colloid  is  rendered  stable  by 
the  electric  doable  layer ;  the  effect  of  this  double  layer  is  to  reduce  the 
tension  of  the  surface,  because  it  sets  np  elctroNtatie  HtressM  aoroKs  tlio 

H  surface  between  colloid  and  solution.  Now,  it  is  generally  true  that  aalU 
of  bivalent  mcialii  ionize  somewhat  less  rnadily  than  monovalent.  Hence, 
if  a  monovalent  ion  is  replaced  by  a  bivalent,  the  ionization  will  bo 

B  reduced,  the  electric  double  layer  reduced,  the  surface  tension  increased 
and  hence  a  reduction  of  surface  will  occur,  if  it  can  oocar.  The  water 
in  contact  with  the  uncharged  particle  has,  of  course,  the  highest  surface 
tcoosioD  when  there  is  no  onion  or  attraction  betwoon  the  water  and  the 
colloid.  The  eonsequonce  is  that  the  undi-ssoeiated  particle  is  the  loaat 
soluble  particle.  The  ion,  or  charged  colloidal  particle,  is  more  soluble, 
becaoae  the  double  layer  reduces  the  surface  tejision. 

In  some  of  the  colloids,  as  in  the  globulins  for  example,  which  are 
ai^uble  in  dilute  aolt  solutions  but  not  in  water,  the  addition  of  a  little 
salt  is  able  to  c^usc  Uic  colloid  to  dissolve.    This  can  only  be  explained 

H  by  supposing  that  the  salt  actson  the  colloid  »o  as  to  increase  its  affinity 
for  water,  so  that  by  this  the  surface  tension  is  reduced  more  than  it  it 
raised  by  the  direct  action  of  the  salt  on  the  water.  This  might  be  accom- 
plished in  the  following  way: 

Olloid  +  fi  -i- 1?»  -f  ci ColloM  +  Ha  +  fia 

ColtoldNa  -f  BCl         ColloIdBa  -f  K» 

In  this  case  the  IICI  foniiiT*!  is  probably  united  with  the  colloid  and  may 
ionize  itaelf,  making  the  colloid  positive  at  one  place  and  negative  at  the 
Otherr,  At  any  rate,  the  tension  of  the  surface  between  NaeolIoidHCl 
and  water  is  reduced  below  that  of  the  globulin  alone,  and  solubility  is 
increased.  The  addition  of  more  salt  precipitates.  The  same  thing 
may  happ«i  in  arsenious  sulphide,  which  is  also  rendered  more  soluble 
by  very  small  amounts  of  salt,  but  precipilatod  by  larger.  Here  normally 
the  positive  ion  is  hydrogen.  By  the  replacement  with  sodium  in  sodium 
chloride  the  ioni«ition  will  be  increased.  However,  H,S  is  so  weak  an 
acid  that  this  action  will  soon  cease,  then  tlie  addition  of  more  NaCl  will 
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reduce  llie  ionizarion  ami  the  colloid  will  be  pnJcipiUtod  as  the  sodium 
salt.  Addition  of  tli«  salt  pushes  bnek  the  ionization  and  the  sodium 
salt  of  the  colloid  is  accordingly  prcvipitated. 


-+ 


Na  +  oollotd 
SoliiMv 


Nn«olI<ritI 
""  Very  litMc  aolublc. 

According  to  this  eiiplanation  the  weaker  the  acid  of  the  sodium  salt 
nsed,  the  larger  sIiouM  be  the  amount  of  aalt  nooossary  to  precipitate. 
It  should  take  more  sodium  iodide  than  of  chloride  to  precipitate,  and 
IhU  is  found  to  he  the  case. 

Infliience  of  solution  tension.  There  is  another  factor  in  the  precipi- 
tating power  of  an  ion  or  salt  bcaidas  the  valence.  It  is  found  that  hydro- 
gen chloride  is  always  moro  effective  in  precipitaling  jin  electro  negative 
colloid  than  sodium  chloride;  and  differences  c\i8t  between  the  lithium, 
rubidium,  cesium,  potassium  and  sodium  salts,  all  of  which  are  monova- 
lent. Similar  differone<?s  exist  between  calcium,  nia{»nesiuin,  barium  and 
strontium,  or  between  aluminum,  ferric  and  ithroniic  flnlts.  These  dif- 
lerencM  have  been  studied  by  the  author  and  they  are  illastrated  by  the 
preceding  tables.  Thus  Posternnt  found  that  the  limiting  precipitating 
concentrations  of  NaCl,  NaBr  and  Nal  were  .325.  .200  and  .069  M. 
respectively.  The  anions  have  the  same  valence  presumably,  but  the 
prdcipitating  action  of  the  iodide  in  gre.ater.  Tn  Llndcr  and  Picton's 
work,  ECl  had  a  precipitating  power  represented  by  1/1590 ;  while  UCl 
was  1/954. 

It  is  a  matter  of  general  experience  also  that  the  heavy,  and  paiv^M 
ticnlarly  the  noble,  metals  precipitate  albumin  eolloirls  more  effectivel^^^^ 
than  do  the  alkaline  or  alkaline  earth  metals  of  the  same  valence.  Cobalt, 
cupric  and  mercuric  chlorides  are  far  more  powerful  preeipitants  of  the 
colloids  than  are  the  alkaline  eai-lhs.  To  explain  this  difference  the 
author  haa  pointed  out  that  the  metals  arran^  themselves  in  the  order 
of  their  solution  tensions.  In  other  words,  that  besides  the  number  of 
charges  carried  by  the  ion,  the  efficiency  of  the  ion  is  measured  by  the 
vcUag6  of  the  ion;  that  is,  by  the  tendency  of  the  ion  to  give  up  its 
charge,  or  by  the  amount  of  available  energy  in  the  ion.  It  thus  hap- 
pens that  although  silver  is  monovalent  it  is  a  better  precipitant  of 
the  colloids  than  is  calcium.  There  are  always  two  factors  in  energy, 
tlie  volumetric  or  capacity  factor,  i.e..  the  Quantity  factor ;  and  the 
intensity  factor.  Just  as  in  an  electric  current  Hie  amount  of  work 
it  can  do  is  measured  by  the  amount  of  the  current  and  the  voltage,  so 
in  an  ion  the  work  it  con  do  is  measured  by  the  numher  of  charges  and 
by  the  voltage  or  intensity  factor  of  tho  charge.  The  silver  ion  holds 
its  positive  charge  far  less  firmly  than  docs  sodium.  Silver,  as  an  ion, 
attempts  to  get  rid  of  its  charge  and  go  over  into  the  metallic  state;  so 
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that  ionic  silver  is  a  good  oxidizing  ag:ciit.  Wliou  it  is  reduc«d  a  large 
amount  of  uoergy  is  set  free  lu  the  silriir  i(m  there  is  a  large  amount 
ol  availabk  poteotial  energy  as  eotnpurcd  with  mctailic  stiver. 

It  is  lor  ihis  reason  also  that  ailver  salta  aro  so  toxic,  outl  poisonous, 
whereas  the  tuetal  is  so  inert.  Id  the  coso  of  sodium  the  reverse  is  the 
case.  Metallic  sodium  haa  more  energy  in  it  than  llio  ion.  It  is  this 
diiference  in  cnerg}'  content  that  niakeu  the  properties  of  ionic  sodium 
so  different  from  those  of  the  mclaJ,  one  being  a  ueeessarjr  food  for  the 
body,  the  other  a  terrible  caustic  which  destroys  all  living-  matter  vrilh 
which  it  cumus  in  contact.  Copper,  ferric  iron,  lead,  gold,  platinum, 
arsenic,  blsiuutJi  and  mercury  all  resemble  silver  in  tlio  respect  that  they 
have  more  cucrg}-  in  the  ionic  than  in  the  metallic  forui.  Of  the  anions, 
chlorine,  bromine,  duoriae  and  iodine  hare  very  much  moire  available 
energy  in  the  atomic  than  in  tJie  ionic  form  and  consequently  these  sub- 
stanciQS  are,  as  elements,  strong  oxidizing  agents.  Fluorine  with  the 
most  energy  is  the  most  caustic  and  loxic;  chlorine,  bromine  and  iodine 
following  in  the  order  named,  iodine  being  least  toxic. 

It  would  take  us  tt)0  fur  afield,  however,  to  dis<^:iis3  farther  in  a  book 
of  this  character  this  relationship  of  the  solution  tension,  or  energy  con- 
lent  of  the  ion,  to  its  precipitating  power,  and  we  may  now  pass  on  from 
a  consideration  of  the  effect  of  salts  on  colloidal  solutions  to  the  properties 
and  oatara  of  gels. 

Structure  of  gels. — ^Slany  colloidal  solutions,  particularly  solutions  of 
emulsoids,  and  some  erystalloid  Mjlutions  have  the  property  of  solidify- 
ing us  a  vrhole  without  the  separation  of  the  solute  and  solvent  into 
visibly  distinct  zones  or  phases.  A  sufficiently  concentrated  ttolution  of 
gelatin  will  set  when  cool  into  a  jelly.  A  gel  haa  ttie  properties  of  a 
solid,  in  that  it  holds  its  shape  and  resists  shearing  stresses ;  it  is  more 
or  less  elastic.  The  molvcults  of  which  it  is  composed  are  not  like  tboee 
of  a  solution  free  to  niove  about.  Their  motion  is  in  some  way  resirieted 
as  in  a  solid.  A  gel  is  never  homogeneous.  It  consists  always  of  two  dis- 
tinct phases  or  substances,  one  of  these  is  a  liquid  and  it  may  generally 
be  separated  from  the  oUier  by  pressure,  leaving  Miind  the  more  solid 
phase  of  the  solute.  Since  protoplasm  has  the  propi^iiy  of  clinnging  very 
readily  from  a  liquid  to  a  gel  state,  the  study  of  the  structure  and  pli>i>ic;s 
of  gels  becomes  very  interesting  for  the  physiologist  A  gel  may  be 
defined  as  a  disperse  system  of  a  solid  cotisistence  and  eonsistii^  of  a 
liquid  and  a  more  solid  phase,  or  of  two  liquid  phases.  It  is  a  disporse 
system  in  which  the  d<^%reo  of  diKperson  is  not  to  moleeulai*  fincuess. 
Some  colloids  form  gels  with  great  ease.  Gelatin  is  a  lypical  ejiample 
of  this;  agar-agar  is  another  example.  A  solution  of  sodium  nucleate 
gels  very  easily.  These  colloids  are  raited  hydrophil  colloids,  meaning 
that  they  have  an  attraetion  for  water.   On  the  other  hand,  some  colloids, 
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such  for  oxamplo  as  colloidal  metals,  do  not  form  gels.  They  flocli  out 
of  uolutiOQ.  Closcty  allied  to  the  gels  are  the  eoiulsioDS.  These  arc  sys* 
tcms  of  several  substances  having  at  times  a  solid  consistence.  Th^i 
differ  from  the  true  cotloid&l  &olutioos  and  gels  in  that  the  degree  of 
dispersion  is  not  so  6ne.  A  soap  foam  i»  an  emulsion  of  this  character; 
ei-eam  is  another. 

Alauy  gels  are  converted  into  a  sol  state  by  warming  or  other  treat- 
ment, end  gel  again  on  cooling.  These  are  called  reveniible  gels.  Some 
gels  arc  not  reconvertible  into  sols.  They  are  irrevei-sible.  Gelatin 
or  agjir-agar  form  reversible  gels ;  blood  when  it  clots  forms  an  irre- 
versihie  get;  a  strong  solution  of  ceagulable  protein  forma  on  heating 
an  irreversible  gel  also.  It  will  not  rediasolve  on  furtiicr  ticatiug.  Proto- 
plasm appears  to  form  reversible  gels- 

AVhat,  then,  )»  the  slnicture  o£  a  gelt  What  has  happened  when  a 
colloidal  solution  geist  How  is  the  water  held  in  the  gelt  Why  do  some 
colloids  flock  out  of  solution  and  some  gelatini/et  Since  gels  are  solids, 
not  liquids,  it  is  clear  that  in  some  way  or  other  the  freedom  of  movement 
of  the  solvent  molecules  is  restricted  in  tlie  gel  as  compared  with  the  stale 
in  the  liquid.  How  is  this  toss  of  freedom  produced!  To  examine  the 
structure  of  gels  an  ultra  microscope,  that  is  a  dark  field  microscope,  is 
beet.  In  this  case  the  light  enters  from  the  side  instead  of  from  under- 
neath and  the  finest  particles  are  shown  as  bright  spots  on  a  dark  field. 
The  process  of  gelatin ization  has  been  studied  with  such  a  microscope.  It 
has  been  found  tliat  the  structures  of  various  gels  may  be  quite  diiferent 
in  details.  Some  gels  are  formed  of  very  minute,  or  rather  very  thin, 
acicular  crystals  which  penetrate  the  gel  in  all  directions,  and  which  hold 
the  saturated  solution  from  which  the  crystals  have  been  deposited 
entangled  between  them.  Such  a  gel  made  of  a  crj'stalloid,  not  a  col- 
loid, is  very  easily  obtained  by  disttolviug  a  good  dtial  of  caffeine  in  water 
and  allowing  it  to  cool.  The  calTeine  crystalH/es  out  in  a  mass  of  very 
long,  extremely  tliin,  acicular  crystals,  and  the  whole  makes  a  gel,  so 
that  the  test-tube  may  be  inverted  without  any  liquid  e-waping.  This 
experiment  shows  that  crystalloids  may  form  g^ls  as  well  as  colloids. 
Tyrosine  when  quite  pure  often  forms  similar  gels.  To  form  such  a  crys- 
talline gel  it  is  apparently  necessary  that  the  ciyatals  sliould  come  out 
in  a  very  minute  dimension,  at  least  one  or  two  dimensions  must  be 
minute.  The  crystals  may  be  very  long.  Among  other  examples  of  col- 
loidal substances  whii'h  gel  by  the  formation  of  very  long,  e.\tremely, 
thin  acicular  crystals,  the  clotting  of  the  blood  may  be  mentioned.  The 
crystals  of  fibrin  are  shown  in  Figure  29.  The  corpuscleii  and  liquid 
are  entangled  between  theee  crj-slals.  Moat  gels,  however,  arc  not  crya- 
tallioe  in  slmcture.  A  typical  gel  of  a  non-crystalline  form  is  that  of 
casein.    If  rennin  is  added  to  a  solution  of  caaein  under  suitable  condi- 
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tions  the  casein  U  coDverted  into  on  insoluble  form,  paracasein,  which 
forms  a  clot  or  jelly.  Tliis  proccM  has  been  watched  under  the  ultra 
mieroseope  and  the  appparanees  are  reproduced  in  Fig^ures  30  and  31. 
In  the  Mlnlion  nothing  can  be  seen.  The  field  in  homogeneous  and  dark. 
As  the  clotting  begins  there  is  at  first  a  diflfusc,  very  faint  light  in  the 


Pia  21'.- — Tbo  clMllDe  of  niirin  ntiawinx  th«  lang.  adcalnr  ctj-stnls.     A  ctyatalllDO 
K«t  M  tcta  la  tba  ullis  wlcroacopc  t8lubel>. 

field,  but  no  visible,  distinct  points.  As  the  clotting  goes  ou  distinct 
points,  very  minute  and  in  active  motion,  appear  first,  these  grow 
larger  aud  gradually  cease  to  move.  Finally  the  gel  is  seen  to  eoDsist 
of  a  very  large  nuiuber  of  isuiall  clumps  or  speuks  diBtributed  through- 
out the  gel  and  having  no  Brownian  movement  The  gelalinizatlon 
appears  in  this  case  to  be  due  to  the  formation  of  an  insoluble  pre- 
cipitate which  docs  not  flock  out  of  the  solution  but  remains  in  situ 
and  which  holds  the  liquid  between  the  particles.  The  liquid  between 
the  particles  will  hold  other  substances  in  solution  and  wilt  also  neces- 
sarily consist  of  a  saturated  solution  of  the  substance,  in  this  esse  para- 
casein, which  has  been  in  part  precipitated.  Most  gols  are  of  this  general 
character.  Silicic  acid,  t^or  example,  forms  a  gel  of  tliis  nature  aud  so 
does  sodium  nucleate.  Still  another  form  of  gel  is  som«timeB  obtained 
of  tJie  nature  of  a  very  fine  emulsion.  A  mixture  of  gelatin,  water 
and  alcohol  will  form  such  a  gc!  iis  whowii  by  Hardy.  If  the  concentra- 
tion of  the  gelatin  was  36  per  cent.,  the  gelatin  formt^j  solid  walla 
or  alveoli  containing  a  dilute  solution  of  the  gelatin  in  the  cavity;  if 
the  gelatin  was  13.5  per  cent.,  the  more  concentrated  phase  separated 
out  OS  spherical  drops  surrounded  by  the  more  dilute  phase.  A  gel 
may  bo  formed  of  three  liquid-i. 

The  most  probable  explanation  of  the  formation  of  a  gel  is  that  the 


oules  have  Ihoir  freedom  of  movement  reduced  ;  they  are  really  converted 
into  a  solid  of  two  dimensions.  In  order  lo  make  a  solid  gel  it  is  only 
necessary  that  the  amouat  of  liquid  in  tlte  surfaces  shall  be  large  com- 
pared to  the  amount  of  liquid  not  under  the  uctiou  of  unequal  attractions, 
in  other  words,  the  proportion  ot  liquid  in  the  form  of  surface  film  must 
bcBufficiently  high.  Toaccompli«)i  tliiH  it  is  only  neL-csiiary  to  liave  a  very 
fine  state  of  subdivision  of  Ui«  predpitate,  together  with  a  certain  con- 
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ceatratJoD  of  Uje  precipitate  tad  on  attractioa  b«iweea  the  predpitat* 
■nd  tli«9o]i->e!nt  It  is  *  matter  of  infUfference  whether  the  fioeljr  divided 
precipitate  is  atysUUiiie  or  enUeidal;  all  that  is  oeceaaary  is  that  the 
surlac«  of  the  particles  be  mj  htsa  eompared  to  their  balk  and  that 
tliere  be  cfiOQ|^  of  sudi  fine  erystals,  or  other  finelj'  divided  matter,  M 
that  the  aauHuit  of  free  liquid  shall  Dot  be  too  ereat.  If  the  aaoant  of 
li<iuid  is  too  great,  the  particles,  surrounded  by  their  surface  layeis  of 
water,  will  separate  oat.  Kmnlsions  do  not  differ  in  principlo  from  gels, 
nor  do  foams.  Althoo^  a  soap  foam  is  coiiipo6«d  of  a  gas  and  a  liquid 
soap  sdution,  yet  if  the  liquid  be  distributed  iu  the  form  of  surface  iilms 
it  is  dianged  to  solid  supporting  lamella  and  the  foam  is  a  solid.  The 
eesential  thing  aboat  a  gel  is,  therefore,  that  the  liquid  which  is  present, 
vfaatevor  its  character,  be  present  for  the  greater  port  as  surface  films. 

All  surface  films,  as  wc  hare  seen,  haT*  a  eontmctile  aetioiL  There 
is  always  a  tendon  in  such  films.  This  is  shown  very  clearly  in  the  cfin> 
tractiou  of  a  soap  bubble  when  ouo  stops  blowing  it  and  removes  tlie  pipe 
from  the  mouth  without  stopping  the  Tent.  It  is  this  cootractUe  action 
wliidi  eou8iitut«s  or  measures  or  is  the  r-xpreastou  af  tlic  surface  leusioD. 
it  is  nut  surpriiiiug,  hence,  that  gds  which  really  owe  Uicir  solidity  to 
snrface  films  of  liquid  generally  contruct.  In  this  cimtraction  they  press 
out  some  of  thr  liquid  and  this  liquid  is  atwa)rs,  naturally,  a  saturated 
solution  of  the  material  of  one  phase  of  the  gel,  generally  of  the  solid 
matter,  and  it  often  contains  other  substances  in  solution  such  as  salts. 
This  process  of  contractiou  of  gels  nitli  tho  separstiou  of  some  liquid  of 
this  character  is  called  "  Syneresis."  It  is  a  true  process  of  secretiou, 
probably  identical  in  character  with  the  processes  of  secretion  by  cells. 
The  coutractioii  of  an  agar-agar  tube  with  the  formaUon  of  the  so-called 
water  of  coDdcnsation  is  kuown  to  every  bacleriologist ;  and  the  eon- 
traction  of  clotted  blood  with  tlio  formation  of  scrum  which  is  squeezed 
out  of  llic  jelly  is  known  to  many.  Most  housewives  know  how  annoying 
this  tvudoncy  of  contraction  of  gvU  is,  siuce  the  liquid  tlius  expressed  is 
often  a  good  culture  medium  for  moulds  and  bacteria. 

Prutoi>tasm  may  be  regarded  either  an  a  very  viscid  sol,  or  hs  a  get. 
Its  structure  is  lliat  of  a  mieroocopic  emuliciou.  In  other  wonls,  it  has 
the  structure  of  n  gel,  or  when  it  is  more  liquid,  of  a  sol.  liike  otlier  gels 
it  is  able  to  contract  and  tluis  to  pn-ss  out  a  sohitiou.  It  can  toko  up 
woter.  It  is  probable  that  while  a  good  deal  of  the  solidity  of  protoplasm 
may  bo  duo  to  the  formolion  in  the  coll  of  tough  fibers  or  crystals  of 
protein  or  otlier  matter,  a  part  of  its  solidity,  and  often  a  Itirgo  part,  is 
due  to  the  fact  tliat  the  liquid  in  the  cell  is  distributed  very  largely  in 
the  form  of  surface  films  between  the  granules,  microsomes  or  droplets 
of  variouK  kinds  found  in  tiviug  matter.  The  lifpiid  between  tlie  various 
granules  is  bound,  probably,  iu  the  form  of  surface  films  of  a  coutractile 
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kind.  This  structure  of  protoplasm  hy  which  it  is  allied  to  an  emulsion 
was  particularly  stndied  by  Biitschli.  Figure  32  shows  how  closely 
the  structure  resembles  that  of  an  emulsioD.  The  real  living  part  of  tho 
protoplasm  in  its  more  solid  moments  is  probably  a  microscopic  foam 
or  emulsion.  At  other  times  it  may  bo  distinctly  fluid.  This  will  happen 
when  the  films  are  broken,  or  vrhen  the  surface  tension  is  diminished,  or 
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VtO-  9'.*— Ill  ut  I  rating  tita  taan  like  atructure  of  flicd  iirotDprasn    (Uttilj). 

when  there  is  too  mwh  water  in  the  protoplasm  in  proportion  to  that 
present  in  the  form  of  surface  films. 

Absorption  of  water  by  gels, — The  absorption  of  water  by  geU  is 
extremely  important  in  phystolo^',  because  the  protoplasm  of  tbc  cells 
of  the  higher  animals  is  a  gol  and  many  of  the  physiological  activities 
appear  to  be  due  to  the  absorption  and  loss  of  water  by  various  parts 
of  the  protoplasm.  Thus  the  contraclion  of  muscle  cells  is  apparently 
due  to  the  passage  of  water  into  and  out  of  the  ftbrillar  elements,  sarco- 
style*,  as  is  discussed  on  page  624;  in  secrclJon  there  is  evidently  an  alter- 
nate absorption  and  loss  of  water  by  the  cell,  the  process  being  so  regu- 
lated  that  the  loss  of  water  i&k&s  place  from  another  part  of  the  cell 
than  that  in  which  it  is  taken  in ;  the  abstraction  of  water  from  the  gel  of 
the  nerve  fibers  causes  the  development  of  a  nerve  impulse ;  and  in  plants 
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movoments  of  leaves,  petals  and  other  parta  of  the  plimt  arc  due, 
generally,  to  turgor  changes  in  the  different  cells.  In  fact,  it  appears 
that  thB  iiie(!haiiiffi,  tliat  Is  tlic  physical  part  of  the  protoplaatnic  activity, 
jfl  very  largely  a  matter  of  tlie  orderly  absorption  aud  loss  of  water  l)y 

cell  colloids.  In  this  connection  attention  may  te  called  to  the  con- 
centration of  the  chromatin  of  the  nucleus  into  vurj-  dense  cliromatie 
masses  during  cell  division  as  a  probable  example  of  tlie  concentration  of 
a  gel  by  the  loss  of  water,  accompanying  a  ph^-sioloffical  proeess.    The 
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Tin,  3S&.— Tbo  «w«Il]Qii  of  flbria  In  dtffcrcDt  (ult  ■olullon*.  Equal  amouiit*  of  IKirIn 
lA  cacti  tiilw.  PlliMa  Is  r«prM«Dlcd  by  titc  pancute  mauM  at  llie  bottom  ol  tbe  tulica 
<from  Bccbold). 

great  importance  of  a  thorouBh  understanding  of  tia  physic*  of  the  proc- 
ess of  tlie  absorption  and  loss  of  water  by  gels,  of  awellmg  or  imbibition 
prociast*  iu  other  words,  for  the  imderstaudiug  of  vital  actions  will  be 
apparent  from  Uiia  utattimcnt;  but  in  addition  it  may  be  mentioned 
that  from  the  point  of  view  of  pathology  and  thci'apeuLics  the  subject 
is  no  leas  important,  since  the  process  tmdoubtedly  plays  a  very  great 
role  in  tcdema,  in  the  swelling  of  the  brain  after  a  blow  on  the  head  and 
in  the  occasional  swelling  of  organs  like  the  kidneys  to  sneh  an  extent 
that  the  cireulation  is  impeded. 

nofmeiBter  was  one  of  tlte  (imt  to  recognize  the  great  importance  of 
this  process  of  swelling  in  oiiinml  physiology,  and  ho  has  contributed 
much  to  our  knowledge  of  th«  conditions  of  the  process.    Any  prolcin 

can  be  used  to  illustrate  the  action  o£  salts,  acids,  etc.,  on  tlie  water 
tt,  but  pcrliaps  gelatin  and  fibrin  arc  the  most  easily  obtained  and 
(4een  most  studied.  Small  muscles  maj'  also  be  used,  for  in  them 
the  gel  is  protoplasm  itself,  but  muscles  have  the  drawback  that  they 
are  the  scat  of  various  chemical  processes,  which  complicate  and  make 
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(rt)seare  Uic  mterprt-talion  of  tlie  rosulU.  The  metJiod  employed  by  Hof- 
meister,  aud  geuerally  followed  by  ollienf,  in  to  niiilte  a  fairly  strong 
g«l  of  geUtiu  by  dissolving  the  latter  In  liot  water.  Tim  gelatin  is  poured 
iuto  a  ilat*bottum  vessel  in  a  thin  layer,  and  after  hardening  it  is  cut 
into  citbijai  of  about  the  suae  sikc.  Thoso  cu'bes  aro  weighed  and  then 
placed  in  solutions  of  a&lts  of  various  strengths  and  kinds,  or  of  acids, 
or  other  substances,  and  thou,  aftor  varying  times,  they  are  removed,  the 
adhering  water  removed  by  bloUiug  [jajiyr  and  tho  cubtLs  weighed.  If 
Uiti  salt  or  acid  has  caused  the  gel  to  take  up  more  water,  the  cube  will 
now  ho  heavier;  if  loss  of  water  has  oeeurnKl,  it  will  he  lighter. 

"  By  Hwelling,"  Ilofinuister  snyB,  "  one  undci-stands  tlie  taking  up  of 
liquid  by  a  solid  body  without  chemical  change."  Three  diflfercnt  proc- 
esses may  play  a  part  in  this: 

1.  A  porous  mass  may  take  up  liquid  in  previously  formed  capil- 
laries and  spaces  filled  with  air.  This  is  capillary  imbibition  a.nd  is  illus- 
trated by  the  abiiorplioii  of  water  by  a  mass  of  porous  clay. 

2.  A  porous  mass  may  take  up  liquid  by  nHmosis  into  previously  built 
spaces  filled  with  Kolubte  subslancos  or  lii[uid.H.  This  is  imbibition  by 
osmosis.  This  occurs  in  all  animal  and  plant  cells  which  have  a  per- 
raeable  sliin. 

3.  A  homogeneous.  porc-Erce  mass,  like  gelatin,  absorbs  a  liquid 
undergoing  an  increase  in  volume.  Thin  is  the  molecular  imbibition  of 
Fick.  This  is  the  prooess  of  the  swelling  of  most  of  the  proteins,  of 
Icvithin  and  otlier  phoHphoUpins  and  most  of  the  eull  structures  like  the 
chrama^omes,  eciUilose  fibers,  dried  peas,  etc. 

In  animal  or  plant  cells  all  Uiree  forios  of  swelling  may  coexist. 
Thus  a  niuBcle  brought  into  a  solution  takes  by  capillarity  some  water 
into  Ihc  spaces  between  the  fibers.  A  scpond  part  is  taken  by  osmosis, 
not  all  substances  in  the  muscle  being  difFusihle  through  the  surface 
layer;  and  a  third  by  molecular  imbibition.  Of  tiie  three  forms,  the 
capillary  depends  on  surface  tension;  imbibition  is  a  peculiar  bind  of 
process  which  possibly  belongs  in  the  group  of  adsorption  processes  aud 
may  also  be  of  a  surface  tension  nature  at  the  bottom. 

Three  laws  of  Kwelling  which  have  been  discovered  are  these:  a.  Many 
substanc-es  capable  ot  sw4-l)ing  take  up  a  dcftniU:  amount  of  water,  not 
an  indefinite  amount.  There  is  a  swelling  maximum,  b.  The  volume  of 
the  swollen  body  is  smaller  than  thti  combined  vnlumes  of  the  original 
substuuee  and  the  li<(uid  taken  up.  Swelling  is  accompanied  by  a  eon- 
traction  iu  volume  (Quincke),  c.  Swelling  is  regularly  accompanied  by 
the  evolution  of  heat  (Duvernoy;  Wicdcmaun  aud  Liidekingj. 

Hofmcistor  used  small  squares  of  gulatiu  or  agar  not  over  0.2  mm. 
thick  and  weighing  when  dried  at  100'  C.  from  .01  to  .05  gram.  These 
were  placed  for  a  time  in  water  warmed  to  a  certain  temperature  and 
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wmgfaed  from  time  to  time  to  discover  the  rate  at  which  vntet  vna  taken 
up  and  the  swelling  maximum.  It  was  found  tlmt  the  weight  of  water 
absorbed  coold  be  represented  by  the  foDon-ing  formula: 

If  W  is  tJje  weight  of  waler  taken  up  hy  one  part  ot  the  diy  substanM 

t  minutes  it  was  found  that 


W  =  P(I- 


I 


t+Jt 


F  is  the  largest  amount  of  water  vhicb  can  b«  taken  up  by  one  unit  of 
substance,  or  the  swollmg  maximum;  c  is  a  constant  computed  from  the 
experiment;  d,  the  thii^-kncss  of  the  plate  in  the  toaximuin  swollen  state 
measured  in  mm. ;  and  t.  the  time  in  minutes.  P  was  found  by  leaving 
the  plates  in  water  for  from  1,000  to  2,000  minutes.  P  depends  on  tho 
affinity  of  the  particles  for  water  and  tlie  cohesion  of  the  particles  for 
themflelves.    The  velocity  ia  proportional  to  P — W. 

The  following  results  were  obtained  with  agar  plates  of  a  thickness  >ol 
0.60  mm.    P=5.62935i  c/d^.l5318. 
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It  will  be  seen  from  these  figures  that  the  water  is  absorluN]  with 
great  qQirkness.  The  smaller  and  the  thinner  the  piece,  that  i«  tiio  larger 
the  surface  in  proportion  to  the  hulk,  tlie  more  rapid  will  be  the  .Hwclling. 
A  completely  dry  agar  plate  0.206  mm.  in  thickness  in  the  first  minute 
absorbed  75  per  cent,  of  flic  total  aiuouut  it  could  take  up.  tf  the  sine 
of  the  plate  was  that  of  a  red  blocxl  ceil,  i.e.,  M2  nun.,  in  the  first  minute 
it  would  have  reached  the  maximum,  or  at  least  98  per  cent,  of  the  maxi- 
mum absorption.  This  is  a  point  of  very  great  importiince  in  the  inter- 
pretation of  museic  contraction  where  the  taking  up  and  loss  of  water 
must  take  place  with  great  speed,  if  1-he  contraction  is  to  be  asiTilwd,  as 
it  seems  that  it  must  he  ascribed,  to  this  process.  It  will  lie  seen,  also, 
that  when  a  cell  ia  placed  io  water  or  other  solution,  the  first  effect  mu»t 
be  on  the  delicate  membrane  surrounding  the  coll  which  will  almost  at 
once,  because  of  its  great  IhinueRs.  alter  its  slate  of  swelling  to  that  of 
the  ftolntion  in  which  it  ia  placed.  It  Is  seen,  then,  that  the  first  eflfoet 
of  a  solution  is  thus  on  the  state  of  swelling  of  the  peripheral  raembrsne 
and  it  is  not  impossible  that  this  is  of  importance  in  determining  the  ease 
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or  difliculty  of  penetration  of  snbatAnccs  into  colla,  and  is  a  matwr  M 
importance  in  the  making  of  the  fortilizatiou  mombrano  of  cg^. 

The  second  problem  investigated  by  Hofmeistcr  had  to  do  witli  tlie 
question,  IIow  docs  the  swflliug  behave  wheu  the  gelaliu  is  in  a  salt  solu- 
tion and  not  in  water  J  lie  made  cubes  of  eouw*utrated  gelatiu  aiid  deter- 
mined the  amount  of  ash  and  water  in  several  of  thcra.  The  gelatin  cubes 
were  then  brought  into  tlie  solution  to  be,  tested  and  nn  tho  next  or  later 
days  were  taken  out  and  after  drying  were  weighed.  Ko  at  times  deter- 
mined the  amoimt  of  salt  taken  up  also.  The  S^ros  in  tho  table  show  the 
nnmber  of  times  the  weight  of  solution  in  the  plates  is  tliat  of  the  dry 
rabstenee.  At  the  start  the  water  was  4.42  times  the  dry  substance.  The 
cubes  were  placed  iu  solutions  of  the  salts  wliieh  contained  one  ^ram  moL 
of  the  salt  to  a  thousand  grama  of  water. 

AflKr 

8*11  46  b.  TSb.  90  h  llilari  SKlar* 

Na  Ac«tat« 2.08  S.70  2.99  3.07  3.25 

Water    ftSft  8.74  8.13  9.37  pMtrefoction 

SO  tA9  7.40  9°S  \0M  II.BO 

NAOl    6.aS  7.49  9.83  10.81  13.07 

NH^CI    0.39  10.03  12.88  14.01  16.47 

In  solutions  of  UCl,  MgCl,,  CaCl,,  NiiBr,  NaClO,,  tho  Relotin  dis- 
solved in  24  hours. 

In  double  normal  solutions  in  48  hours,  cubes,  wbifth  before  contained 
5.39  parts  of  water  to  one  part  gelatin,  contained  the  following  amounts: 

Akfthol    8.70 

CA.O. "8 

KaAovtab  0.83 

Snorow    ; lO.i; 

W»ter 12.12 

NH^CI    18.95 

KCl 18.84 

Nad 22.10 

These  experiments  show  that  the  amount  of  water  taken  up  by  a  gel 
from  a  salt  solution  depends  on  the  nature  of  Iho  salt  present,  being 
reduced  by  some  salts  and  increased  by  others.  Most  saHs,  however, 
increase  the  swelling  of  the  gelatin.  This  is  exactly  parallel  to  the  solu- 
tion of  a  globulin,  whieh  will  only  dissolve  if  some  salt  is  present.  Hof- 
meister  interpreted  his  results  to  mean  that  all  salts  had,  as  a  primary 
effect,  an  increase  in  the  water-also rbing  power,  but  that  some  had  a 
greater  affinity  for  water  thomaelvcs  and  that  there  was  a  strife  between 
the  gelatin  and  salt  particles  for  the  water.  It  is,  however,  posisible  that 
the  greater  power  of  tlie  ODuaonium  chloride  may  bo  due  to  the  prp,sence 
of  a  small  amount  of  acid  In  its  solution  and  the  inhibitor^'  action  of  the 
acetate  to  the  presence  of  a  little  hydroxyl  in  the  solution.    Acids  in  small 
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t8  greatly  inereaw  the  swdling  power  of  protein  colloidfi.  Tho 
uaoant  of  sail  taken  up  was  in  genera]  proportional  to  tho  (jtianttty  in 
the  solution,  but  the  absorption  of  the  salt  and  tho  water  did  not  run 
perlectl/  parallel.  Thus,  at  first,  the  salt  content  increased  more  rapidly 
thOD  the  water  content.  While  it  is  clear  that  some  kind  of  a  chemical 
affinity  must  exist  between  the  swelling  body  and  the  liquid,  since  rubber 
avells  in  ether  hut  not  in  water  and  gelatin  shows  the  reverse  effect,  Hof- 
meistcr  concludes  nevertheless  that  the  attraction  is  not  that  of  an  ordi- 
nary  chemical  kind,  since  in  the  latter  a  definite  proportion  of  tlie  reaet- 
ing  sabstanees  is  found.  Tho  selective  absoi-ption  of  the  gelatin  for 
various  solutes  was  made  very  obvious  by  placing  the  gelatin  cubes  in 
solutions  of  methyl  violet.  In  dilute  solutions  moat  of  the  color  passed 
oat  of  tlie  solution  into  the  gelatin.  Ue  concludes  that  the  g<?1atin  par- 
ticles must  have  a  far  greater  aUractioD  for  the  color  molecules  than  for 
the  water.  It  is  probable,  since  salts  unite  viUi  amino-aeids,  that  they 
combine  also  ehcmieally  with  gelatin. 

Similar  experiments  have  been  carried  out  by  Pauli  and  others, 
among  whom  special  mention  may  be  made  of  Fischer  for  his  applica- 
tion of  the  results  to  the  study  of  the  cause  and  treatment  of  oedema. 
Pauii  studied  tJte  action  of  various  salts  on  the  fusion  points  of  gels.  He 
found  that  the  iodides  lowered  the  point  of  fusion  most,  then  came  the 
bromides,  chlorides,  acetates,  tartrates  and  sulpbatee  in  the  order 
named. 

While  the  facts  as  they  stand  enable  an  to  foreenst  the  influence  of 
salts  on  the  colloidal  sutistratum  of  Ii\-ing  matter  and  thus  furnish  a 
partial  explanation  of  how  salts  are  affecting  vital  processes,  yet  it  is 
instructive  to  inquire  sometrhat  mora  deeply  into  the  physics  of  tbis 
process.  Why  do  salts  in  dilute  solution  cause  swelling,  and  in  stronger 
solution,  shrinkingT  It  is  probable  that  the  manner  of  action  is  the  same 
as  the  precipitation  of  a  colloid  from  solution.  If  the  colloid  is  sufHcicntly 
dilute,  under  the  influence  of  the  salt  it  falls  out  of  the  water:  if  it  is 
loo  concentrated,  as  it  U  in  tho  gel  form  so  that  it  can  no  longtT  precipi- 
tate, the  salt  cauRcs  Die  water  to  fall  out  of  it.  The  same  result  may  be 
had  if  a  piece  of  fibrin  w  plared  in  water;  it  tAke.s  up  some  water,  but 
it  taken  up  far  more  vchv.n  tbcr«  is  a  little  acid  present.  Some  sails  and 
acids  incrcn«e  the  affinity  of  protein  colloids  for  water  and  these  cause 
swelling  and  disHolve  protein  colloids;  otlirfR  diminish  the  affinity,  and 
these  cause  a  loss  of  water.  Anything  which  increases  this  aflinity  lowers 
the  tension  of  tho  surface  of  contact  of  the  water  and  the  colloid  and 
hence  this  surface  is  increased,  the  gelatin  swells,  water  penetratea  it; 
on  the  other  band,  any  salt  which  ini-reasos  the  surface  tension  of  contact 
between  colloid  and  water  will  cause  a  diminution  of  the  surface  of 
contact^  and  the  colloid  will  lose  water.    The  way  in  which  acids  thus 
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act  is  that  they  nnite  with  the  protein  to  form  a  salt  which  ionizes 
readily.  This  salt  thus  causes  the  gelatin  particles  to  be  surrounded  by 
an  electrical  double  layer.  By  the  electro-static  affinity  across  this  layer 
the  affinity  of  tJie  n'ater  and  the  gelatin  is  increased,  and  accordingly  the 
surface  temioa  of  the  water  in  contact  with  the  gelatin  is  reduced,  and 
if  tb«  ffclatin  is  not  too  ri^d  an  increase  of  surface  will  take  place.  All 
avida,  tliefcfore,  in  more  than  q^iitte  minute  nmotints,  cause  proteins  to 
absorb  water.  If,  however,  the  anioHiit  of  acid  is  very  .small  and  the 
protein  is  in  a  very  dilute  alkaline  solution,  the  first  a<'tion  will  be  in 
the  direction  of  a  loss  of  water.  The  production  of  acid  in  a  tissue 
Fischer  believes  to  be  the  prime  cause  of  oedema.  The  action  of  salts  is 
more  difficult  to  understand,  but  it  is  probable,  as  ITofmeister  believed, 
that  tlie  first  elfect  of  the  salt  is  to  make  a  weak  union  with  the  gelatin, 
leading  it  to  take  up  more  water  or  rendering  it  more  soluble.  We  may 
infer  from  the  fact  that  iodidea  cause  solution  of  gelatin  that  the  gelatin 
colloid  is,  in  water,  chiefly  electro-negative,  that  which  direct  obserra^ 
tion  confirms. 

The  swt-lliuB  of  solid  bodies  following  or  accompanying  imbibition 
of  water  i.H  often  very  greet.  Thus  pons  will  swell  to  double  their  siiw, 
and  Irish  moss  {Ghondnis  crispus)  swells  to  treble  its  size  when  dry.  Tn 
all  such  cases  tbe  cohesion  of  the  swollen  body  is  much  less  than  Ibat 
of  the  same  body  before  imbibition.  Thus  Reinhe  found  that  dried 
Laminarta  absorbed  300  per  oojit.  of  water  and  its  ductility  increas«d 
sixty  timm,  while  the  breaking  strain  fell  to  one-tenth  its  value.  Solid 
substances  whirh  take  up  water  in  visible  pores  without  swelling  undergo 
no  change  in  coh<»ion.  Thus  a  dried  brick  will  abKorb  a  good  deal  of 
water  in  its  pores,  hut  the  cohesion  of  the  brick  is  not  altered  Ihorcby. 
There  is  probably  no  dtfToronce  in  principle  between  the  imbibition  of 
water  in  visible  capillary  pores  and  true  swelling  where  thoro  are  no 
visible  pores  and  the  imbibition  is  molecular  or  raiccllar.  The  sole  dif- 
ference IB  probably  that  in  the  ease  of  imbibition  without  swelling  the 
attraction  between  the  water  and  the  solid  substance  is  not  sufficiently 
great  to  overcome  tbe  attraction  of  tlie  molecules  of  solid  for  each  oilier. 
The  molwadea  of  tlio  solid  cannot  be  separated  by  (he  pL^netratiug  water 
and  Ihc  body  doea  not  swell.  The  water  is  able  to  displace  the  air  from 
the  capillary  spaces  and  spreads  itself  accordingly  over  all  free  surfaco. 
In  the  case  of  swelling  gelatin,  or  woody  fibers,  or  liquid  crj-stals,  the 
attraction  botween  the  molecules  of  the  substance  and  the  water  mole- 
eules  is  greater  than  belWMn  the  molecules  of  the  substance,  so  that 
the  latter  are  separated.  Swelling  of  solid  bodies  in  this  way  passes 
imperceptibly  into  swelling  so  considerable  that  the  solid  becomes  a  liqnid 
solution.  ThuM  gum  arable  and  peptone  at  first  swell  as  solids  and  then 
dLBScdve  in  the  water  token  up.    Kats  has  slio^vn  that  the  processes  of 
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molecular  imbibition  in  solids  arc  at  bottom  identical  with  Uic  taking  up 
of  water  by  glycerin,  sulphuric  acid  or  other  liquids  wliidi  absorb  water 
with  the  liberation  of  heat. 

Tb«  heat  liberated  by  th«fie  swelling  processes  may  be  considerable. 
Katr.  foimd  that  dried  cellulose  liberated  the  following  amounts  of  heat 
on  swelling.  \V  is  the  quantity  of  h«at  in  gram  calories  liberated  when 
1  gram  of  tlie  dried  substance  takes  up  i  grams  of  water.  Forraula: 
W^Ai/(B+i). 

C«UulOM.     A^ll.«;    B^  0.030. 
i     W deter.  Ucala.  ^ 
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Adsorption  by  colloids. — Finely  divided  solids  often  have  tlio  power 
of  uniting  uitli  subslaucvs  in  solution  so  ttiat  if  the  solid  is  filtered  off 
the  solute  remains  very  largely  in  the  precipitate  of  the  finely  divided 
solid.  Thus  colors  (iU»red  through  charcoAl  or  diatomaceous  earth  nflen 
remain  in  the  charcoal  or  curth  and  the  solution  in  freed  from  them.  If 
permanganate  solution  is  filtered  through  clean  sand,  it  is  said  that  the 
first  water  which  coincs  through  is  almost  colorless.  There  aro  many 
other  examples  known  to  chemists,  and  one  of  them  has  already  been 
mentioned:  namely,  the  taking  up  of  color  from  a  solution  of  methyl 
%-iolot  by  gelatin.  This  separation  of  the  solute  from  a  jiolvi>nt  by  sub- 
stances in  suspension  is  generally  said  to  oecur  by  meauN  of  adsorption. 
By  many  ol(s«rvers  it  is  rcferrcil  to  surface  forees  at  the  boundary  of 
lirinid  and  solid.  It  is  pmbahlc  that  many  of  these  so-<'jilte<l  adsnrptionn 
arc  iu  rcDlity  duo  to  true  molecular  union  between  the  solid  and  tlio 
wibatance  adsorbed.  This  is  the  case,  for  example,  between  the  filter 
paper  and  copper  adsorbed  from  a  solution  of  copper  sulphate.  Prob- 
ably the  majority  of  adsorption  eompouuds  are  in  reality  chemical  unions. 
They  differ,  however,  from  ordinary  chemical  unions  in  the  tsml  that  the 
two  combining  substonecs  are  not  united  in  definite  proportioii.s,  but  the 
amount  of  substance  which  is  atlxorhod  is  more  or  Icmi  proporlinnal  to 
the  amount  of  surface. 

That  surface  forces  may,  also,  bo  responsible  for  eome  of  these 
processes  of  adsorption  is,  however,  possible  and  on  the  whole  probable. 
It  was  shown  by  Willard  Gibbs  that  substances  which  lower  surface 
tension  will  aceuuiulste  in  the  surface  film.  That  Is.  their  concentration 
will  be  larger  tJierc  than  iu  the  liquid  behind.  If  there  is  a  very  large 
amount  nf  surface,  it  is  possible  that  quite  a  good  deal  more  sub»tance 
be  taken  up  thou  by  on  equal  amount  of  pure  solvent,  not  in  the 
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8arfac«  form.  Suppose  at  the  bonndao'  of  liquid  and  more  solid  por- 
tions of  pTOtoplaam  the  surface  tension  luiglit  be  lowered  by  the  paBSag« 
into  the  film  of  some  substance  present  ia  the  protoplasm.  In  that  case 
tlie  distribution  of  the  substance  might  be  altered  by  the  presence  of  Uic 
film.  It  might  be  more  concentrated  immodiately  about  the  granules,  for 
example,  than  in  the  protoplasm  between  the  granules.    Tt  niight  he  said 
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Fia>  S3. — DiHlributlon  of  pota^lam  la  Adnola.  Tbn  black  tt^auulc*  rvpnut'iit 
potuamiD  (UKrRllutn).  Uacalliim  T«lteT>?ii  tills  (UitdbuilDa  la  drtrrmlniM  b;  lurfare 
teitm. 

to  be  concentrated  by  adsorption.  Some  physiologista  believe  that  this 
priDciple  of  distributiOD  of  substances  in  protoplasm  by  means  of  sur- 
face forces  of  adsorption  plays  a  large  part  in  determining  the  distribu- 
tion of  substences  in  cells.  Macallnm,  for  example,  has  studied  the 
distribution  of  potassium  in  cells  from  this  point  of  view.  He  has  con- 
cluded that  probably  surface  tension  fon-cs  do  determine  the  dislribii- 
tion  of  potassium  in  Acineta.  The  curious  distribution  of  pola.s.tium  in 
these  cells  is  shown  in  Figure  33.  It  is  extremely  difficult  to  be  sure 
in  these  cases  that  the  substance  is  really  distribuled  by  surface  forces 
rather  than  by  the  operation  of  the  usual  chemical  means  of  forming 
insoluble  precipitates.  To  what  extent  adsorption,  as  distinct  from  ordi- 
nary chemical  anions,  determines  the  tAhing  up  of  stibstanccs  by  living 
matter  must  be  left  open  for  the  prcsenl.  There  can  be  little  dciubt, 
however,  that  many  so-called  adsorption  phenomena  are  in  reality  noth* 
ing  more  than  chemical  unions.    It  may  be  said  that,  as  all  inorganic  salts 
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Inereaao  the  surface  tension  of  water,  it  is  impossible  to  coneeutrata  a 
ftalt  in  a  Rurfiu-e  Glm  of  water  \>y  the  operation  of  the  principle  of  mini- 
mum energy.  For  potauium  to  accumulate  in  the  surface  in  the  way 
mentioned  above,  so  that  its  concentration  is  greater  than  outside  the 
surface,  it  is  necessary  to  suppose  that  the  potassium  unit'es  wit]i  the 
substance  which  the  liquid  is  bathing:  &nd  in  this  way  reduces  the  tension 
by  increasing  the  attraction  across  the  surface ;  or  else  that  it  is  present 
ui  some  organic  anion  with  some  substantie  wliich  reduc^fi  the  tension  and 
80  accumulates  in  the  surface. 

Brownian  movement. — The  fine  partii*]*^  of  a  siispenHoid  or  emulfloid 
colloid  when  ibpy  are  large  enough  may  be  seen  to  be  in  a  state  of 
rioleut  agitation.  The  particles  dance  about  a  fixed  point,  first  in  one 
direction  and  then  in  another.  This  movement  was  studied  by  Robert 
Brown  in  1828  and  has  since  been  known  as  the  Brownian  movement. 
The  rigor  of  the  moTemcnt  increases  with  the  temperature  and  with  the 
smallncss  of  the  particles.  It  has  been  variously  explained,  but  tt  is  now 
as(iril>ed  to  the  boiiibanlment  of  the  particles  by  the  moleeiileti  of  liquid 
in  which  they  are  immersed.  Tt  represents  the  true  dance  of  the  mole- 
cules. By  this  boinbardnient  they  arc  knocketl  first  in  one  direction  und 
then  in  another.  In  protoplasm  the  particles  am  not  generally  in 
Brownian  movement,  but  when  the  protoplasm  litiucfics  the  movement 
b^ns  at  ODce.  It  would  appear  from  this  that  the  protoplasm  of  many 
cells  at  any  rate  is  rather  in  a  gel  than  a  sol  state. 

Osmotic  pressure  of  colloidal  solutions. — ^Aa  is  to  be  anticipated, 
cflUoidal  solutions  po^awifi  osmotic  preasure.  Thoy  must  do  so  if  tliey  have 
any  affinity  for  water.  The  colloidal  particles  are,  however,  so  large 
that  their  number  is  very  small  even  in  fairly  concentrated  lioUittoua 
when  compared  with  tlic  number  of  piirtitilcs  of  il  non-colloidal  substance. 
Indeed,  t.lic  freezing-point  method,  or  the  boiling-point  method  of  deter- 
mining osmotic  pressure,  which  depends  on  the  vapor  tension  of  the 
solution,  is  not  sufficiently  precise  to  measure  the  osmotic  pressure  accu- 
rately, and  indeed  for  some  lime  it  was  doubted  whotlior  colloids  really 
exerted  an  osmotic  pressure.  By  directly  measuring  this  pressure  in  an 
osmometer,  however,  there  is  no  doubt  of  its  existence.  The  osmotic 
pressure  of  hemoglobin,  a  colloid,  is  given  on  page  142.  Sixiec  osmotic 
pressure  is  but  tlic  expression  of  the  affinity  of  particles  and  water,  it 
is  immaterial  whetlier  the  pari  ioles  are  in  a  solid  state  or  in  solution.  The 
swelling  pressure  of  gelatin  in  water  is  but  the  o.^jprcssion  of  its  osmotic 
prosBure.  The  protoplasmic  colloids,  whether  gel  or  sol,  have  then  an 
oamotie  pressure,  but  it  is  customary  to  call  it  osmotic  pressure  only 
when  the  colloid  particles  are  in  solution. 

It  is  rather  inlorestiug  to  consider  the  number  of  particles  which  are 
necessary  to  produce  a.  given  osmotic  pressure.    Suppose  a  gram  of  a 
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pure  crystalline  protein  is  dissolved  in  100  c.c.  of  solution.    The  osmotia] 
pressure  is  moasnped  and  fonnd  to  be  76  mm.  of  mercury.    What  is  ths ' 
molecular  weight  of  Ibe  protein  and  what  is  the  number  of  particles  in 
this  solution  T    The  number  of  molecnlfs  iu  a  gram  raol.  of  any  substance 
has  been  measu  red  in  various  ways  and  found  to  be  G.05X  10^.  A  ^ram  mol. 
of  glucose  in  a  liter  of  solution  has  a  Uieoretical  osmotic  pressure  of  22.4 
atino^lieres  at  0°  C.    In  each  cubic  centimeter  there  must  be  6.05X10^ 
molennles.  The  solution  just  mcutioued  bad  an  osmotic  pressure  oC  76  mm. 
Hg,  that  is  1/lOth  of  an  atiaospbcrc.    It  must  contain  in  a  ex.  6.06X 
10'V22.4  particles  or  a.7xlO'\    Since  the  solution  contained  0.01  gr. 
in  a  C.C.,  the  weight  of  each  molecule  is  easily  calculated.    A  gram  mol. 
pep  liter  gives  a  eaieulatod  but  not  an  actual  osmotic  prcssuro  of  22.4 
atmospheres.     The  actual  osmotic  pressure  is  more  than  this  (p.  200).  | 
Tills  solution  containing  10  graxaa  per  liter  gives  au  osmotic  pressurft' 
l/224th  of  that  of  a  gram  mol.    Hence  10  is  l/224th  of  the  molecular 
weight,  and  the  molecular  weight  would  be  2240.    It  may  bo  seen  from 
this  that  an  almost  uieonccivably  ^rcat  number  of  molecules  may  bo 
present  in  a  solution  and  yet  exert  a  very  small  osmotic  pressure. 

The  electrical  phenomena  of  protoplasm. — Every  activity  of  livil 
matter,  whether  it  is  an  act  of  socretiou,  a  muselc  contraction  such  as"! 
the  rbytlimic  contraction  of  tlie  heart,  or  a  nerve  impulse,  is  accom- 
panied by  an  electrical  disturbance  in  the  protoplasm.    This  electrical] 
diatui'hance  may  be  delected  by  connecting  two  points  iu  the  tissue  ■ 
which  are  not  equally  active  with  the  olcctradc«i  coming  from  an  elec- 
trometer or  galvanometer.    la  some  cases,  as  for  example  the  electrical 
0^,  Gymnotus  or  Maloptcrunis,  or  the  electrical  iishca,  such  as  the 
Torpedo,  the  elcctrioal  disturbance  may  bo  so  heavy  as  to  produce  a 
strong  sltock  to  animals  touchini;  or  being  in  the  neighborhood  of  thaj 
discharging  animal,  and  the  discharge  is  of  use  in  stmuilng  enemies  at 
pr«y.    Every  living  cell  is,  therefore,  a  battery  and  the  study  of  pr 
plasm  as  an  electrical  machine  may  help  elnetdalc  it.s  vital  properties. 

For  tiie  detection  of  Ihcae  cleclrical  currents  uon-polarizable  elec- 
trodes should  be  uscfl.    These  arc  made  usually  by  immersing  a  zinc  wirtt'f 
or  zinc  electrode  in  a  strong  solution  of  ziuc  sulphate,  the  zinc  sulphate 
is  kept  from  the  tissue  by  interposing  between  the  sulphate  solution  and 
the  tissue  a  solution  of  normal  saline,  that  is  N/6  NaCl  solution ;  a  string 
from  this  solution  connects  with  the  tissue.     Current  passing  in  either, 
direction  through  these  electrodes  does  not  produce  any  opposing  elcctro-J 
motive  force.    For  the  detection  of  tlie  current  various  devices  are  iisedij 
sueli    as  the  oscillo^apli,    the   thread    galvanoiiieler  or   the   capillary 
electrometer,   for  the  operation   of  which   special  memoirs   may    bs] 
consulted. 

By  the  means  just  mentioned  it  is  fonnd  that  the  part  of  protoplasm] 
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or  tissue  which  is  active  is  always  electro-negaUve  to  the  part  which  is 
more  at  rest  Every  excitation  of  the  protoplasm  causes  a  momeniary 
negativity  in  Uie  part  excited  so  that  a  momentary  current  fiows  through 
the  galvanometer  from  tlie  less  active  to  the  more  active  part;  and  within 
the  tissue  the  current  is  completed  by  the  current  floiring  from  the  more 
active  to  the  less  active  part  of  the  protoplasm.  Tim  momcutary  electric 
discharge  is  called  the  cun-eut  of  actiou,  or  the  negative  variation,  or 
by  Waller  the  "  blaze  "  curreul.  Waller  called  it  a  blaze  current  to 
indicate  that  it  is  as  if,  following  tlie  stiumlatiou,  the  protoplasm  sud- 
denly blazed  up  in  a  conflagration.  It  is  usually  of  very  short  duration, 
but  if  the  difference  of  activity  is  constant  the  electrical  difference  is  also 
eonstant. 

The  cause  of  the  electrical  phenomena.— The  mechanism  of  the  pro- 
duction of  this  current  of  action,  or  blaze  correDt,  is  still  uukuowu. 
Three  or  foui"  more  or  less  probable  suggestions  have  been  made  to 
explain  iU  The  iii-st,  and  in  uiatiy  ways  tbc  most  important  of  these 
suggestions,  is  that  of  DuUoiis  Kaymoud,  that  protoplasm  is  composed  of 
polariiwd  molecules  being  electro-negative  at  tUe  ends  and  positive  in  the 
center.  The  cnrrcnt  is  produced  by  the  rotation  of  these  molecules.  If 
cohesion  is  of  a  magnetic  nature,  as  appears  probable,  it  is  not  unlikely 
that  sucb  polarized  molecules  really  exist  in  living  matter. 

The  sccoud  view  is  that  of  Itie  polarizablc  membrane.  It  is  supposed 
that  protoplasm  has  in  it  membranes  which  are  permeable  for  cations 
but  not  for  anions  and  so  generates  an  electro-motive  force  at  Uie  boua- 
dane«.  i^xcitation  lets  the  anions  out,  too,  and  so  produces  an  electrical 
disturbance. 

The  third  is  that  the  current  is  caused  by  a  change  in  the  surface 
of  contact  between  colloids  and  water,  as  it  is  in  the  capillary 
electrometer. 

The  fourlli  view  is  that  it  is  caused  by  the  production  of  acids  set- 
ting free  liydt-ogcu  ious.  making  a  concentration  chain  efifecL 

The  fifth  view  is  that  it  is  proiluced  by  oxidation  and  reduction,  that 
it  is  a  burning  with  the  euergj'  set  free  as  electrical  energy  rather  than 
heat,  as  it  is  in  a  batter}-. 

It  is  impossible  nt  present  to  decide  which  of  these  theories  is  correct, 
or  whether  any  one  is  correct. 

The  reaction  of  protoplasm  and  the  preservation  of  neutrality .^-So 
far  there  has  been  considered  the  physical  chemistiy  of  the  structure  of 
living  matter,  its  properties  wiiicti  are  due  to  its  colloids  and  the  surface 
tension  (and  electrical  properties) ;  those  properties,  in  other  words, 
have  been  considenid  which  have  to  do  with  the  machinery  of  protoplasm. 
Wc  sholl  now  take  up  briefly  the  physical  ehemistry  of  some  of  the  fun- 
damental chemical  properties  of  the  cell,  dynamical  physical  chcmigti^ 
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In  other  words.  One  of  the  Amplest  and  raost  important  of  these  cheiu- 
ical  properties  U  the  reaction,  whether  alkaline  or  acid,  of  the  protoplasm 
and  Uio  methods  used  to  presen-e  neutrality. 

Whether  the  reaction  is  ac'ul,  alkaline  or  neutral  ruay  be  dettirtuinod 
with  greater  or  le&s  certainty  in  a  variety  of  ways,  all  nf  whieh  show 
that  protopla&m  in  generally  vory  faintly  allcaline  in  reaction,  but  that 
it  bceoincs  aoid  after  douth  and  when  it  works  in  a  medium  with  too 
litUo  oxygen.  The  reaction  of  Hviuj;  matter  may  be  determined  by  the 
u&o  of  indicators  and  in  rarioms  indirect  ways.  Many  stains  are  good 
indicators :  that  is,  Uiey  have  a  stronfj  color  change  when  they  pass  from 
an  alkaline  to  au  acid  reaction.  Such  a  staiu  is  neutral  red,  which  is  a 
deep  orange  rod  in  an  allcaline  reaction  and  a  pink  in  an  acid.  Nentral 
red  penetrates  nearly  all  colls  with  ease  and  atains  tlio  granules  in  the 
cellH  and  sometimes  other  structures.  It  always  taken  the  color  it  has 
in  an  alkaline  ruaction ;  woi'covcr,  it  is  found  that  when  protoplasm  is 
made  acid  it  no  longer  stains  with  nuutrul  red.  Another  stain  is 
cyanatnine,  which  has  bficn  introduced  by  Bcnsley  and  Harvey.  This 
stain  is  red  in  an  alkaline  solution  and  blue  in  an  acid  solution.  It  is 
found  tliat  it  stains  eolls  or  parts  of  cells  red.  Other  stains  may  also  he 
uaod.  Thus  acid  fuchsin  will  not  stain  protoplasm  as  long  as  it  is  alka- 
line, but  as  soon  as  it  is  acid  it  takes  up  the  stain.  By  this  means  it 
is  found  that  if  acid  fuclisiii  is  injected  ijito  u  frog  and  then  one  blood 
vessel  to  the  leg  is  ligated  while  tlmt  to  the  other  kg  is  inlnr*!,  and  then 
if  the  musclo  of  tlie  ligatcd  side  is  made  t«  contract,  that  muselc  will  be 
found,  on  taking  off  the  skin,  to  be  a  bright  red,  whilo  the  other  baa 
scarcely  a  tint  of  red.  This  pro%*cs  that  acid  is  formed  in  muscle  during 
contraction  and  accumulates  there,  if  tliere  is  not  a  supply  of  oxygen. 
Orditmrily  the  protoplasm  is  neutral  or  alkaline,  since  it  does  not  stain. 
The  same  experiment  has  been  tried  with  the  electrical  organ  of  the 
Torpedo  and  with  othi^r  tissues  and  tlic  same  facts  found  for  the  differ* 
enee  between  the  reaction  oE  active  and  passi%-c  protoplasm.  Miss  Green- 
wood fed  various  Rtains  to  Stcnlor,  Paramn>cta  and  othvr  pruhwoa  and 
found  the  reaction  of  Uio  protoplasm  to  be  alkaline  to  litmus  and  the  con- 
tractile and  digestive  vacuoles  to  be  acid. 

There  are  several  diffieulties  in  this  use  of  stains  for  t.ho  determina- 
tion of  reaction.  The  (irst  is  tlmt  the  stain  may  itself  be  poisonous  and 
by  killing  the  cell  bring  about  the  production  of  acid,  since  dead  proto- 
plasm is  generally  acid  in  reaction.  Another  difficulty  is  that  only  those 
stuns  will  accumulate  in  protoplasm  which  combine  with  some  element 
in  the  cell.  Not  all  stains  penetrate  easily.  Moreover,  the  cell  is  strongly 
reducing  so  tltat  many  stains,  like  methylene  blue,  arc  reduced  to  a  color- 
less substance  as  long  as  the  coU  is  alive;  the  color  can  only  be  aeon  in 
those  parts  of  the  cell  where  the  reducing  or  oxidizing  powers  are  least ; 
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whore,  in  other  words,  the  vitality  of  the  cell  is  least.  But  the  most 
serious  dliBeully,  and  one  which  is  usually  overlookeU  by  cytologista, 
u  that  the  stain  is  uot,  properly  speaking,  a  rea^nt  for  acids  and  alka- 
lies at  all,  when  used  in  a  heterogiineQU-s  KyNteui  like  the  cell.  Iq  all  cases 
the  differencti  of  color  shown  by  ttiu  stain  U  between  the  color  of  the  salt 
and  tlic  free  bane  or  acid.  Now.  let  us  suppose  that  there  are  in  proto- 
plasm substances,  electro-nrgutlve  colloids,  which  will  form  Insoluble 
salts  with  neutral  red.  If  these  colloids  do  not  change  their  aign  with  a 
slight  acidity,  but  remain  electro-negative,  Ihuy  will  form  a  true  salt 
wilii  tlie  stain  and  give  tlie  reaeliou  of  the  salt,  as  if  tin*  reaction  were 
acid,  even  though  the  reaction  is  neutral  or  family  alkaline.  The  same 
is  true  of  any  acid  stain.  If  there  are  electropositive  rolloids  anywhere 
in  the  cell,  these  will  react  with  the  acid  dyes,  forming  a  true  salt  and 
^ving  tlie  salt  color,  which  in  a  true  solution  would  bu  held  to  be  the 
sign  of  an  acid.  Kor  example,  silk  exposed  to  acid,  but  thereafter  thor- 
oughly washed  so  tliat  it  is  not  acid  In  reaction,  will  stain  a  brlUlaut 
red  to  acid  fuehsiu.  Stains  can  be  used,  then,  for  the  detectlou  of  the 
acidity  of  protoplasm  only  with  the  greatest  caiiUgn,  but  neverthetv^s 
the  evidence,  as  far  as  it  gue^,  is  tu  tlie  ufTeut  Uiat  the  protoplasm  is 
usually  very  faintly  alkaline. 

Another  method  of  determining  the  alkalinity  of  protoplasm  is  to 
study  tlio  alkalinity  of  the  liquid  in  which  the  cells  live.  It  is  not  likely 
that  a  cell  will  have  a  reaction  very  dilferont  from  the  medium  in  which 
it  lives,  although  this  is  at  times  possible.  The  blood  may  be  regarded 
as  a  living  luuue.  The  reaction  of  the  blood  plasma  and  the  lymph  of 
mammals  and  vortebraUiS  gcuoraUy  is,  like  that  of  Uie  sea-water,  very 
weakly  alkaline.  Tliu  blood  In  alkaline  to  litmus,  but  auid  to  pbenol- 
phthalcin.  The  exact  reaction  of  ttie  blood  umy  be  determined  by  Uie 
methods  given  in  Chapter  XII.  By  these  methods  it  Is  found  that  tlie 
plasma  has  a  concentration  of  hydroxyl  ions  of  about  TX.1Q~^  N. 

Changes  produced  by  a  change  in  renctmt  in  thf.  cell.  The  physical 
and  chemical  changce  which  ensue  in  protoplasm  when  its  reaction  is 
rendered  leas  alkuiiue,  or  inoro  acid,  are  exlreeuGly  importaut  and  pro- 
found. The  Cral  effect  of  the  production  of  acid  in  tlio  cell  is  sogii  in 
a  rediietlou  in  the  rate  of  oxidation.  The  respiratory  oxidation  of  the 
cell  is  wonderfully  alTccled  by  a  rise  or  fall  of  acidity.  By  au  iucreasc 
in  acidity  it  is  checked ;  by  a  decreaae  iu  acidity  it  is  greaUy  stimulated. 
It  is  always  found  that  Uic  ujipcaraui^e  of  acid,  or  auy  reduction  of  alka- 
linity, u  accompanied  by  a  failure  to  oxidize  certain  cell  products  which 
under  normal  circumslaneos  arc  oxidized.  Thus  acidity  in  the  mammal 
is  always  accompanied  by  the  appearance  of  acotono  bodies  in  the  urine 
which  may  ditiappcar  at  once,  if  alkalies,  such  as  sodium  bicarbonate,  are 
given.   A  second  important  chaDgc  Is  the  appearance  in  the  cell  of  auto- 
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lytio  eatymea  of  Tarions  kinds,  both  proteolytic  and  carbobydrate  spU^ 
ting  enzymes.  Invcrtiu,  amylase  and  other  digestive  and  deamidizing 
cnzymos  are  set  free.  The  appearance  of  tlieee  enzymt'S  is  in  the  nature 
of  ao  adaptive  change,  the  cell  by  means  of  tbem  seeking  to  reeover  its 
metabolic  l>alance.  By  means  of  the  carbohydrate  enzymes  it  obtains 
glticosc  and  Icmloae  from  glycogen  or  cane  sugar,  or  other  carbo- 
hydrate reserves,  and  by  these  it  is  able  to  carry  on  its  oxidations 
and  respiration  under  conditions  of  lack  of  oxygen  and  acidosis  which 
ic  cannot  otherwise  withstand.  Thus  in  the  liver  any  acidosis  is  at 
onee  accompanied  by  the  transformation  of  some  glycogen  into  glucose 
for  the  protection  of  the  respiration  of  the  liver.  The  proteolytic 
enzymes  attadc  the  protein  of  the  cell,  setting  free  ammonia  from  thera 
by  means  of  whicL.  the  cell  acids  are  neutralized.  Thus  ever^'  acidosis 
in  the  body  is  at  once  accompanied  by  the  increase  of  proteolysis  in  the 
cells  and  Die  appearance  of  ammonia,  so  that  by  iiiaiiy  physiologists 
Ihe  apiMiaranee  of  more  amuionia  in  the  iirine  is  rt-garded  as  trharau- 
teristic  of  acidosis.  The  autolytic  digcsliou  of  proteins  is  distiugui^ed 
from  the  digestion  by  the  digestive  fcnneais  of  the  alimentary  tract 
by  the  production  of  vastly  more  ammonia  iu  the  former  process. 

A  third  marked  change  produced  by  Uic  action  of  acids  iu  cells  is 
a  slowing  do^vn  of  all  the  activities  of  the  cell.  This  is  caused  by  the 
period  of  recovery  from  activity  becoming  much  prolonged;  that  is, 
fatigue  comea  on  much  sooner  when  there  is  a  reduced  alkalinity.  It 
is  for  this  n-ason  that  athletes  are  able  to  wilbstand  fatigue  lunger  if 
they  load  the  blood  with  os^'geu  lirst.  By  tlie  action  of  the  muscles  in 
exercise  lactic  acid  is  produced,  tJiis  is  at  onee  oxidized,  or  otherwise 
removed,  if  plenty  of  oxygen  is  present,  but  it  aecumulntes  and  produoes 
fatigue  if  too  little  oxygen  is  present ;  and  by  its  accumulation  it  chocks 
oxidation,  having  thus  an  autoeatAlytic  action. 

Another  physical  change  pi'oduccd  by  the  accumulation  of  acid  in 
cells  in  small  amounts  is  an  accumulation  of  water  in  tJic  cells  and 
odesia.  The  colloids  of  protopIa.sm  take  up  more  water  In  the  presence 
of  acid ;  this  may  interfere  with  the  circulation  in  tbe  caiic  of  those  organs 
which,  like  the  ItidneyH,  arc  incloKcd  in  a  tough  im^lustie  capsule.  A 
Tieious  cycle  is  thus  inaugiirat»xf,  acid  causing  swelling,  the  swelling 
checking  the  blood  and  oxyprti  supply,  thus  innrnasing  the  prtnlni'tion  of 
acid  and  increasing  swelling.  In  many  eases  the  ingestion  of  alkalies 
in  aueh  conditions  produces  a  sudden  and  mnn'clous  improvement. 

Beguiation  of  Ike  reaction  of  protoplasm.  With  such  grave  consc- 
qocnccs  following  From  any  permanent  derangement  of  its  reaction,  it 
is  Dot  surprising  that  cells  have  varioux  metliods  of  preserving  that  reac- 
tion most  suitable  to  their  activitipt).  The  means  employed  are  in  part 
organic  and  in  part  inorganic.    The  organic  conKist  in  the  setting  free 
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of  the  autolytic  enzymes  already  mentioned  by  meaiis  of  which  ammoaia, 
for  the  aeutralizalioa  ol  the  acid  ia  set  free,  and  glucose,  to  enable  Uie 
cdl  10  ijurvive  the  period  of  depressed  oxidation  caused  by  the  acid. 
There  ia  in  addition  tJie  power  oC  the  protein  constituents  of  tlie  cell  to 
combine  with  avid,  thus  neutralizing  it  We  have,  also,  in  many  cells 
another  meehanisui  which  may  also  be  brought  into  xelotion  with  this 
process,  but  which  is  usually  held  in  abeyance  as  long  a^  carbohydrate 
food  is  present ;  this  is  the  mechanism  of  the  carboxylase.  Ou  the  diges- 
tion of  the  proteins  amtuo-aeids  are  set  free.  By  ueaus  oC  thes«  the  acids 
are  in  part  neutralized  by  the  I'ormatiou  of  salts,  just  as  by  tlic  ammouia, 
but  by  the  action  of  the  carboxylases  the  carboxyl  group  of  the  amino- 
ncid  is  split  o9  according  to  the  following  equation, 


CH^.CHNU^.COOH 


£thfl  atniti«. 

and  a  base  is  left  with  much  greater  acid-combining  powcrij  than  the 
omino-acid  itself.  These  ttinincs  play,  also,  in  the  mammalian  organism 
another  important  role,  since  some  oE  them  arc  strong  stimulants  o£ 
the  heart  or  vaso-ditators,  thus  increasing  the  circulation  through  th« 
parts  and  hastening  the  removal  of  the  acid. 

In  the  simpler  organisms,  but  nltto  playing  an  important  part  in  tlio 
higher,  are  llie  inorganic  saff?guards  against  aeidosis.  These  are  pri- 
marily the  uarbouales  and  phosphates.  There  are  considerable  amounts 
of  both  these  salts  in  all  protoplasm  and  they  have  this  very  important 
function  among  others.  They  act  as  buffers,  in  that  they  can  take  up  a 
good  deal  of  acid  with  a  very  slight  change  in  acidity.  Sodium  acetate 
has  a  similar  power.  They  owe  these  powers  to  the  fact  that  both  car- 
bonic acid  and  phosphoric  acid  are  very  weak  acids,  so  that  when  acids 
such  us  lactic,  or  oxybutyric,  or  almost  any  other  acid,  are  produced  in 
tlie  cell,  the  acid  so  formed  at  once  takes  the  base  away  from  tlie  car- 
bonate, making  bicarbonate,  which  is  scarcely  at  all  acid.  If  still  more 
acid  is  formed,  carbon  dioxide  is  set  free,  which  is  a  very  weak  acid  and 
which  escapes  from  the  cell  with  the  greatest  ease.  The  phosphates,  also, 
play  a  part,  although  they  are  held  rather  in  reserve,  as  phosphoric  acid 
is  stronger  than  carbonic.  There  is  in  tlie  cell  a  mixture  of  disodium 
hydrogen  phosphate  and  diJiydrogeu  sodium  phosphate.  The  acid  pro- 
duced is  neutralized  by  the  base  taken  from  the  former.  The  former  is 
alkaliufl,  the  laltor  slightly  acid  in  reaction.  H.XaPO,  ionizes  very 
little  into  H  and  HNaPO,,  so  that  the  number  of  hydrogen  ions  is  only 
very  slightly  increased.  Moreover,  there  are  some  KaHPO^  ions  from  the 
NttjIIPO,  which  still  further  check  the  ionization.  The  equilibrium  of 
tliis  reaction  has  been  studied  by  Henderson. 

To  sum  up,  Uien,  thit  production  of  acid  in  cells:  The  immediate  effcet 
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of  this  acid  is  to  cAuee  the  protein  g«l  to  abaorb  water  at  the  point 
formation  of  tb«  acid  and  to  become  more  fluid.  Possibly  the  liquefactioiJI 
ol  the  protojilaam  of  the  amceba  at  certain  regions  has  this  cause.  The 
aotivitxes  of  iirotoplaam  are  almost  certainly  due  to  this  action,  in  part 
at  any  rate.  Tliis  acid,  if  it  is  not  oxidized,  accumulates.  It  checks  oxi< 
datioa.  It  is  in  part  neutralized  by  tlie  following  reactions,  which  are 
written  for  lactic  acid,  C,H«Oi : 

1.    CHO  -f-N»  HPO  =K»CHO  4-N.ai  PC 
IL    C  H  5  -i-  N«  CO  =  NaC  H  O  +  NaHOO 
Oil.    C,ilA+Prot«mNa  =  HProt«iii  +  NaC,H,0^ 

'.    Protein  4- Proteftae:=Amiai>Bci<ti-)-l'rateAH 
C  H  O   -J- Amino-aciJ  =^  Aniiiio-aoid  C  H  0 
,    Amiuo-acid  4-  DctUDid&K«  =  Nil    -j.  Oxy^cid  -f-  DeamUAse 


VL 


Amino-Kid  +  Corbosjrlnac  =  Amine  4.  CO  +  Oarbtujrlasc 


Catalysis. — The  mechanism  of  protoplasm  certainly  involves  the 
passage  of  water  into  and  out  of  the  cell  or  of  the  cell  elements.  Tliis 
movement  of  water  back  and  forth  is  in  its  turn  probably  to  be  ascribed 
to  a  varying  aiUnity  of  the  protoplasmic  colloids,  whether  protein,  carbo* 
hydrate  or  lipin,  for  water  and  in  part  to  the  varying  osmotic  pressure 
of  the  cell  cimlents.  It  has  been  suggested,  and  the  evidence  is  on  the 
whole  favoi-able  to  the  view,  thai  tliis  varying  afliuity  of  the  colloids  for 
water  is  due  in  large  measure  to  the  varj-iug  reaction  of  the  protoplasm, 
often  a  variation  of  a  strictly  local  nature,  due  to  the  production  of  acid 
in  the  course  of  the  cell  metabolism.  This  consideration  led  to  the  discus- 
sion of  those  ehemical  processes  by  which  acid  is  produced  and  got  rid  of 
and  by  which  the  colloids  of  the  cell  are  made  and  broken  dowu.  These 
chemical  changes  are  the  source  of  the  energ>'  which  moves  the  water 
and  animates  the  machine.  While  these  chemical  processes  are  very 
diverse  in  their  nature  and  may  be  considered  in  each  tissue  in  turn, 
Uiey  arc  all  alike  in  that  they  proceed  at  a  rate  much  superior  to  that 
at  which  they  go  on  outside  of  the  cell  when  under  simitar  conditions 
of  temperature.  This  superior  rate  of  reactions  in  protoplasm  is  due  to 
th«  fact  that  these  reactions  arc  hastened  or  catalyzed,  aud  it  is  this 
process  which  we  have  now  to  examine. 

The  word  catalysis  is  from  the  Greek  kata,  meaning  down,  and  lysis, 
to  loosen.  Literally  a  down  loosening,  it  has  come  to  mean  the  linHtening 
of  B  chemical  reaction  by  a  third  substAnco.  tlie  catalyst,  which  emerges 
at  the  and  of  the  reaction  imohanged  in  amount,  or  nearly  unchanged, 
since  all  subetonocs  are  more  or  less  unstable,  and  which  accordingly  has 
appeared  to  act  only  by  means  of  its  presence.  But  while  it  appears  to 
have  acted  by  its  presence  only,  there  is  no  doubt  that  in  many,  if  not 
in  all  cases,  it  has  actually  entered  into  the  reaction  at  some  stnge  or 
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Dtlier,  but  has  become  free  again.    There  arc  B  great  number  of  reactions 

of  this  kind  known  outside  of  colls.    For  oxamplo,  hydrogen  and  oxygen 

gas  do  not  conibino  at  a  measurable  speed  at  onlinai-y  lompcratures, 

although  they  will  combine  at  higher  temperatures.    It  is,  liowever,  to  he 

inferred  that  they  do  unite  at  ordinary  temperature,  but  at  «o  alow  a 

Brate  that  it  is  not  measurable  in  Die  times  ao  far  studied.    But  if  Uiis 

B  mixture  of  gases  is  passed  over  finely  divided  platinum,  union  takes  place 

Hand  at  a  rate  so  great  tliat  it  beats  Uk  platinum.  In  Uits  case  the  platinum 

Bis  the  catalyst.    Another  esampio  of  a  catalytic  reaction  is  the  uuion  of 

sulphur  dioxide  and  oxygen  to  sulplmrii*  acid  in  tlio  lead  chamber  process 

of  sulphuric  acid  manufacture.     The  preseuce  of  nitric  Irioxide,  N,Og, 

Bl»^tens  this  reaction,  the  nitric   trioxide  appearing  at  the  end  in 

unchanged  amount.    Water  is  ouu  of  the  most  important  catalytic  agents 

known.    Thus  pcrft-'ctly  dry  ttiniiumia,  Nil,,  and  IK'l  will  not  unite  witti 

measurable  speed,  nor  will  ammonium  cliloridc  dissociate  into  Nil,  and 

HCl  in  the  absence  of  water.    The  presence  of  a  very  minuto  amount  of 

water  catalyzes,  or  hastens  both  reactions.    AVater  is  necessary  for  the 

B  rusting  of  iron,  or  for  tbe  union  of  ehloriuo  and  hydrogen.    In  fact, 

Ban  enormous  number  of  iT>aL'tiou8  are  <.'alalyzed  by  water. 

B        To  undenitand  how  catalyliu  agtinls  may  hasten  reactions,  we  must 

B  first   consider  tbe  factors  which    determine  tJie   velocity  of  ordinary 

B  rractJons. 

B  The  velocity  of  a  chemical  r«action  is  dii-octly  proportional  to  the 
cliemical  affinity,  and  inversely  proportional  to  the  chemical  resistance. 
There  is  as  yet  no  good  means  of  mcosuriEg  chomiea!  affinity.  It  involves 
two  factors,  musK  and  allraftiun.  Cliemiual  reaelious  lake  place  in  the 
B  direction  of  doing  the  maximum  of  external  work.  This  is  simply  another 
way  of  saying  that  the  reaction  is  always  in  such  a  direction  that  the 
total  potential  energy  of  Uic  system  reacting  is  reduced  to  a  itiiuiuium: 
^t  in  other  words,  the  reaction  a.^  a  whole,  but  not  necessarily  in  all  its  parts, 
Blways  goes  in  the  direclioa  of  greater  stability  under  the  conditions  of 

I  the  reaction.  By  tie  velocity  of  a  chemical  reaction  is  meant  the  amount 
of  substance  transformed  divided  by  tbe  time.  If  a  gram  of  cane  sugar 
is  inverted  in  ati  hour,  tlie  velocity  of  tlie  reaction  is  1/GOlh  of  a  gram 
a  minute.  The  time  rwjuired  for  luiy  chemical  IruuHfurmatiun  is  evi- 
dently the  sum  of  two  periods,  namely,  the  time  required  for  the  two 
or  more  reacting  moleciiles  to  come  into  contact,  since  chemical  actions 
only  take  place  between  moleculfs  Jn  contaiit  or  more  probably  tliey  only 
take  place  wKen  they  are  united,  that  is  they  only  occur  within  molecules. 
It  is  necessary,  then,  in  order  that  the  reaction  shall  take  place,  for  the 
reacting  species  of  molecules  to  cvnic  into  coutact  and  unite  into  a  singlo 
Riolecule.  Tbe  second  period  of  the  total  time  taken  is  for  tbe  molecu- 
lar rearrangement  to  take  place  which  constitutes  tlie  rvaetion. 
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These  two  periods  of  time  may  b«  illustrated  by  Ihe  reaction  by  which 
Kulphurie  acid  is  made  in  Uio  load  L'haml)*?r  proeess.  The  first  part  of 
the  reaetioa  consists  In  the  time  iiceessai'y  lor  the  fonnatiou  of  Um  inter- 
mu'diatc  compound,  nitrosyl-sulpliurii!  aoid,  and  tlie  seeond  period  the 
tiuic  required  for  the  dec ouipoai lion  of  this  coinpouud: 


I.    SSO  +HO  +  S0  +  NO  =2(S0.0U.NO  ) 
8.    8(SUj.01l>;0j)  +H^0^2HjS0^-i-N^0 


Now  the  flrat  part  of  the  time,  i.e.,  that  required  for  the  molceulea 
to  meet,  will  be  the  shorter  the  mor^  molecules  there  are  in  tUe  ^ace 
in  which  they  arc  confined;  and  evidently  the  spe«d  of  the  traction  will 
be  proportional  to  thu  number  of  molecules  of  each  reacting  spt-tiia  iu 
the  space,  or  in  other  words  to  the  concentration  of  each  of  the  reacting 
epeeiee.  This  general  law  of  chemical  reactions  by  which  the  velodty 
is  proportional  to  the  coneenlration  Ih  known  a.s  the  law  of  mass  action 
and  18  sonieiiiiiea  cullud  the  law  of  GuldlM>rg  and  Wnage,  It  may  bo  put 
in  the  form  of  ati  etiuation  as  follows : 

Amt.  'XransftfrmctJ 

Veloclly=V  = =  K  r^    i  C^ 

Time 

K  being  the  constant  of  proportion  and  C;  and  C,,  being  the  eoneen- 
trations  reapectively  of  the  two  kinds  of  reacting  molecules  a  and  6. 
Since  in  the  abssncc  of  any  special  means  of  keeping  the  concentration 
constant  C  and  C^_  tuitst  of  course  dimiuish  as  the  molecular  speciea 
a  and  &  arc  used  up  in  Uie  reaction,  it  is  obvious  tliat  the  velocity  of  sucJl 
o  reaction  is  not  couKtaut  but  must  diminish  with  ttic  time.  If,  hov- 
flvor,  a  very  minute  interval  of  time  was  taken,  the  velocity  would  remain 
approximately  constant  during  that  time  interval.  If  dx  is  a  very  minute 
amount  of  substance  ti-aosformed  in  the  very  minute  time,  dt,  then  the 
velocity  at  any  instant,  t,  will  be  dx/dt  and  this  will  be  proportional  to 
the  amount  of  substance  actually  present,  and  tlus  will  be  equal  to  the 
amount  A  at  the  start- of  the  reaction  minus  the  amount  x  transformed 
during  the  period,  t,  or  dx/dt=K(A — x) ;  this  is  the  differential  equa- 
tion of  the  velocity  of  s^  reaction  iu  which  only  a  single  molecular 
species  A  is  undergoing  a  change  in  concentration.  It  appli<^,  for 
example,  to  the  hydrolysis  of  cane  sugar,  the  water,  wliieb  is  the  other 
moteeular  species  entering  tlie  reaction,  not  materially  changing  its  con- 
centration,  being  present  in  great  excess.  Since  dx  and  dt  are  too  minute 
for  direct  measurement,  it  is  necessary  to  add  a  great  number  of  these 
together  to  get  a  time  internal  and  an  amount  of  x  which  can  be  meas- 
ured. This  addition  is  the  process  of  iutegi-ation ;  and  if  the  foregoing 
equation  be  integrated,  or  added,  there  is  obtained  the  velocity  equation 
LogA  — Log(A  — I)  s=Ktt  or  Log(A/(A— i)l  =Kt 
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■  being  the  time  front  tbe  beg^uning  o£  Uio  reaction,  A  the  concentration 
of  the  eubslanee  at  tlie  start  and  A — x  th«  concentration  at  the  end  of 
the  interval  t. 

Temperature  ccefficienL    The  velocity  of  this  part  of  the  reaction, 

namely  Ihe  time  required  for  collision  of  the  reacting  molecules,  is  not 

Honly  a  function  of  tlio  concentration  of  the  molcpults,  but  also,  very 

^Miaturally,  it  is  a  function  of  the  speed  of  their  movement;  the  velocity 

of  the  reaction,  or  rnlhcr  nf  this  part  of  it,  miist  hence  increase  with 

Htlie  tcmpcrnlurc.    Most  chemical  reactions  increase  in  speed  with  the 

^tempera  til  re,    however,    at   a  very   mucfi    greater   rate   than   can    be 

accounted  for  by  the  increase  of  velocity  of  the  molecules.    For  moat 

chemical  reacfions  at  temperatures  of  from  10-10'  C.  the  rate  of  the 

reaction  douhica  or  IrobleH  with  a  rise  in  tempemture  of  10',  bat  the 

rato  of  iiiercAKC  is  not  constant,  being  greater  tlian  twii-e  or  thrice  at 

lower  temperatures  and  loss  at  higher.     If  only  the  velocity  of  the 

H  mole<nilRr  movcmrnt  wils  roncenied  in  this  increase  in  the  reaction  veloc- 

BS^y.  the  rate  should  increase  uniforinly  with  the  temperature.     For 

e:[anip1o,  the  average  kinetic  energy  of  all  molecules  at  20°  C.  {293'  Aha.) 

ifl2.015X3C-"*X293  ergs,  and  at  30"  it  is  2.015XlO-"'X303  ergs.    Since 

the  kinetic  energy,  \^  MV,,  is  proportional  to  the  square  of  the  velocity 

of  movement,  the  velocity  of  the  reaction,  which  is  proportional  to  the 

q)«ed  of  molecular  movement,  at  30'  should  be  to  that  at  20*  as  the 

square  root  of  303/293  or  1.017.    It  is  evident  from,  this  calculation,  as 

the  actual  increase  is  2-3  times  this  amount,  that  chemical  reactions  are 

I  increased  by  a  rise  of  temperature  in  some  other  way  tlian  exclusively 
by  the  increase  of  velocity  of  molcitular  movement.  This  brings  us  to 
the  sei'ond  period  in  a  chemical  reaction:  namely,  the  time  rcqnircJ  for 
the  molecular  rearrangement. 
Chrmkal  resistance.  If  it  be  admitted  that  rearrangement  only  takes 
place  within  the  molecule,  if  in  other  words  it  is  admitted  that  molecules 
really  interact  only  when  comhiucd,  a  loDger  or  shorter  period  of  time 
will  be  necessary  for  Ihe  molocular  rear  range  iiienl  to  lake  place  by  which 
the  rea<*tion  is  consummaled  and  the  new  molecular  species  are  formed. 

I  Now  this  inframolcKulnr  rear  ran  geincnt  can  only  spontaneously  occur  in 
the  direction  of  printer  molecular  stability;  that  is,  of  leas  potential 
eneno'<  Tliia  brings  us  to  the  question  of  the  resistance  to  chemical 
rea<*tione.  Wliilc  very  little  is  isnown  about  this,  it  is  not  impossible 
that  it  eonaista,  in  a  measure  at  auy  rale,  in  the  stability  of  the  molecular 

I  form  of  the  molecnlc.  The  atoms  are  probably  packed  verj'  eloBcIy 
together  in  a  molecule.  The  rcfiistanee  to  movement,  or  the  internal 
niolcrular  friction  oppasing  the  molcculiir  rearrBiigemcnts,  may  be  either 
high  or  low,  but  it  is  often  high.  The  length  of  time  union  between 
molecular  species  porsista  before  rearrangement  lakes  place,  and  tht 
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reaction  is  ended,  is  extremely  varialtle.  In  some  eases  the  time  is  long 
and  the  intermediate  substances  are  hence  so  stable  that  tliey  may  be 
isolatwi  in  quantities;  in  other  cases  the  resistance  1o  rearrangement  {s 
so  slight  th&t  the  reaction  takes  place  almost  instantaneously  and  these 
intermediate  compounds  ai-e  so  unstable  that  Lhey  cannot  he  isolated  and 
often  tlieir  existence  van  only  be  inferred  from  the  character  of  the 
tranaformation.  It  is,  for  example,  very  diflicult  ofton  to  prove  that 
molecular  oxygen  unites  with  the  substance  oxidized  before  the  reaction 
is  consummated,  but  oxyhemoglobin  is  such  an  intermediate  substance 
which  in  the  absence  of  cither  alkaline  or  acid  reaction  is  fairly  stable 
and  may  be  isolated.  Since  a  riae  In  temperature  increases  the  motion 
of  the  atoms  in  the  molecule  and  thus  increases  their  lability,  it  shoilens 
the  period  of  the  reaction  by  shortening  the  time  taken  up  in  the  inter- 
mediate stage  and  so  hastens  the  reaction.  It  accelerates  by  diminishing 
the  resistance,  but  docs  not  so  greatly  nlTcnt  the  chemical  aflmitics.  Heat 
having  this  double  action  accelerates  cheinieal  roactioas  more  than 
physical.  Nearly  all  vital  reactions  or  activities  are  doubled  or  trebled 
by  a  rise  of  temperature  of  10°  between  the  limits  1040'  C. 

The  action  of  a  catalyst  may  be  pictured  in  very  much  the  same  way 
as  the  action  of  heat,  in  that  the  chemical  resistance  is  reduced,  so  that 
the  timo  required  for  the  intermediate  stage  of  the  reaction  is  greatly 
shortened  and  hence  the  reaction  is  hastened.  For  example,  it  is  prob- 
able that  the  reaction  in  the  union  of  hydrogen  and  oxygen  to  form  water 
involves  the  intermediate  formation  of  hydrogen  peroxide,  thus 

1.  H  +o,  =  n,o. 

2.  2fi,0,  =2U,0  +  0. 
Finely  divided  platinum  bus  the  jiiopt-rty  of  rendering  hydrogen  perox 
ide  so  unstable  that  it  dccompuses  with  great  xpcecl,  so  that  the  total 
time  required  in  the  reaction  is  enormously  shortened,  f  here  can  be 
verj-  little  doubt,  also,  of  the  manner  in  which  this  hastening  is  produced. 
It  is  found  that  any  substaneo  which  will  unite  with  the  platinum,  and 
thus  presumably  occupy  the  bonds  of  the  platinum  where  the  hydrogen 
peroxide  ordinarily  takes  bold,  will  poison  or  prevent  the  action  of  the 
platinum.  Tbua  hydrogen  sulphide  or  t-arbou  bisulphide  are  true  poisons 
of  this  catalysis.  It  is  probable,  tlierefore,  that  in  the  presence  of 
platinum  there  are  tlicsc  reaction: 

1.  H    4.0,=HO 

2.  2HjOj+Pt  =2HjOjPt 
.1.     211  O  Pt  =  20  0  4-  O    -1    Pt 

Another  reaction  of  this  same  type  where  the  action  is  ha.vLeued  by  the 
formation  of  an  intermediate  union  between  the  catalyst  and  an  inter- 
mediate product  of  the  reaction  is  that  of  the  formation  of  ether  from 
alcohol  by  the  action  of  sulphuric  acid. 
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ABOther  fundamental  property  of  L>atalytiu  agents  U  that,  in  many 
caws  at  any  rate,  Uiey  do  not  change  the  point  of  equilibiHum  of  revers- 
ible rcaclions.  A  great  many  reactions,  possibly  all  of  Ihem,  never  go 
completely  to  au  end.  Tlitsy  uppurenLly  come  to  rest,  but  it  Is  found  that 
there  is  moro  or  less  of  the  unchanged,  reacting  aubstanoe  still  present 
when  this  happens.  Such  reactions  are  eaid  to  be  reversible.  It  is  char- 
acteristic of  the  common  reversible  reactions  that  very  little  enei^y 
exchange  takes  place  in  them.  Sueh  a  reversible  reaction  is  that  gen- 
erally cited  between  awitie  amA  and  elhyl  al(>ohol.  If  acetic  acid  and 
alcohol  are  mixed,  union  lakes  place  between  them  with  the  formation  of 
Clliyl  acetate.  The  reaction  apparently  comes  to  an  end  when  there  are 
30  molecules  each  of  alcohol  and  acetic  acid  and  BO  of  the  ethyl  acetate. 
If  ethyl  acetate  be  dianolved  in  water,  it  will  break  up  into  acetic  acid 
and  alcohol  until  tlie  three  reacting  molecules  are  present  in  the  same 
proportion  as  before.  This  point  is  called  the  point  of  equilibrium  o£ 
the  reaction. 


O.«,0.  +  O.H.OH 


G,H^.O.CO.CH,-|-H,0 


This  reaction  goes  in  tlie  left-handed  direction  if  ethyl  acetate  is  diK- 
twlved  in  water,  and  in  the  right-handed  if  a  start  is  made  with  atrohot 
and  acid.  At  the  time  of  equilibrium  the  reaction  has  not  stoppc-d,  but 
is  going  on  in  such  a  way  that  the  number  of  molecules  of  acetate  break- 
ing up  is  just  equal  to  the  number  being  formed  in  any  time  interval. 

This  reaction  may  be  catalyzed  by  lipase,  an  enzyme  or  catalytic  agent 
found  in  cells,  but  it  is  found  that  while  the  point  of  cquilibrhira  is 
reached  in  a  sliorter  time,  it  has  not  chauged  the  relative  ooneontration 
of  tlie  resoling  molecules.  The  fact  that  the  point  of  equilibrium  of  the 
reaction  is  not  ohange<l  by  the  cataly.<it  means  that  the  catalyst  must 
accelerate  the  rcactiomi  in  each  direction  equally,  otherwise,  in  any 
interval  of  time,  there  would  bo  more  mohiculc-s  of  acid  and  alcohol  unit- 
ing than  of  ethyl  acetate  breaking  up,  or  vico  versa,  and  the  point  of 
equilibrium  would  be  shifted.  On  the  tlieory  of  the  catalysis  being  due 
to  tho  formation  of  an  intermediate  unstable  stage,  this  behavior  is 
readily  understood,  since  liie  reaction  has  to  pass  through  this  stage  in 
whichever  direction  it  is  going.  This  fact,  that  the  catalysts  catalyze 
equally  both  reactions  in  a  rev<'rsible  reaction,  is  known  as  the  reversible 
action  of  emymss.  It  was  first  observed  in  the  case  of  the  enzyme 
maltase.  This  catalyzes  the  union  of  glucose  to  form  maltose  and  water, 
and  of  maltose  and  water  to  form  rIucosc.  It  hiis  since  been  shown  also 
for  other  reversible  reactions  and  other  catalysts.  Kaatio  and  Loevcnhart 
showed  the  reversible  reaction  of  lipase,  and  Taylor  reported  the  revers- 
ible synthesis  of  protamine  by  a  proteolytic  enzyme. 

The  intermediate  hody  composed  of  catalyst  and  reacting  niolecales 
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is  generally  unstable,  but  it  h  conceivable  tliat  w)ien  it  is  formed  it 
might  in  some  way  he  rendered  more  stable.  If  this  were  the  case,  we 
aliould  have  a  complex  formed  of  oozyme  and  various  species  of  reacting 
molecules  which  mif^ht  bo  vcr>'  complex  and  stable  within  narrow  limits. 
It  is  possible  that  the  eynthcsia  of  amino-acida  to  mahe  proteins,  and 
other  syntheses,  arc  brought  about  in  this  way  in  protoplasm,  the  proto- 
plasm being  essenltally  composed  of  Die  etizymes  united  with  the  sub- 
stances upon  which  Utey  act.  The  substance  making  the  intermediate 
Htage  stable  might  be  called  an  anti-ferment 

The  catalytic  a{rcjil»  of  cells  are  known  ns  enzymes,  a  word  meaning 
literally  in  yeaat,  from  the  Greek,  en,  in ;  rj/mc,  leaven.  An  enzyme  ia  an 
organic  catalytic  agent  found  in,  or  isolated  from,  living:  matter.  Those 
catalytic  agents  are  very  numerous  and  it  is  to  them  tliat  the  activity  of 
living  protoplasm  in  a  chemical  sense  is  due.  Some  of  these  enzj-mes  are 
easily  isolated  from  cells;  they  arc  exooelhilar;  sueh  are  the  various 
digestive  cnzyinCH,  pepKin,  trypsin,  invertin,  ptyatin,  mnltnsc,  and  the 
alcoholic  enzj-me,  zymase.  Others,  however,  have  not  yet  been  isolated, 
and  the  more  fundamental  reactions  of  living  matter,  such  as  the  oxida- 
tions  or  the  preliminary  fragmentations  of  the  molecule,  are  apparently 
due  to  some  cnzjTue  of  a  very  unstflble  kind  which  is  firmly  tied  to  the 
structure  of  the  cell.  It  may  be  that  for  these  reactions  the  simultaneous 
pKsence  of  two  or  more  contiguous  or  loosoly-bound  enzymes  may  be 
neccssaiy,  so  that  by  separating  Ihcm  Uieir  action  is  lost.  At  any  rate, 
it  has  so  far  been  impassible  to  bring  about  the  synthesis  produced  by 
the  cell  if  the  structure  of  tlie  cell  is  first  destroyed. 

There  are  a  great  variety  of  enzymes  found  in  cells;  among  them  arc 
those  which  produce  hydrolyses,  such  as  the  digestive  enzymes,  and  by 
whose  action  the  synthetic  formation  of  various  colloidal  constituents 
may  be  explained,  oxidases,  peroxidases,  catalascs  and  various  enzymes 
producing  fermentations  such  as  xyicuM.  Among  the  hydrolytio  enzymes 
may  be  mentioned  invertin,  maltaso,  Incense,  amylase,  dojctrinase,  eylase, 
emulsin.  rayroein,  pepsin,  trypsin,  erepsiii,  pi-obably  rennin,  and  other 
proteases ;  the  esterases,  such  as  various  lipases ;  deamidizing  enzymes, 
such  as  adenase,  guanase;  arginase;  nucleases;  and  glyoxalnsc.  It  is 
possible  that  these  enzymes  form  part  of  the  organized  protoplast,  and 
their  hydrolytie  acti\'ily  is  eheclicd  by  the  presence  of  anti-enzymes,  par- 
ticular conditions  of  alkalinity  and  bo  on. 

The  physical  chemistry  of  oxidation. — Since  the  whole  of  the  energy 
uaed  in  the  production  of  liWng  phenomena  comes  immedintcly  or  sec- 
ondarily from  the  oxidation  of  the  foods,  an  undoretandino  of  the  process 
of  oxidation  is  necessary  before  vital  processes  can  be  understood;  a 
short  account  of  the  theorj&s  of  the  nature  of  oxidation  may  be  given  at 
this  place.    There  are  two  kinds  of  oxidations  going  on  in  living  matter : 
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namely,  lliose  taking  plncc  at  the  expense  of  the  oxj-gen  of  Ihc  air,  and 
tJiosft  in  which  tlic  oxidnlion  is  produced  by  easily  rediieibte  food  sub- 
stanefS  or  their  meUbolic  fragments.  The  first  i)rocesa  is  called  aerobic 
r^^8piPBtion;  the  swond  anaerobic  In  aerobk  respiration  Uic  oxidizing 
ngt'iit  is  the  oxygen  of  the  air. 

The  terra  oxidation,  which  literally  means  a  -prw^ss  of  souring,  from 
the  Greek,  ojys,  aeid,  includes  in  cheruistrj'  not  only  prouessos  which 
invol%-e  th*-  transfer  of  oxygen,  but  it  is  used  lo  signify  any  process 
whirh  rcHiiIts  in  the  increase  of  the  number  of  positive  Talencea,  or  the 
diiiiinntion  of  negative  valences  of  a  eontpound,  wliethcr  this  is  produced 
by  oxygen  or  some  other  agent.  Thus  the  reaction  between  ferric  chloride 
and  potaaaium  iodide  by  which  iodine  is  set  free  is  called  au  oxidation,  the 
iodide  beinp  oxidixod  by  the  ferric  chloride.    The  reaction  is  as  follows; 

^f  ^.  3Cf  +  K  -f  I  =  Fp  -f-  3CI  +  K  -J.  T 

It  will  be  seen  from  the  ionic  reaction  that  the  oxidation  has  really 
involved  the  passage  of  a  positive  charge  of  electrieity  from  tlic  ferrie 
atom,  which  is  the  oxidizing  reagent,  to  the  iodine  atom  or  the  passage 
of  a  negative  electrical  chaj'gc  from  ihe  iodine  ion  to  the  Ferric  ion,  thus 
reducing  it.  It  will  be  noticed  iJiat  there  cannot  be  an  oxidation  without 
a  corresponding  reduction.  A  similar  reaction  is  that  between  nitric 
acid  and  silver,  lending  to  the  formiition  of  silver  nitrate.  This  may  be 
written  as  follows  from  the  ionte  point  of  view: 

KO,-f  On  +  Ag=Ag  +  0H+M0, 

In  this  reaction  it  will  be  seen  that  the  oxidizing*  reagent  is  the  ion,  NO., 
whieh  has  a  positive  ohargo  held  at  n  very  high  potential,  and  that  this 
is  the  cause  of  the  oxidation  of  the  metallic  silver  to  iho  positively 
charged  Ag  ion.  It  may  ut  Brst  s-eeiu  unlikely  that  nitric  acid  should 
dissociate  in  thiK  way  into  XO.  and  Oil,  but  it  i.s  not  by  any  means 
impossible  that  such  a  dissociation  in  small  amounts  takes  place.  The 
weaker  (he  acid  is,  the  mon;  likely  it  is  to  ditisoeiatc  Homcwhut  as  a  baao 
m  well  aa  an  acid.  Water,  for  example,  functions  both  as  a  base 
and  an  acid.  Boric  acid  is  nearly  as  basic  as  it  is  acid.  Hypo- 
chlorous  acid,  HC'IO,  is  also  a  verr  weak  aeid  and  probably  dissoeiates  in 

this  way  in  part  into  CI  l-OH;  the  positive  chlonne  being  the  active 
agent.  It  will  be  observed  that  in  all  the  oxidations  of  this  typo  a 
hydroxyl  group  combines  with  tho  oxidized  substance.  Another  reaotitm, 
an  oxidation  which  docs  not  involve  oxygen,  is  the  oxidation  of  xinc  by 
au  acid.    In  this  case  there  is  the  reaction 


Zn^  +  Ji  +  2Cl  =  ^n  +  2CI  +  H, 
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In  tbis  n»LCtion  the  hydrogen  is  the  oxidizing  agent  giving  up  a  positive 
charge  to  tJio  sine  which  is  thus  oxidized.  Similarly  all  processes  of  oxi- 
dation, toxM  wo  trace  them  out,  would  be  found  to  involve  the  transfer 
of  a  negative  electron  from  one  element  to  another,  the  one  which  receives 
it  being  reduced  and  tlic  element  losing  the  negative  charge  being  thun 
rendered  more  positive  and  being  said  to  be  oxidised. 

Whether  the  foregoing  picture  of  the  process  of  oxidation  be  in  all 
particulars  right  or  not,  it  is  heyond  question  that  the  oxidation  does 
involve,  in  all  cases  in  which  the  process  can  be  watched,  the  transfer 
of  positive  and  negative  electrical  pai-ticles  or  electrons,  and  that  this  is 
tlie  essence  of  the  process.  Moreover,  the  more  easily  a  substance  gives 
up  a  negative  charge  the  more  actire  will  it  be  as  a  reducing  agent ;  and 
similarly  Uie  more  easily  it  gives  up  a  positive  charge,  or  aitquircis  a 
negative,  tlie  more  active  will  it  be  as  an  oxidizing  agent.  Oxygen  acts 
as  an  oxidizing  agent  hecauKe  it  has  a  great  tendency  to  take  away  a 
n^ative  charge  from  other  substances  and  go  over  into  l-he  form  of  au 
ox>'gen  ion,  or  of  electro-negative  oxygen. 

The  great  importance  of  this  theory  from  the  point  of  view  of  phj-sio- 
logical  ehomistty  is  that  it  shows  at  once  that  every  oxidation  in  proto- 
plasm is  at  the  bottom  an  electrical  process  involving  the  transfer  of 
fileetrical  charges.  lu  otlier  word.s,  an  electrical  disturbance  of  some 
kind,  albeit  possibly  within  molecular  dimensions,  must  occur  in  every 
combustion  in  the  protoplasm.  It  thus  furni>>heK  a  point  of  attack  of  the 
origin  of  the  electrical  disturbance  which  are  so  rharucteristic  of  living 
matter  of  all  kinds  and  enables  an  understanding  of  the  disappearance 
of  these  currents  when  the  respiration  of  the  protoplasm  is  pi*evcnted. 

While  ordinarily  the  transfer  of  the  electrical  chariro  from  one  atom 
to  another  releases,  directly  or  indirectly,  in  the  form  of  heat  energy 
which  had  been  potential,  under  suitable  conditions  this  energy  does  not 
take  the  form  of  heat,  that  is  of  indiscriminate  molecular  vibrations,  but 
of  a  steady  migration  of  \he  ions,  the  positive  in  one  direction,  Oie  nega- 
tive in  another,  no  that  we  have  an  electrical  current  which  can  do  work. 
This  happens  in  the  particular  arrangement  which  is  called  a  buttery.  If 
B  piece  of  zinc  is  placed  in  a  solution  of  sulphuric  acid,  it  dissolves  with 
the  liberation  of  hydrogen  fras  and  of  much  heat.  In  this  case  the  oxidiz- 
ing substance  is  the  hydrogen  ions  of  the  acid,  and  the  oxidized  substance 
is  tlie  zinc  which  escapes  into  aolution  as  a  positive  ion.  The  heat  may 
be  due  to  the  violent  separation  of  the  zinc  and  hydrogen  after  the  trans- 
fer of  the  charge  from  one  to  the  other.  Tf.  however,  the  zinc  be  placed 
in  a  solution  of  zinc  sulphate,  and  this  is  in  contact  through  a  porous  cup 
or  directly  with  a  soiulion  of  copper  sulphate  in  which  is  a  plate  of  cop- 
per, and  if  the  copper  and  the  sine  arc  connected  with  a  wire,  the  nine  dis- 
solves as  it  did  before,  and  copper  is  deposited,  but  there  is  no  appear- 
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ance  of  heat  or  very  little,  but  instead  an  electrioal  curr«iit  is  prodaced 
from  the  £uie  to  tho  copper  in  the  solution  and  io  die  opposite  direction 
outside.  This  reaction  ia  a  true  oxidation-reduction  reaction.  In  this 
case  the  aac  dissolves  extremely  slowly  when  the  battery  is  not  short- 
circuited,  that  i*  when  the  zinc  and  copper  are  not  coiinected,  for  tho 
reason  that  there  are  in  a  zinc  sulphate  solution  so  very  few  hydrogen 
ions  to  oxidir^  the  zinc ;  but  as  soon  as  the  connection  is  made  with  the 
iHjpper,  the  copper  ions  in  the  solution  which  have  a  greater  oxidizing 
potential  Oian  the  hydrogen  are  able  to  give  op  their  cJiargea  to  the  cop- 
per plate  and  these  chat^:es  are  conducted  by  the  wire  to  the  zinc  plate, 
lliUH  oxidii:ing  the  zinc  ao  that  it  can  go  into  solution  as  a  positive  ion. 
This  is,  as  it  were,  an  oxidation  at  a  distance,  the  oxidizing  and  reducing 
agents  not  being  in  direct  anion,  but  indirectly  through  tlie  copper  plate 
and  wire.  Thore  is,  of  course,  some  loss  of  energy  as  heat  produced  by 
the  movement  of  the  ions  through  the  solution  and  in  part  by  the  move- 
ment of  the  electrons  through  the  wire,  but  the  Iors  Ik  not  great.  The 
important  point  is  that  the  processws  in  a  battery  which  give  rise  to  the 
electrical  phenomena  of  the  battery  are  oxidation-reduction  processes. 

It  is  not  inconc-eivable,  although  it  has  not  yet  been  possible  to  prove 
it,  that  the  electrical  phenomena  of  protoplasm  might  arise  directly  in 
this  way  from  the  oxidatiou-reductioo  phouomona  of  protoplasm.  They 
may,  however,  have  an  indirect  relation  to  the  oxidation,  as  has  been 
pointed  out. 

In  order  that  the  oxygen  of  the  air  shall  oxidize  it  must  first  go  into 
solution.  It  is  only  in  the  presence  of  water  that  oxygen  has  the  power 
of  oxidizing  rapidly.  The  first  question,  then,  is  the  mechanism  of  the 
oxidation  by  oxygen.  What  happens  to  oxygen  when  it  goes  into  solution 
in  water  T  This  raises  a  most  fundamental  question,  to  which  no  definite 
answer  can  at  present  be  given ;  there  have  been  several  answers. 

The  firat  view  is  that  of  van't  Hoff.  According  to  him,  the  oxygen 
probably  ionizra  when  it  goes  into  aolntion  in  water,  splitting  into  a 

f  -  t- 

small  number  of  0  and  0  ions.    Tt  is  Ihn  O  ions  whirh  hov«  the  oxidizing 

power.  Il  has  not  yet  been  possible  to  prove  that  such  an  ionization 
takes  place,  although  something  similar  appears  to  happen  in  many  gases 
at  high  tempprnturos,  dissociation  into  atoms  taking  place.  It  is  also  sug- 
gesled  by  others  ihat  all  prnc-faies  of  ionization  involve  a  union  between 
solvent  and  ionizing  substance  and  this  view,  while  not  entirely  incom- 
patible with  the  foregoing,  will,  If  substantiated,  cause  some  modification 
of  the  explanation. 

,  Another  view  Is  that  of  Traubc,  according  to  which  the  oxygen  always 
unites  with  the  water  to  form  hyilropfn  peroxide,  which  is  the  real  oxi- 
dizing agent    The  reaction  might  be  written  as  follows : 


■ 
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2H,0  +  0^  =  2H^O, 

This  view  leaves  unexplained  the  cause  of  the  oxidizing  povei  c 
lydrogen  peroxide. 

There  is  a  growing  amount  of  evidence  that  all  tru6  solutioi 
process  of  chemical  union  between  the  solvent  and  solute,  pt 
through  the  extra  valences  on  the  molecules  of  the  two  kinds.  I 
be  that  the  oxidation  is  similar  to  that  of  the  oxidation  by  chlor 
bromine.  When  bromine  dissolves  in  water  it  is  known  to  form 
bromous  acid,  bromates  and  bromide.  Tlie  reactions  might  be  n 
as  follows  on  the  basis  that  the  interactiou  of  the  water  and  the  bi 
can  only  take  place  when  a  chemical  union  exists  between  them: 

1.  2(Br^)+2H^0=  (211^0)  (Br^)^ 

2.  (211  0)  (Br  )    =  2nBr-|-2HOBr 

3.  HBrO  =  H  +  OBr ;  or  HBrO  —  Br  -f  OH 

Or  the  reaction  might  be  witli  the  wat«r  moleculca  (HO) 

1.  2Br^+(H^0),  =  BrJH^0)^ 

2.  H  0  Br  =r  SHBr  +  HOBr  +  H  O 

Since  the  ion,  BrO,  has  little  or  no  oxidizing  power,  and  the  po 
the  hydrogen  ion  is  very  much  less  than  the  solution  possesses,  ti 
dizing  agent  would  be  the  positive  bromine  obtained  from  the  bi 
hydrate. 

The  oxidizing  power  of  oxj'gen  may  bo  represented  in  the  sann 

1.  20,  +  3H^0  =  H^Oj  =  2O0H  +  H^O^  +  H^O 

2.  OOI1  =  0  +  OH 

The  oxidizing  agent  would  be  the  oxygen  hydrate.  Tlic  above  n 
would  be  in  case  the  oxygen  is  monovalent  in  the  gaseous  form, 
were  bivalent,  the  reaction  would  be 

20^  +  3UO:=0(OH)^  +  2H^O^ 

These  reactions  would  account  for  the  general  appearance  of  hy 
peroxide  daring  the  reaction.  They  arc,  of  coarse,  in  the  case  of ' 
purely  hypothetical,  since  neither  0(0H),  nor  OOH  have  been  is 
There  are  two  facts,  however,  which  are  undoubted:  one  is  that  the 
of  the  oxygen  is  enormously  more  rapid  in  the  presence  of  wat< 
that  hydrogen  peroxide  is  formed  accompanying  many  oxidatio 
would  seem,  therefore,  that  a  union  of  some  kind  between  the  water  i 
oxygen  certainly  precedes  the  oxidizing  process.  The  solubility  of 
clearly  indicates  this  also,  since  the  solubility  is  greater  than  th 
completely  indifferent  gas  such  as  hydrogen,  or  helium.  Then 
doubt,  either,  that  in  the  cose  of  the  halogens  the  acids  eorrespon 
hypobromoua  acids  are  always  formed  when  tliey  dissolve  in  wat' 
it  is  equally  certain  that  the  oxidizing  power  of  the  metals,  i 
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[OH )  s,  is  due  to  the  presence  of  hydrates  in  the  solutions.  The  facts 
,  then,  that  the  exact  behavior  of  oxygen  iu  water  is  uncertain,  so  that 
li  impossible  to  say  just  what  tlie  oxidizing  principle  really  is.  It  is 
noting  that,  if  there  is  in  protoplasm  a  substance  which  will  com- 

I  with  oxygen  in  the  way  supposed  for  the  water,  it  will  form  just 

la  union  with  the  oxygen.    Hemoglobin  is  such  a  substance. 

Bumtnary. — ^We  may  summarize  as  follows  the  results  of  the  study 
physical  chemistry  of  protoplasm  made  in  this  chapter.  Proto- 
tbat  is  the  real  living  protoplast,  consists  of  a  gel,  or  sol,  which 
iposed  of  the  colloids  of  an  unknown  nature  which  include  protein, 
and  carbohydrate.  Whether  these  eotloidal  particles  consist  of  one 
tgo  colloidal  compound  in  which  enzymes,  protein,  phospbolipin  and 
rbohydrate  are  united  to  make  a  molecule  which  may  be  called  a 
Dgen,  cannot  be  definitely  stated,  but  it  seems  probable  that  something 
the  sort  is  the  case.  This  colloid  exists  in  the  form  of  a  gel.  That  is, 
always  contains  a  large  amount  of  water  and  this  water  has  in  it  salts. 
le  gel  of  the  protoplasm  is  not  often  homogeneous,  but  it  is  differcn- 
Ited  phj-sically  and  chemically  in  difi'ereiit  parts  of  the  cell.  The  cell 
not  isotropic,  as  the  morphologists  say.  The  movements  of  the  proto- 
pBn  and  so  the  activity  of  the  cell,  the  vital  activity,  appear  to  be  due 
tiie  varying  affinity  of  this  gel,  or  of  particular  parts  of  it,  for  water, 
■  which  water  is  caused  to  enter,  or  leave  it.  This  affinity  for  water 
Ij  be  modified  in  various  ways.  It  may  be  modified  by  salts,  which 
ist  usually  in  loose  or  more  firm  chemical  union  with  the  colloids.  Some 
Lis  if  introduced  into  the  protoplasm  will  cause  the  protoplasm  to  take 
►  more  water,  others  to  lose  water.  It  may  be  modified  by  a  change  in 
B  reaction  of  the  cell,  by  the  production  of  acid.  And,  above  all,  it  is 
kdified  by  the  chemical  changes  occurring  in  the  colloid  itself,  for  this 
Uoid  is  very  unstable.  The  last  is  the  cause  undoubtedly  of  most  of 
a  rhythmic  and  other  activities  of  protoplasm.  The  protoplast  under- 
BB  oxidations,  and  in  virtue  of  the  changes  thus  produced  the  affinity 
r  water  by  the  colloid  is  changed.  It  may  be  simply  a  local  affinity 
aoatioD,  such  as  we  see  in  the  streaming  amoiba,  in  which  the  proto- 
■am  suddenly  appears  to  become  more  liquid  in  one  region  or  another 
the  cell.  A  utimulus,  on  this  view,  is  anything  which  alters  the  affinity 
P  water  on  the  part  of  the  protoplast,  and  as  this  affinity  is  a  very 
ticate  adjustment  it  may  be  altered  by  a  great  variety  of  means.  Hence 
ittuli  may  be  either  chemical,  physical  or  mechanical,  since  by  all  of 
^■e  means  we  may  produce  chemical  changes  which  will  alter  the 
Snity  of  the  cell  for  water. 

Every  activity  of  this  protoplast  is  accompanied  by  an  electrical 
tttttrbance,  the  blaze  earrent,  or  current  of  action.  The  way  in  which 
hit  electrical   disturbance   is   produced   is   still   entirely   dark;   and 
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its  agnificaD<!«,  or  rather  its  possible  function,  is  equally  d&rl:.  But 
men  have  imagiued  three  possible  ways  in  wiiicb  it  might  be  pro(luc«il: 
It  might  be  produced  by  the  change  in  the  surface  of  contact  of  the  col- 
loid and  water,  as  happens  in  a  capillary  electrometer  wlien  the  surface 
of  contact  of  mercury  and  aciil  is  altcnxl ;  it  might  be  produced  by  the 
appearance  of  acid  as  a  result  of  chemical  decomposition,  the  hydrogca 
ions  in  some  way  setting  up  a  contmitration  fJmiii  cflToct  by  their  groatar- 
velocity  of  movement,  the  colloids  assisting  by  forming  semi-pormcal 
membranee,  thus  interposing  resistances  to  tlie  passage  of  the  negative 
ion;  or  the  electrical  dialurbance  might  he  tlie  direct  result  of  the  oxi- 
dation, every  oxidation  iuvolviug  a  minute  current  when  the  piuuttve 
charge  is  pa^aed  from  the  oxidizing  to  the  oxidize<l  body.  How  such  an 
effect  could  he  propagated  to  u  distance  beyond  the  mul<;culc  biLS  not 
been  explained.  Evidently  Llic  explanation  of  the  mcrhatiiHtn  of  tlie  pro- 
daction  of  this  electrical  disturbance  must  be  left  to  the  future. 

Finally  all  the  chemical  processes  in  the  coll,  so  necessary  for  thi 
quick  response  to  a  stimulus  and  to  recovery  from  the  effects  of  a  stim- 
ulus, are  accelerated  by  tho  pr«ficnco  in  the  c«lla  of  accelerators  of  these 
reaetionn,  and  these  accelerators  are  palled  vuzymGs.  The  nature  of  none 
of  these  is  definitely  known,  and  tlie  protoplast  itself,  or  the  blogena, 
appear  to  be  the  most  important  of  these  accelerators.  The  enzymes, 
there  arv  reasons  for  thinking,  urc  not  distributed  cvculy  through  the 
cell,  but  exist  in  definite  locatiomi,  so  thai  the  changes  in  one  part  differ 
from  those  in  another,  thus  producing  a  physiological  diWsion  of  labor 
and  a  physiological  diversity  no  less  marked  than  the  morphological 
diversity. 

Finally  the  structures  of  cells  are  so  characteristic  and  definite  as 
to  show  that  tlie  cell  is  orgsnixed  iu  some  way  or  o!her.  The  suggestion 
has  been  made  that  this  organization  miiKt  iti  the  long  ruii  be  caused  by 
the  molecules  of  which  the  protoplast  is  composed,  just  as  the  form  of 
a  crystal  is  produced  t^  the  molecules  of  which  it  is  composed.  It  must 
hence  be  the  expression  of  the  molecular  form  of  the  biogens. 
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PART  II. 

TUE  MAMMAWAX  BODY  CONSIDERED  AS  A  MACHINE.    ITS 

GROWTH.  MAINTEN^VNCE,  ENERGY  TRANSFORMATIONS 
AND  WASTE  SUBSTANCES. 


Wo  have  now  to  inquire  more  in  detail  concerning  the  nature  of  the 
prooeKses  hy  wliit-li  tlic  animal  body  grows,  and  maiotaiDs  itself  from 
the  foods;  what  the  source  is  of  the  heat  it  so  constautly  produces; 
whence  comes  its  power  of  monng  and  doing  work;  wha!  is  Ihc  nature 
of  the  waste  prcnlucts  it  fomis,  nnd  the  causes  of  the  variations  which 
Ihey  show  in  diverae  conditions  of  diet  and  health.  All  these  processes 
are  included  in  tlie  province  of  the  science  of  nutrition.  It  is,  then,  the 
nutrition  of  animals  and  in  particular  of  mammals  which  we  shall 
consider  in  tlii;  following  chapters.  Wti  shall  tatce  up,  first,  the  produe- 
tion  of  heat  in  the  body  and  then  pass  on  to  the  study  of  the  processes 
involved  in  ttie  tiiaintonnnce  of  ttie  animal  organization  and  in  its 
development  and  energy  trnnsformations. 

In  order  that  organisms  shall  maintain  their  form  unchanged,  that 
tliey  shall  transform  into  their  own  substance  this  mass  of  material  dif- 
ferent from  themselves  on  which  they  subsist, — that  they  shall  make 
Uiemselves  out  of  their  foods, — it  is  necessary  that  there  shall  he  some 
kind  of  an  organising  force  at  work.  Organization  is  at  the  hotttim  of 
everything  U\'ing,  not  only  of  the  nialenal  side  of  our  cxistimcK,  but  of 
the  mental  as  well.  The  organism  may  be  but  an  enlarged,  complex 
and  semifluid  ci-ystal.  That  we  shall  remember  experiences,  that  wc 
shall  continue  to  exist  as  individuals,  something  of  a  material  kind  must 
persist,  or  be  reconstituted  from  moment  to  moment  VTbat  is  that  somo- 
ttuDgt  What  is  the  nature  of  the  organizing  principle  of  living  things  1 
These  are  fundamental  questions,  but  they  are  qucBlions  to  be  solved  by 
the  experiments  of  the  future.    We  cannot  answer  tliem  at  present. 

The  body  resembles  a  magnet.  The  body  in  many  particulars 
resembles  a  magnet.  A  magnet  has  existence  as  a  magnet  only  as  long 
as  the  materials  of  which  it  is  composed  is  organized ;  only  as  long  as 
the  molecules  are  oriented  or  organized  into  a  definite  relation  to  each 
other.  The  magnet  is  itself,  then,  an  organism.  It  has  the  power,  like 
tlic  body,  of  organizmg  other  materials  like  itself,  so  that  if  new  iron 
is  brought  to  it,  it  makes  the  new  iron  into  a  part  of  the  magnet  by 
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ig  the  ultimate  particles  oE  the  now  iroD  to  correspond  to  tho 
t organization  or  orientation  of  its  own  molecules.  It  lias  tbe  power  oi 
growU].  It  will  pick  tliu  rig^lit  materials,  fine  iron  particles,  out  o£  a 
mixture  of  iron  and  otber  uubstAueuit,  rejecting  Lbe  iiAeleHS  and  assimilat- 
ing the  substaiieos  lik«  itself.  It  may  be  cut  in  two,  tike  many  organisms, 
and  each  part  be<:om(ss  a  magnet  like  tluit  from  which  it  came.  If  lieated 
tu  a  point  at  wbicb  its  organization  is  lost;  if  heated,  In  other  words, 
to  a  point  at  which  the  orientation  of  the  molecules  in  consequence  of 
B'thcir  rapid  movement  is  lost,  the  magnetism  disappears.  Its  property  of 
Bpuignotism  is  lost.  The  magnet  dies  as  an  individual.  How  closely  slmi- 
filftr  to  all  Uiis,  at  least  in  its  superficial  aspect,  is  tlie  life  history  of  the 
mammalian  organixm.  Beginning  life  as  a  vary  minute  organism,  it 
atfiumilates  to  itself,  out  of  the  mixture  of  foodsluflTs  brought  to  it,  sub- 
stances  like  itself.  It  grows  like  the  magnet.  Its  power  of  organization 
reminds  ouu  irresistibly  of  tiie  itiagiiet's  powers  of  organisation.  Like 
the  magnet,  the  organism  cannot  assimilate  all  kinds  of  things,  but  only 
those  things  of  a  certain  siHx^iat  kind  depending  on  the  shape  and  nature 
of  the  molecules.    Like  the  maguet,  too,  it  can  only  continue  to  exist  below 

■  a  certain  temperature.  If  hcate<l  to  its  critical  temperature  tlie  organ- 
ism, like  the  magnet,  <:i?aKiiH  lii  exist  as  an  organism,  althougli  composed 
of  the  same  elements  as  before  tho  heating.  In  tlie  heated  magnet, 
altbongh  it  i-e-a.scs  to  exist  as  a  magniit,  the  property  of  magnetism  still 
exists  concealed  from  our  eyes  in  the  molecules  of  which  it  is  composed. 
Each  molecule  preserves  (he  prop<-rty  of  magnetism.  Is  it  not  probable 
that  so  in  an  organism  the  psychic  and  other  properties  of  vitalism  are 
really  inherent  in  and  continue  to  oxist  in  the  particles  of  which  the 
moleonles  and  atoms  are  composed,  but  that  they  are  concealed  from  our 
dull  vision  1  The  organism  at  death  may  be  resolved  into  a  multitude  of 
psychic  elements,  of  elemenls  posscsaed  of  vitalism,  but  this  vitalism,  this 
rchism,  is  now  in  a  mnltitudt-  of  small  molecular  and  atomic  units  and 
fthc  organism  as  an  orgHnli^ni  ceases  to  exist.  Tlie  law  oE  tJiu  conservation 
I  of  energy,  namely,  that  tinorgy  can  neither  bo  created  nor  destroyed, 
[but  may  be  organii-^d  to  appear  in  different  forms,  is  one  of  the  funda- 
fmectat  laws  of  physics,  chemistrj-  and  physiology.  The  biologist  moy 
'  Borne  day  add  its  eouutor]}art  In  the  law  of  ttie  cooaorvation  of  psycbism. 
The  property  of  psycbism  may  be  a  fundamental  property  of  avery  atom, 
nay  of  every  electron.  But  it  is  only  when  organixed  that  this  property 
appears  to  us  in  tlie  form  of  an  individual,  a  larger  psychic  unit. 
I  The  magnet  docs  not  appear  to  be  undurt^oing  vigorous  chemical 
change.  In  this  rcNpect  it  differs  from  the  animal  body,  wliicJi  is  tJic 
seat  of  such  changes.  But  this  difference  is  probably  but  a  difference 
de^free.  The  atoms  of  which  the  iron  magnet  is  composed,  there  is 
^reason  now  for  thinking,  are  not  everlasting  and  changolees,  but  th«y 
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may  be  having  a  metabolism  of  their  own,  new  electrons  being  absorbed 
from  the  ether,  and  old  electrons  being  given  oH  to  the  ether.  All  is  in 
flux  in  nature.  Stability  is  but  an  appearance.  Our  brief  lives  are  like 
the  fraction  dt  in  &  differential  equation,  infinitely  brief  in  the  time  of 
the  universe.  Things  appear  constant  when  observed  for  such  an  infi- 
nitely brief  time. 

"We  cannot  pursue  speculations  of  this  nature  concerning  those  great 
problems  awaiting  the  future  biologists.  It  is  for  us  to  clear  the  ground. 
And  we  may  comfort  ourselves  with  two  reflections  as  we  consider  how 
hopeless  the  solution  of  those  fundamental  problems  appears  at  the 
present  time:  the  first  is  that  there  is  really  nothing  insignificant  in 
nature,  however  small  our  problems  may  look  to  us.  The  problem  most 
trivial  in  appearance,  if  followed  but  a  little  way,  brings  us  to  the  most 
profound  mysteries  of  nature ;  and  the  second  is  that,  however  small  a 
fact  may  appear  to  be,  any  discovery  made  is  multiplied  by  an  infinite 
factor  in  the  course  of  time,  since  it  is  multiplied  by  infinite  time,  so 
that  every  discovery  is  in  reality  infinitely  valuable. 

With  these  preliminary  observations,  which  are  not  in  many  wa^ 
very  apropos,  we  may  pass  now  to  the  consideration  of  the  immediate 
problems  of  how  oi^anisms  maintain  themselves,  what  the  nature  is  of 
the  processes  by  which  the  material  stream  which  flows  through  them 
is  organized  into  the  body  itself;  whence  come  from  this  organization 
those  properties  of  life  and  consciousness  which  we  may  include  under 
the  term  vitalism  f 


CHAPTER  VI. 


ANIMAL  HEAT. 


Anima]  heat,— The  mammalian  body  is  generally  warmer  than  its 
irroundines.  It  has  a  tcmperalurc  of  about  87.5°  C^  which  is  kept 
nearly  coustant  irreapcctivc  of  the  outer  tcmperatiipc.  It  producer  heat 
^likc  ft  stove;  it  movca  and  expends  energy  in  morinp.  Whence  comes 
Hthc  heat  of  the  body ;  and  what  is  the  source  of  the  cncr(»y  used  in  movfl- 
ments.  in  doiu(>  workt  What  are  the  nettirea  of  the  proeesses  by  which 
heat  is  liberated  T  These  questions,  or  their  protolypos,  were  among  the 
most  puzzling  whieh  men  aslced  when  they  began  to  inquire  eoneern- 
ing  the  nature  of  things;  and  very  cnnle  were  the  answers  whieh 
were  pven  in  the  twilight  of  learning.  Men  imagined  that  heat  waa  an 
enenoe,  or  substance,  which  found  it.i  way  into  and  out  of  the  body; 
or  that  it  was  one  of  the  four  cardinal  elements  of  whieh  things  were 

I  made,  earth,  air  and  water  being  the  other  three.  Men  know  nothing  con- 
eoming  the  nature  of  heat.  They  did  not  know  what  was  happening 
when  a  piece  of  wood  Imrned,  so  that  Ihcir  ideas  about  animal  heat  were 
iweesBarily  crude  and  generally  wide  of  the  mark.  Even  near  the  end 
Bf  the  eighteenth  eentury  such  brilliant  and  far-seeing  men  a.*t  Lavoisier 
and  Laplace  still  comidcred  heat  to  be  a  substance  whieh  could  be  added 
tu  or  taken  away  from  bodies;  altliuugh  Ihcy  also  suggested  that  it  might 
t>c  a  mode  of  motion  of  the  finer  partielcs  of  which  matter  was  composed. 

•  History  of  the  discovery  of  the  origin  of  animal  heat. — In  the  last 
part  of  the  seventeenth  and  first  part  of  the  eighteenth  oenturj' 
men  began  more  and  more  to  try  experiments  to  discorer  something 
about  nature,  for  it  is  only  "  by  experituent  that  we  see  in  the  full  light 
of  day."  Some  experiments  were  tried  by  Mayow,  Boyle  and  Priestley. 
They  put  small  animals  into  confined  spaces  and  discovered  that  they 
soon  died.  They  foil  ml  also  that  if  when  one  animal  wn.s  dead  they 
introduced  a  second  into  the  same  jar  without  renewing  the  air.  the 
second  died  in  a  ahortor  time  than  the  first.  The  air  in  the  jar  was  no 
longer  able  to  support  life.  Moreover,  if  a  candle  was  put  under  a  simi- 
_^lar  jar,  it  was  extinguished  after  a  time.  If,  then,  a  second  lighted 
Hteandle  was  introduced  without  renewing  the  air,  the  light  at  once  went 
otit.  These  ohscr%'fttions  showed  that  animals  and  candles  behaved  in 
the  same  way  in  a  closed  space.  Life  iind  light  were  extingiiisUcd,  The 
experiment  was  then  tried  of  seeing  whether  a  moueo  would  live  va  the 
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air  exhausted  by  a  candle  and  whether  a  candle  would  hum  in ; 
which  a  mouse  had  suffocated.  In  other  words,  did  a  candle  and  a  i 
change  the  air  in  the  same  way  t  It  was  found  that  mice  wonld  d( 
in  air  in  which  caudles  could  not  bum.  There  was  evidently  somi 
similar  in  the  burning  of  a  candle  and  the  breathing  of  an  ai 
Black,  who  studied  what  had  happened  to  the  air,  says  in  1757 :  "  3 
convinced  myself  that  the  change  produced  in  healthful  air  by  tl 
of  respiration  consists  principally,  if  not  entirely,  in  converting  i 
of  it  into  fixed  air  [now  called  carbon  dioxide],  because  I  found  ti 
breathing  by  means  of  a  tube  into  water  of  lime  or  into  a  acM 
caustic  alkali,  I  precipitated  the  lime  and  caused  the  alkali  to  k 
causticity."  Shortly  after  this  Priestley  made  a  kind  of  air  by  hi 
mercuric  oxide,  wliich  he  called  dephlogisticated  air,  but  which  i 
called  by  Lavoisier's  name  of  oxygen.  He  collected  this  air  and 
lighted  candle  into  it.  It  burned  better  than  in  ordinary  air.  Hi 
put  a  mouse  into  some  more  of  the  dephlogisticated  air  and  it  lived  I 
than  in  the  same  quantity  of  ordinary  air.  This  "  dephlogisticated 
was  beneficial  alike  to  burning  candles  and  mice.  Priestley  also 
that  it  changed  dark  venous  blood  into  red  arterial  blood,  a  change 
was  known  to  occur  in  the  lungs. 

Lavoisier. — The  question  now  turned  on  finding  out  what  the  < 
did  to  the  air  when  it  burned  in  it.  This  problem  was  solved  \ 
great  French  chemist  Lavoisier  about  1776.  He  proved  by  a  bh 
simple  and  convincing  experiments  that  Priestley's  "  dephlt^^ 
air  "  was  a  gas  present  in  ordinary  air  and  forming  about  one-fi 
its  volume.  When  metals  were  heated  in  air  they  became  beavic 
because  they  lost  the  light  spirit  of  phlogiston  which  had  been  i 
away  by  the  heat,  but  because  they  combined  with  this  oxygen.  A 
proved  also  that  the  so-called  "  fixed  air  "  was  carbon  dioxide,  ( 
pound  of  carbon  and  oxygen.  The  burning  of  a  candle  consisted 
in  the  combination  of  the  carbon  of  the  candle  with  the  oxygen 
air  to  form  carbon  dioxide,  and  in  this  process  heat  was  liberated, 
carbon,  or  phosphorus,  or  sulphur  burning  in  this  air  formed  ad 
called  the  new  or  dephlogisticated  air,  the  acid-maier,  "  fUi 
(Gr.  oxys,  sour  or  sharp ;  gennao,  I  produce) .  He  then  proceeded  1 
if  animals  affected  air  in  the  same  way  as  burning  candles.  He 
that  they  did.  In  1777  he  published  the  observation  that  animals ; 
under  a  jar  until  dead  changed  a  portion  of  the  oxygen  of  the 
carbon  dioxide.  To  re-establish  the  air  so  that  it  would  suppw 
it  was  necessary  to  absorb  the  carbon  dioxide  and  restore  an  eqns 
of  oxygen.  He  says :  "  If  one  augmrnts,  or  if  one  dinuniahes,  in  a 
quantity  of  air,  the  quantity  of  eminently  respirable  air  (oxygen 
it  contains,  one  augments  or  one  diminishes  in  the  same  proporti 
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of  metal  that  one  ran  caleine  in  it  and  up  to  a  certain  point 
the  time  that  an  Bnimal  can  lire  in  it"  Uaving  thna  clearly  demoa- 
stratcd  tlmi  both  Ijiirnin^  randies  and  living  mice  took  oxygen  out  of 
the  air  &ud  added  carbon  dioxide  to  it,  he  goes  on  to  aay,  in  regard  to  the 
place  in  the  body  where  the  conversion  of  0„  and  CO,  takes  place,  "  I 
have  boen  forced  to  two  conclusions  equally  probable  and  between  which 
my  experimenta  do  not  permit  me  to  decide.  Kither  the  portion  of  air 
eminently  reaptrahle  (oxygen)  contained  io  atmospherie  air  is  converted 
into  (carbon  dioxide)  fixed  air  in  passing  through  the  lungs;  or  it  maltes 
an  exchange  in  this  organ,  on  the  one  hand  the  eminently  respirable  air 
ia  absorbed,  and  on  the  other  hand  the  lung  returns  for  it  a  poi-tion  of 
carbonic  arid  almost  equal  to  it  in  volume." 

Having  thus  sbovm  the  identity  of  the  cheniical  changes  produced  by 
combustion  and  respiration,  he  at  once  inferred  that,  since  a  candle  lib- 
erates hpat  when  it  bums  and  aiiimnls  al»o  produce  heat,  thi.s  animal 
he-at  probably  rame  from  the  combustion  of  the  body.  In  hi.*:  Memoir 
to  the  French  Royal  Academy  in  1777  he  gays:  *'  I  have  shown  that  the 
pure  air  after  having  entered  the  lungs  comes  out  in  part  in  the  state  of 
Sxed  air  (earbonic  acid).  The  pure  air  in  passing  the  lungs  undergoes 
a  decomposition  analogous  to  that  which  takes  place  in  the  combustion  of 
coal.  But  in  the  combustion  of  coal  there  is  a  disenpaijement  of  heat 
(matcrie  de  feu),  of  which  Ihore  sliould  be  a  similar  (ii«prigagcm*>nt  in 
the  lungs  in  the  inler\'a1  of  insipiration  and  expiration,  and  it  is  this  heat, 
without  doubt,  which  distributed  by  the  blood  throughout  the  animal 
economy  givea  rise  to  the  constant  temperature  of  nboiit  32.5"  RT^aiimur. 
This  idea  appears  perhaps  hnzardous  at  6rst  glanrc,  hut  before  rejecting 
or  condemning  it,  I  ask  that  it  he  mnsidrirptl  that  it.  ia  founded  on  two 
ocmatant  and  incontestable  facts:  namoly,  on  the  decomposition  of  air 
in  the  lungs,  and  on  the  liberation  of  the  matter  of  fire  (h&at)  which 
accompanies  all  decomposition  i>f  pure  air,  that  is  to  say,  all  passage  of 
pur«  air  to  the  slate  of  fixed  air."  As  further  proof  of  this  hypothesis 
be  points  to  the  fact  that  tho.se  animals  which  are  wai-mest,  such  as  the 
birds,  produce  the  most  carbon  dioxide  in  a  given  time  in  proportion  to 
their  weight 

In  order  to  establish  this  revolutionary  and  beautiful  hyputhetiis  that 
animal  heat  was  due  to  the  eombnstion  of  the  carbon  of  the  body,  he 
attempted  to  measure  the  amount  of  heat  produced  by  an  animal  and 
the  amount  of  carbon  burned  and  tliua  see  whether  the  combustion  of  this 
amount  of  carbon  would  ai'iwinl.  for  the  heat  prwluecd.  It  was  neces- 
sarj-  for  him  to  perfect  first  a  means  of  meaJturing  heat,  ao  with  the  aid 
of  his  irntat  compatriot  Laplace,  one  of  the  greatest  of  French  physicists, 
he  perfected  the  ice  calorimeter  whirh  had  been  made  by  Black.  This 
calorimeter  consisted  of  a  doublo-wallcd  c^on,  as  shown  in  Figure  34. 
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In  tlia  space  between  the  walls  crackeil  ice  was  placed.  This  prevented 
any  heat  from  reaching  the  interior  of  the  can  from  tlic  outside.  In 
the  interior  there  was  placed  a  cage  which  would  hold  a  guinea  pig,  a 
rabbit  or  olJier  small  animal,  and  this  cage  was  packed  in  ice.  The  heat 
given  off  by  the  body  of  the  unimal  melted  some  of  the  ice  in  the  interior 
cempartmeut  and  the  water  from  the  melted  iee  was  eoUcoted  and 
Vfoighed.  Since  the  melting  of  oaeh  gram  of  ice  fequircs  nn  amount 
of  heat  suHlcient  to  raise  the  temperature  of  a  gram  of  water  from  0° 
to  80°,  and  the  amount  of  heat  necessary  to  raise  the  temperature  of 
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Fia.  7A. — Uc  ralorlmMnr  or  t^volilfr  aiiil  I^pluce.  'i'li«  nnlmsl  wa»  plncoil  It)  ttir 
rase.  A,  udiI  tLo  bt-al  ol  111  body  uulU'd  Iw  In  B,  tlio  wsler  beiuic  voUuvlud  In  </  and 
K«tlClif4l.    Tlin  out«r  layor  eC  loa  ti  O  prBvontMl  hoat  from  tnioriDg. 


water  one  degree  was  taken  as  the  unit  amount  of  heat  and  cfilled  one 
calorie,  to  melt  a  gram  of  ice  refniires  80  ralorips  of  heat.  Of  course, 
arrangements  had  to  be  made  for  the  ingo  and  outgo  of  air  for  respira- 
tion. Before  or  after  being  in  the  calorimeter  the  guinea  pig  wn.s  placed 
in  another  apparatus  in  which  the  carbon  dioxide  exhaled  could  be  meas- 
ured. The  result  of  tiiis  experiment  was  as  follows  when  translated  into 
modern  units:  In  10  hours  the  guinea  pig  burned  3.33  grams  of  carbon, 
compntod  from  the  carbon  dioxide  exhaled.  The  heat  1il)erated  by  hiim- 
ing  this  amount  of  carbon  Lavoisier  and  liaplace  determined  \a  be  Huffi- 
ciont  t<i  melt  326  grams  of  ice  to  water  at  0'.  The  gninea  pig  when 
placed  in  the  calorimeter  for  a  given  time  liberated  sufficiRnt  heat  to 
melt  in  10  hours  402  grams  of  ice.  Thi.s  should  be  a  little  larger  than 
the  heat  generated  by  the  combustion  of  the  carbon,  for  the  pig  was  at 
u  lower  temperature  when  emerging  from  the  calorimeter  than  on  enter- 
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it.    Some  of  the  preformed  body  heat  had  been  lost.    EsUmatuig 

the  heat  thus  lost  from  the  body  would  melt  61  grams  of  ice,  there 

'^rcmain  34]  [jrams  of  ice  melted,  as  eoraparcd  with  the  326  grams  wliieh 

should  liavc  been  melted  by  t}ie  combuBtion  of  thn  3.33  gramg  of  carbon 

of  the  body.    Thus  he  arrived  at  the  oonchision  that  nt  least  96  per  cent. 

I  of  the  heat  of  the  body  was  to  be  accounted  for  by  tlie  combustion  of  the 

[carbon.    The  experiment  may  be  tabulated  as  follows: 

Amount  of  carbon  bum«d  hy  a  Kuinru  pig  in  10  hoiirn,  3.33  gruns. 

Heiit  libcrnti^l  by  burning  Dili  amount  of  carboii  mella  3&6.S  gnunt  of  lae. 

Pig  in  ralorimctvr  for  10  hours  melW  402.27  grama  loe. 

Reduction  of  t«tftppmture  of  bodj-  a(;counta  for  01.19  grams  lee^ 

it  produced  by  guiucs  pig  in  10  hours  henoe  melUil  341.08  grams  loc. 
Int  produwd  hy  biiniing  carlioti  in  pvt  cptit  of  toUl  =  326/341  =^9B  per  cent. 

Having  thna  proved  that  animal  heat  wast  dne,  in  large  part,  to  the 
union,  or  combustion,  of  oarbon  and  oxj'gen,  he  proceeded  to  ficd  out 
if  the  oxygen  combined  with  anv-thing  else  than  the  carbon.  Mea-iuring 
the  amount  of  oxygen  consumed  and  the  oxygen  in  the  carbon  dioxide, 
he  foond  that  only  81  per  cent,  of  Ihe  oxygen  combined  with  the  carbon ; 
the  other  19  per  cent,  must  combine  with  something  else,  namely  hydro- 
gen, to  form  water.  If  the  figures  just  given  were  corrected  by  the  addi- 
tion of  the  heat  formed  by  the  combustion  of  the  hydrogen,  there  was  a 
slight  excess  of  heat  enmpvited  over  that  found.  There  was  also  a  source 
of  error  in  (he  experiment.  He  had  mnjusured  the  heat  produced  when 
the  pig  was  exposed  to  a  temperature  of  0°,  but  the  carbon  dioxide  pro- 
duced while  the  pig  wa.s  exposed  to  Ifl*  C.  Perhaps  the  botiy  burned  more 
carbon  and  produced  more  heat  when  it  was  cold  than  it  did  at  room 
temperature.  This  thought  led  him  to  other  fundamental  discoveries. 
He  undertook  to  detennine  whether  more  oxygen  was  consumed  at  low 
temperatures  than  at  high  ;  and  whether  more  oxygen  was  consumed  and 
more  heat  liberated  when  work  was  done.  Jlis  experiments  hi  tliis  direc- 
tion were  never  publi.-vhod  in  full,  owing  to  the  interruption  in  the  pub- 
lication of  ibn  Acarlpiny  Jfpmoirs  rau-sfd  by  the  Fn-nch  revolution,  and 
to  the  death  of  Lavoisier  on  the  guillotine  in  1794,  hut  an  abstract 
had  bean  published.  These  ronclusions  are  fnntlamejilal  for  the  science 
of  nutrition.    They  are  as  follows: 

1.  A  man  in  repose  and  fasting  at  an  external  temperature  of  32.5* 
R,  consumed  per  hour  24.0fl2  liters  O.. 

2.  A  man  in  n-pese  and  fasting  at  an  external  teraperaturo  of  15'  R. 
consumed  per  hour  26.66  liters  oxygen. 

3.  A  man  during  digestion  consumed  per  hour  37.G89  liters  oxygen. 

4.  A  man  fanting,  doing  work  necessary  to  raise  in  15  minutes  a 
weight  of  7.343  kilos  to  a  height  of  19&.775  meters,  consumed  per  hour 
53.477  liters  oxj'gen. 
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5.  A  man  during  dig«alJon  doing  a  similar  omonnt  o£  work  con- 
sumed per  hour  91.248  liters  oxygen. 

Here  wo  have  the  fundamental  observations  that  the  consumption  oE 
oxygen  and  excretion  of  carbon  dioxide  are  inereased  hy  ecAA,  diminished 
hy  wannth;  and  increased  b/  work  and  by  digeiitioQ.  Furthermore, 
the  quantitative  data  are  given  for  man  himself. 

Lavoisier  sums  up  his  work  in  the  following  words:  "  Respiration  is 
only  a  slow  comlmstion  of  carbon  and  hydrogen,  which  is  similar  in  all 
respects  to  that  which  takes  place  in  a  lamp  or  lighted  candle;  and  from 
this  point  of  view  the  animals  which  respire  are  truly  combustible  bodies 
which  bum  and  consume  tliemselves. "  "  In  respiration,  as  in  combus- 
tion, it  is  the  air  which  fiimisheL')  oxygen  and  heat^  hut  sint-e  in  roiipiration 
it  is  the  subKtanoe  of  the  animal  itself,  it  is  the  liloiul,  which  furnishes  the 
combustible,  if  the  animals  do  not  habitually  repair  hy  their  slimRnt  that 
lost  by  respiration,  the  oil  would  he  lacking  juttt  as  in  a  lamp ;  the  animnl 
would  peri.sli  like  a  lamp  cxtinfaiishocl  when  it  lapks  noun'shmont.  The 
proof  of  tliis  identity  of  respiration  and  combustion  in  deduced  imme- 
diately from  experiment,"  "  In  concluding  these  reflections  npon  the 
results  which  have  preceded,  one  tiees  that  the  animal  macliine  is  princi- 
pally govei-ned  by  three  regulatory  prineijiles:  respiration,  whif^h  con- 
sumes hydrogi>u  and  carbon  and  (urnislics  hi-at;  transpiratjon,  which 
augments  or  diminishes,  following  the  necessity  of  getting  rid  of  more  or 
less  heat;  and  digestion,  which  n.-ttirus  to  the-  blocxl  that  which  hiLs  bc;cn 
lost  by  transpiration  and  respiration." 

I  have  dwelt  so  long  on  the  work  of  this  great  scientist  because  the 
discoveries  he  made  and  expressed  in  such  clear  and  beautiful  language 
are  the  fundamental  discoveries  of  our  science.  Of  that  wonderful  group 
of  brilliant  Frenchmen  wlio  lived  at  tlie  end  of  the  ciglii(->enlh  and  the 
beginning  of  the  nineteenth  century  he  was  one  of  tli«  grealcat.  He 
terminates  his  last  Memoir  by  a  conaolatorj-  reflection  wrung  from  him, 
DO  doubty  by  tlie  distracted  state  of  his  Rnuntr>-  and  his  own  thrcalening 
future: 

"  "Wo  will  tcrminote  this  memoir  by  a  consolatory  reflection.  It  is 
not  indispensable,  in  order  that  one  should  merit  well  from  humanity  and 
pay  a  tribute  to  his  eountrj-,  that  he  should  bo  eallod  to  public  functions 
and  aid  in  the  organization  and  regeneration  of  empires.  The  physician, 
also,  in  tlie  silence  of  his  study  and  laboratory,  ean  exercise  his  patriotic 
fanctions;  he  can  hope  hj-  hut  work  to  diminish  the  mass  of  evils  which 
afl!!r.t  the  human  species,  to  augment  its  happiness  and  well-being;  and 
can  he  contribute  by  new  ways  which  he  discovers  to  the  prolongation  of 
some  years,  of  some  days  even,  of  the  average  human  life,  he,  also,  may 

lire  to  the  glorious  title  of  benefactor  of  humanity." 

Where  in  the  body  is  the  heat  produced  ? — The  heat  and  the  energy 
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of  the  body  were  thus  proved  hf  Lavoisier  to  come  from  the  combnstion 
of  the  materials  of  the  body.  Wo  niay  now  eonsidor  where  this  burning 
takes  place  by  which  carbon  dioxide  and  water  are  formed  and  heat 
set  free.  Lavoisier  left  Uiis  quesUou  undecided.  He  did  not  know 
whether  the  combostion  took  place  in  the  lungs,  or  wbcllicr  only  an 
exchange  of  gases,  of  oxygen  for  carbon  dioxide,  took  place  in  the  lungs, 
bat  the  combustion  somewhere  else.  This  question  was  settled  by  the 
work  of  various  men.  Lagrange  objected  if  the  combustion  took  place 
in  the  lungs  the  nraount  of  heat  the  body  gives  off  is  so  great  that  if  all 
were  liberated  there  it  would  injure  the  lung  tissue.  Spallanzani  showed 
that  all  kinds  of  animals,  whether  they  had  huigs  or  not,  gave  off  carbon 
dioxide  and  consumed  oxygen  and  libu^rated  heat.  Ho  took  the  lungs 
out  of  &  frog  and  found  that  the  animal  still  breathed  through  the  akin. 
Edwards  drew  hydrogen  giis  Uirough  blood  and  found  that  the  blood  gave 
off  carbon  dioxide  and  oxygen  to  the  hydrogen,  thus  showing  that  it 
already  contained  both  of  these  gases  before  it  reached  the  lungs.  Finally 
Magnus  in  1838  received  some  blood  tinder  the  receiver  of  an  air  pump 
and  demonstrated  that  there  wss  a  large  amount  of  gas  in  blood  nnd 
that  venous  blood  contained  more  CO,  and  less  oxygen  than  arterial 
blood.  These  facts  showed  that  only  an  exchange  between  the  gases  of 
the  bloorl  and  the  outside  air  f^ok  place  in  the  lungs;  the  combustion 
tooli  place  somewhere  else.  This  conclusion  was  confirmed  by  measuring 
the  temperature  of  the  blood  going  to  the  lungs  and  that  of  the  blood 
coming  away,  The  blood  coming  awoy  was  cooler,  not  hotter.  It  should 
have  been  warmer  if  the  combu^ition  took  place  in  the  lungs.  On  the 
otlier  hand,  blood  coming  from  the  uusele  was  hotter,  not  cooler,  than 
That  going  to  it.  Bertliohit  showed  tliut  muscles  became  hotter  during 
contraction.  Consequently  by  1850  it  was  believed  that  the  combustion 
took  place  cither  in  the  blood  of  the  capillaries  in  the  organs  of  the  body 
or  in  the  organs  themselves.  Finally  by  the  work  of  Pfliigcr  and  Hoppe- 
Seyler,  among  others,  it  was  Khown  in  1870  that  the  blood  had  little 
power  of  combustion  and  that  combustion  took  place  in  the  tissues,  and 
indeed  in  tlie  living  matter  of  the  tissues.  Tho  union  of  oxygen  nnd 
living  matter,  or  combustion,  takes  place  and  carbon  dioxide  and  heat 
are  produced,  then,  in  tlie  living  cells  themselves.  The  real  respiration 
occnrs  here.  II  is  the  living  matter  which  is  burning,  not  the  food  sub- 
stances circulating  in  the  blood. 

Origin  of  the  heat  set  free  on  combustion. — Where  is  the  heat  before 
it  appears  as  hcati  Is  it  in  the  foods,  or  in  the  oxygen,  and  in  what  form 
ts  itt  This  was  long  a  puzzling  question  and  in  some  ways  it  still  is 
puzzling.  It  may  be  ariawered  tentatively  and  in  part  as  follows:  Both 
carbon  and  hydrogen  have  a  great  attraction  for  oxygen.  For  some 
reason,  not  at  present  nnderstood,  an  atom  of  oxygen  and  an  atom  of 
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carbon  in  certain  conditions  attract  each  other  so  strongly  that  to  sepa- 
rate them  mu«h  work  is  required.  A  similar  attraction  exists,  also, 
between  hydrogen  and  oxygen.  Why  the  nnion  between  hydrogen  and! 
oxygen  should  be  ko  mmrh  firmer  than  between  other  elements  is  not  yet 
clear;  but  there  is  no  doubt  about  the  fact.  When,  therefore,  they  are 
separated,  energy  is  consumed;  and  this  energy  is  represented  by  tha 
separate  positions  or  distance  apart  of  the  atoms.  It  is  enei^y  of  posi- 
tion or  potential  energy.  It  is  supposed  to  be  a  condition  of  strain  in  the 
ether  which  fills  all  space.  Light,  working  in  the  chlorophyll  ports  ot 
pUntS,  i»  able  to  bring  this  separation  to  pass.  The  light  energy  disap-, 
pears  and  is  pepri-sented  by  the  potential  energy  of  the  system  carbo- 
hydrate-oxj'gen.  Now  for  some  reason  carbohydrate,  which  contains  both 
carbon  and  hydroeen,  does  not  combine  readily  with  oxygen  in  spit* 
of  the  great  attraction  between  the  oxygen  and  carbon  atoms.  It  is 
as  if  there  was  some  resistance  in  the  way  of  their  union ;  but  under  the 
conditions  prevailing  in  protoplasm  this  resistance,  whatever  its  nature,J 
disappears,  and  now  the  carbon  and  oxygen  atoms  ruali  together  with 
great  violence,  drawn  by  their  mutual  attraction.  In  the  violence  of 
their  impart  they  rebound  and  vibrate  vigorously  baek  and  fortJi.  Some*i 
times  this  vibration  is  so  fast  and  so  vigorous  as  to  give  rise  to  light. 
This  happens  in  the  phosphorescent  substances ;  in  other  oases  lhi>  vibra- 
tion is  coinmunicnfed  to  the  surrounding  molrcnles  and  is  cradimlly  dis- 
aipatcd  in  longer  molecular  vibrations,  and  this  we  call  heat. 

Comparison  of  the  amount  of  heat  Iib<ratcd  with  the  amount  cal- 
culated from  the  oxidation  of  the  carbon  and  hydrogen.  The  conserva-, 
tion  of  energy. — Having  shnwn  thai  thu  heat  and  energy  of  the  bodj 
come  from  the  oxidation  of  the  KubKlHnces  of  the  body  and  cliiefly  the 
oarbon  and  hydrogen,  for  as  we  shall  soe  nitrogen  leaves  the  body  in 
an  nnoxidized  form,  chiefly  sis  tirea,  COCNII.j),,  wc  may  now  consider  Ihc 
no  less  important  qiicotinn :  Is  all  the  oner^  of  thn  body  dnc  to  oxida- 
tirm!  Has  the  body  no  other  sourer  of  cnerpy?  Is  there  an  exact  balancSJ 
of  the  energy  set  free  by  the  combustion  in  the  body  and  the  amount 
given  off  from  it?  Energy  may  leave  the  bo<ly  as  heat,  or  be  rendered 
latent,  that  Is  i-hanged  to  potcittial  energy,  in  the  evaporation  of  water 
or  in  the  doing  of  work.  Does  the  law  of  conservation  of  energy  hold  in 
living  things  t  Has  man  no  other  source  of  energy  than  his  foods  and 
0X3'gcnT  For  there  niipht  he  some  kind  of  radiant  eiiergj'  penetrating 
the  universe  whieh  is  neither  light  nor  heat,  uor  X-rnys,  hut  of  a  period 
of  vibration  of  siieb  a  character  that  it  might  be  absorbed  by  man's  body 
and  transformed  into  intellectual  or  ph.^-sical  work.  Has  man  any  sueh 
soorce  of  onorgj'T  This,  as  will  be  seen,  is  a  very  important  question 
and  one  which  has,  porhaps,  not  yet  been  absolutely  settled. 

II  there  were  a  kind  of  ray  of  radiant  energy  which  could  freely 
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peu«tTat«  tlie  bones  of  the  skull  uid  surroundiDg  ti£sucs,  so  that  thcso 
were  transparent  to  it,  but  which  was  absorbed  by  some  of  the  con- 
stituents of  tlie  brain  >-cI1b  so  as  to  produce  metabolic  changes  in  them, 
it  migbt  be  posssible  to  affect  the  brains  o£  mou,  or  portions  of  tlic  brains, 
or  other  organs,  directly  without  the  interposition  of  matter.  It  might 
in  this  way  be  possible,  if  the  wave  length  vras  suuh  aa  to  iniluence  only 
certain  specific  parts  of  tbc  brain,  to  set  going  processes  whit-h  might 
result  in  definite  ideiLs  iu  trained  minds.  There  is  hunlly  tuiy  question 
tbat  each  substance  has  its  own  absorjilioa  spcutruui,  althuugb  tbat  spee- 
trum  may  lie  in  the  ukra-violet  or  involve  wave  lengths  far  too  short 
for  the  substances  of  the  retina  to  perceive.  There  would  sectu  to  bo 
no  theoretical  objection  to  tbe  possibility  of  sueb  an  absorption  of  radiant 
pner^  on  the  part  of  the  bi-ain  or  other  tissues  of  tbe  body ;  hut  tliero 
is  as  yet  no  evidence  for  such  a  source  of  energy. 

Work  of  Dulong  and  Depretz, — Lavoisier,  in  the  rough  experiments 
which  had  suiUc-ed  to  lead  him  to  suck  correct  and  brilliant  couelusions, 
had  not  been  able  to  strike  an  exact  balance  between  the  income  and  outgo 
of  energy.  He  measured  as  heat  about  IM  per  cent,  of  that  calculated 
from  the  combustion  of  the  carbon ;  if  ho  added  to  tbe  calculated  amount 
the  amount  of  heat  computed  from  the  combustion  of  the  hydrogen,  then 
he  found  too  little.  The  result  was  not  satisfactory  when  left  in  this 
form.  Accordingly  the  French  Academy  offered  a  prize  for  an  invest!* 
gation  of  thJs  matter.  Two  investigations  were  undertaken,  one  by 
Uepretz  and  the  other  by  Dulong.  Both  of  these  observers  improved  on 
Lavoisier's  methods  in  that  they  measured  the  heat  produced  end  the 
cartHm  and  hydrogen  burned  at  tlic  same  time,  and  the  animal  was  kept 
at  or  near  room  temperature.  They  weighed  the  carbon  dioxide  and 
water  given  off  while  the  animal  was  in  the  calorimeter.  They  made  uso 
of  a  number  of  small  aniuials,  dogs,  rabbits,  birds,  etc.  They  made  what 
has  since  been  eaUed  a  respiration  calorimeter,  the  heat  being  absorbed  by 
water  instead  of  ice.  Figure  35  shows  Dulong's  calorimeter.  Tbe  results 
obtained  by  these  observer  are  summed  in  the  table  after  correcting 
their  results  for  more  modem  values  for  the  heat  of  combustion  of  car- 
bon and  hydrogen. 

Dulong:  Animals  used:  dog,  rabbit,  pigeon,  cat,  fowl.  For  every  100 
calories  registered  by  the  ealoriraeter  that  calculated  fi-om  the  respiration 
accounted  for: 

Minimum 79.2  ttla. 

Mtuiinum    j.....j ......x........ ....  flO.4  ^ 

Utan   OOA  - 

Sepretz: 

Minimum    84.2  " 

Uaximua   101.8  " 

Umd 92.3  " 
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Am  will  be  seen,  they  were  unable  to  get  a  complete  agreement  be 
the  heat  calculated  from  the  products  of  respiration  and  that  meat 
but  they  came  eufSciently  close  to  show  that  certainly  92  per  cent  i 
heat  of  the  body  was  due  to  the  combustion.  These  observers  mad 
observation  which  turned  out  to  be  of  great  importance.  Th^ ; 
that  in  dogs  the  volume  of  carbon  dioxide  given  off  was  a  smallei 


Pia.  83. — ReBplrotfon  caJorlmeter  of  Dulong.  The  air  entered  at  D,  and  alter 
tbrougb  tbe  coll,  S,  paseed  ont  at  D'.  Tbe  cao  containing  tbe  rabbit  la  Imn 
the  vater  of  the  calorimeter,  as  ahown. 


portion  of  the  volume  of  the  oxygen  consumed  than  in  rabbits  and 
They  suggested  that  this  might  be  due  to  a  difference  in  the  eht 
of  the  food.  The  ratio  of  the  volume  of  carbon  dioxide  exhaled  1 
of  tbe  oxygen  consumed  (c.c.  of  COi  exhaled  -=-  c.c.  O,  eonsnni 
celled  the  respiratory  quotient.  This  suggestion  of  Dulong's  has  ; 
to  be  correct  and  has  contributed  much  to  the  determination 
character  of  the  substance  burning  in  the  body. 

Respiratory  quotient.  Regnault  and  Reiset. — ^Dulong's  su^ 
that  the  respiratory  quotient  was  dependent  on  the  character  of  th 
was  substantiated  by  Regnault  and  Beiset  in  what  is  oiie  of  the 
mental  investigations  in  nutrition.  They  made  use  of  the  apt 
in  Figure  36,  which  is  essentially  a  closed  respiration  system  in 
oxygen  consumption  is  measured  directly.  They  measured  moK 
rately  the  ratio  of  carbon  dioxide  produced  to  the  oxygen  con 
and  the  relation  of  the  respiratory  activity  to  the  fflze  of  the  i 
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}  two  fundamental  discoveries.  First,  that  as  required  by  the 
[iavoiaier,  those  animals  of  the  smallest  size,  and  consequently 
lest  surface  in  proportion  to  their  weight  so  that  the  radiation 
iS  a  maximum,  consumed  more  oxygen  per  gram  per  hour  and 
ilatively  more  carbon  dioxide  than  larger  animals  of  the  same 


—Rcflplratlon  apparataa  ot  Regnault  ftnd  Befset.  Tbe  oxygen  wai  BuppUed 
from  tbe  contalnera  O,  O'  and  O"  and  the  COi  wu  absorbed  by  tbe  abaorptloo 
O',  wblcb  were  alternately  moved  up  and  down.    Tbe  ayatem  was  closed. 

is  observation  of  the  relation  of  respiration  to  surface  was 
ity  Bubner  many  years  later  to  the  heat  production.  Smaller 
raduce  more  heat  per  gram  than  larger.  Second,  they  showed 
I  was  a  relationship  between  the  amount  of  the  oxygen  coa- 
1  the  amount  of  carbon  dioxide  exhaled  and  the  character  of 
They  thus  discovered  what  is  now  known  as  the  dependence 
>iratory  quotient  on  diet,  a  possibility  suggested  by  Dulong. 

tualt  and  Reiset.    CO^/O^  ratio  and  its  dependence  on  diet: 
Diet  c.c.CO^c.c.O, 

Carrota  and  vegetables 0.92 

Bread   0.93 

Lean  meat 0.74 

Fat  meat  0.69 

Grains    0.93 

Bread   0.97 

Meat   0.68 

foods  consisting  chiefly  of  carbohydrate  gave  a  high  respiratory 
those  of  protein  were  intermediate ;  and  foods  containing  much 
Bed  the  lowest  quotient. 
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Ail  will  be  Ken,  the}'  were  unable  to  g^t  a  complete  agreement  ]> 
the  beat  '.-alrrula^ed  from  the  prodncta  of  respiration  and  that  n: 
bat  tbey  f.nttiH  hufficiently  close  to  show  that  certainly  92  per  (■•-. 
hr-at  of  the  Wly  was  due  to  the  combostion.    These  observoi-- 
observation  whi<:h  turned  out  to  be  of  great  importance. 
tUsil  in  do^  tlie  vohime  of  carbon  dioxide  given  off  was;  . 


Pin.  as.— nnplrmtloii  r&lorlmi'' 
throuKh   (he  coll,  S,  paucd  out   : 
tli«  wBiar  of  tba  ealorlinner,  an 
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suiount  of  carbon  dioxide  esbaled  may  be  greater 

utialed,  giving  a  respiratory  quotient  greater  than 
r)  periods  oxygen  may  be  stored,  that  is  combined 
n  of  an  equivalent  part  of  tarbon  dioxide,  the  oii- 
iplete-  In  experiments  extending  over  24  hours 
i-'vep,  these  ipregularitics  more  or  leas  completely 
since  in  the  long  run  the  oxygen  of  the  COj  cornea 


r 


Fio.  87. — Qubner'a  reaplratlon  calorimeter  for  animals. 


J  or  indirectly  from  the  oxygen  of  the  air,  at  least  in  the  higher 
Is. 

oof  of  the  conservation  of  energy  in  the  body.    Rubner, — It  was 

incertain  from  these  determinations  whether  the  income  and  outgo 

iiirgy  of  the  body  could  be  balanced.    It  was  necrasary,  if  a  complete 

■gy  balance  was  to  be  had,  to  measure  not  only  the  energy  of  the 

d  taken,  but  that  still  left  in  tlie  feces  and  urine.     The  final  proof 

it  such  a  balance  exists  and  that  the  law  of  conservation  of  energy 

lids  for  the  highest  animals  was  not  given  until  1892.    It  was  the  work 

f  the  German  physiologist  Rubner. 

In  1892  Rubner  had  constructed  for  him  a  very  accurate  respiration 

calorimeter.    Figure  37.    The  calorimeter  was  kept  as  nearly  as  possible 

at  a  constant  temperature  and  at  the  temperature  of  the  room ;  and  the 

heat  produced  by  an  animal  in  the  calorimeter  raised  the  temperature  of 

the  air  passing  through  the  apparatus  and  could  thus  be  measured. 
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The  calorimeter  was  large  oDougb  to  receive  a  dog  and  permitted  the 
Bimaltaneous  (ixainiuation  of  ihe  water  aud  carbon  dioxide  produced. 
The  urine  and  toeea  were  collected  and  oxamioed  for  the  amount  of 
potential  or  uncouHumed  energy  tbey  contained,  and  the  experiments 
were  continued  each  time  for  Kcvenil  days.  The  amount  of  potential 
energy  contained  in  the  food  was  carefully  determined.  With  this 
apparatus  Rubncr  was  able  to  get.  Uie  results  a  few  of  which  are  shown 
in  the  table.' 

COMPABUOM    OF  tllK   IIkAT  AuTUALLT    PbOUUOED  WITH   THAT    COMFtTIZD   rBOU  TUB 

Hetabousm. 


DIM 


StuTfttlon    ]    2 

P^t    ...  '    - 

Meat  and  Ui  . . 
M«at  


Kiunlwor 

■!■}-■ 

5 


llutl  I'nlciilnlnl 
f  roiD  mrliiUilltiu 

l£Q(t.U 

ISlO.l 
2402.4 

2240.8 

4780.8 


awt  dlrectlj 

]Q£«.0 
1408.3 
2488.0 
3058.4 
2270.0 
4TU9.3 


DlSoimicv— 

pM  can*. 

—1.42 
— 0J7 


—0.42 
-1-0.43 

The  amount  of  beat  given  off  under  varying  conditions  of  fasting  and 
different  diets  was  found  to  be  very  close  to  the  amount  of  beat  calcu- 
lated as  set  free  by  the  combustion  of  tlie  foods.  TIte  maximum  varia- 
tion was  some  1.5  per  cent,  from  the  calculated  and  in  some  cases  the 
two  values  agreed  almost  exactly.  By  these  experiments,  tlieu,  Lavoi- 
sier's theory  of  the  source  of  animal  energy  and  ht^at  was  demonstrated 
to  be  true.  lustcad  of  92  per  cent,  of  tlic  calculated  energy  being  found, 
with  the  improvement  iu  method  and  da.ta,  99  per  cent,  of  the  energy  of 
the  body  was  accounted  for  and  tlic  other  1  per  cent,  lay  wittiin  tlie  limits 
of  error  of  the  method. 

From  these  experiments  Rubuor  established  the  fundamental  taw  of 
animal  thermodynamics :  Energy  is  neither  created  nor  destroyed  in  the 
animal  body.  The  energy  appearing  as  free  energy  is  exactly  equal  to 
the  energy  of  the  materials  hamed.  Conservation  of  energy  is  as  true 
tpithin  the  animal  body  as  elsewhere  in  nature.  The  animal  behaves  in 
all  respects  tilte  a  uiaclilne.  But  tlie  error  of  1  per  uejit,  was  still  too 
large.  It  was  desired  to  test  the  law  on  man  himself  and,  moreover,  to 
corry  out  on  him  experiments  in  nutrition.  The  ultimate  aim  of  all 
pbysiolt^cal  inquiry  is  to  enlarge  man's  knowledge  of  himself  end  to 
enable  him  to  control  the  living  world.  It  might  still  have  been  true 
that  man  bad  some  unknown  source  of  energy  different  from  other  ani- 
mals, although  this  was  unlikely.  For  the  purpose  of  stndying  the  nutri- 
tion of  man,  calorimeters  must  be  constructed  which  should  be  large 
enough  to  accommodate  a  man.  The  l>est  of  these  calorimeters  was  Grat 
constructed  in  this  eountrj*  in  Middletown  (Conn.)  in  the  laboratories 
of  WeelQraii  University. 

*  Luik:  8eUne9  of  IVvlrff  jO*.    £na  edition,  p.  4S. 
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The  Atwater-Rosa-Bencdict  calorimeter. — The  following  descrip- 
tion of  tho  Atwat^r-Itosa-BoDedict  calorimotcr  is  takes  from  the  report 
of  BoDodict  and  Miluer.'  Figure  38.  "  The  respiration  apparatus  is  in 
principlo  esseutially  the  oaisB  as  that  of  R«gnault  and  Kciset,  that  is  a 
Bo-oalled  olo»ied  cimuit  apparatus.  The  samo  current  of  air  is  kept  in 
I  circulation  through  tlie  chamber,  the  carbon  dioxide  and  water  vapor 
limparlod  to  it  by  the  subject  being  removed  as  it  is  withdrawn  from  the 
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Flo  39. — mugma  ot  AI«TBler-lt4iBB-G<raedict  rr«pli-atlftn  Mlorlnetor  for  biiinui  b<l&B« 
(Bvoeaicl  aiid  Uluiar). 

chamber  and  oxygen  restored  to  it  &&  it  is  returned  to  the  chamber." 
'The  quantities  of  eurbon  dioxitte  and  water  i-eniovcd  from  the  air  and 
of  oxygen  supplied  to  it  arc  ajtcortaincd  as  follows:  The  earbon  dioxide 
is  obeorbcd  by  the  soda  lime  tubes  C  and  B  in  the  figure,  which  are 
weighed  on  an  accurate  balance:  tlie  water  is  absorbed  by  the  sulphuric 
I  fleid  absorber  just  before  the  soda  lime  tubes ;  the  amount  of  oxygen  is 
determined  by  weighing  the  bomb  containing  compressed  oxygen  before 
and  after  the  period  of  observation.  Of  course,  correcttous  have  to  be 
made  for  (he  water  condensed  in  the  chamber  about  Uic  water  pipes 
which  carry  away  tho  boat;  and  for  tlie  composition  of  the  air  left  in 
the  chamber  at  the  ond  of  the  experiment.    The  air  is  caused  to  circa- 

'  Benedict  and  Miln«r:  £xp«-imPnt«  on  tUc  MfrtiiboliMn  of  Matter  and  Energy 
In  the  Human  VktAy,  10O31ftO4.     U.  K.  Dtfpt.  AgTi(Mi]tu»,  Bulletin  175. 
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tate  by  tJiti  rotary  blower  which  goes  at  snch  a  sp»ed  that  75  liters  of  air 
a  minute  are  drawn  from  the  chamber.  To  provide  for  tbe  expaiisiou  or 
contraclioa  of  the  air  due  to  changes  ot  barometric  pressure,  or  of  slight 
changes  of  temperature  iu  tbe  apparatus,  the  pan  G,  wbich  is  provided 


Fts.  80. — VerUcKl  «ron  Mcaao  «(  tb»  »larltnL>t«r  abowlDe  modca  outer  mtla  and 
mine  and  copper  lanar  wailt  aad  air  aincu  lAlwuIcr  ODil  BcDKllct}. 


with  a  rubber  disk,  which  rises  or  falls  as  the  pressure  is  greater  or  leas 
than  that  in  the  outer  air,  is  put  into  tlie  circuit. 

The  calorimeter.—"  The  device  employed  in  these  investigations 
combines  a  respiratory  apparatus  and  a  calorimeter  in  tlie  same  con- 
struction, and  the  determination  of  the  heat  output  of  the  subject  is  made 
concurrently  with  the  mcastu-ements  of  the  respiratory  products  and 
oxygen.  Figure  39.  The  apparatus  is  so  devised  and  manipulated  that 
the  passage  of  heat  through  the  walls  of  the  chamber  is  prevented,  and 
the  heat  evolved  by  the  subject  cannot  escape  iu  any  other  way  than 
that  provided  for  carrying  it  out  and  measuring  it.    A  small  quantity 
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leaves  the  chamber  as  latent  heat  of  water  vapor,  but  the  major  portion 
is  sensible  heat  absorbed  by  a  current  of  cold  water  passing  tlirougb  a 
coil  of  pipe  within  the  chamber."  *'  The  principle  of  construction  of 
the  calorimeter  as  a  whole  is  much  like  that  o£  an  ordinary  rcfrisreratorr 
namely,  a  chamber  surrounded  by  a  series  of  confined  air  spaces.  The 
^walls,  ceiling  and  floor  of  the  calorimeter  chamber,  which  is  of  course 
^the  respiration  chamber,  are  copper.  On  all  sides  of  the  chamber  the 
copper  is  attached  to  a  wooden  framework,  to  the  outside  of  whicli  is 
fastened  &  zinc  shell  concentric  with  that  of  the  copper,  a  dead  air  space, 
about  three  inches  across,  separating  the  two  metal  shells.  About  Uircc 
inches  outside  of  the  zinc  is  a  concentric  shell  of  wood,  and  an  equal 
distance  from  this  is  the  outer  wooden  structure.  The  space  between  the 
Bine  and  the  inner  wooden  shell  is  the  '  inner  air  space,'  and  that 
between  the  two  wooden  shells  is  the  '  outer  air  space,'  both  of  which 
Bare  thus  designated  hereafter.  The  wooden  casing  sun-ounding  the 
chamber  on  all  sides,  and  especially  the  air  spaces  with  the  devices  for 
heating  and  cooling  them,  afford  means  for  controlling  the  temperature 
of  the  zinc  wall  aud  protecting  it  againRt  fluctuations  in  temperature  of 

»the  air  surrounding  the  outer  wooden  casing." 
Gain  or  toss  of  heat  through  the  metal  walls  of  the  chamber  ia  pre- 
vented by  beeping  the  zinc  wall  at  the  same  temperature  as  the  copper, 
in  which  case  there  will  be  no  exchange  of  heat  between  them.    For  this 
purpose  provision  is  made  for  heating  or  cooling  the  inner  air  spsoe, 

■  and  thus  beating  or  cooling  the  zinc.  The  heating  is  accomplished  by 
passing  a  current  of  electricity  tlirough  a  German  silver  resistance  wire 
installed  in  the  space,  the  amount  of  heat  being  controlled  by  a  rheostat 

■  on  the  observer's  table.  For  cooling,  a  cnrrcnt  of  water  is  passed  through 
a  small  brass  pipe  in  the  same  space. 

Similar  provision  is  made  for  heating  or  cooling  the  outer  air  space 
to  aid  in  protection  against  changes  in  temperature  of  the  air  of  the  labo- 
ratory. "  The  attempt  ia  made,  of  course,  lo  keep  the  temperature  of  the 
laboratory  as  near  as  possible  to  that  of  the  interior  of  the  calorimeter. 
Bin  order  to  know  whether  to  heat  or  cool  the  zinc  wall,  it  is  necessary 
to  know  whether  it  is  hotter  or  colder  than  Uic  copper.  For  this  pur- 
pose thormo-clcctric  elements  of  iron  and  German  silver  wire  are 
installed  between  the  two  metal  walls  in  such  a  way  that  one  end  of 
each  element  is  in  thermal  contact  with  the  copper  and  the  other  with  tha 
zinc  wall,  and  aro  connected  with  a  dolicata  galvanometer  on  the  observ- 
ers' table.  The  difference  between  the  temperature  of  the  copper  wall 
at  one  end  of  the  dementi  and  that  of  the  zinc  wall  at  the  otlier  end  is 
indicated  by  the  di^flcctinns  on  the  galvanometer,  one  direction  showing 
that  the  rine  is  cooler,  the  other  that  it  is  warmer  than  the  copper,  and 
accordingly  whether  to  heat  or  cool." 


I 


1 
I 
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cold  water  which  passes  through  a  pipo  oxtonding  around  the  chambor 
near  tJio  ceiling  sotl  absorbs  tlie  liont.  To  increase  the  boat-absorbing 
area  a  large  number  of  copper  disks  are  soldered  along  the  pipe. 

It  bos  been  stated  that  aJi  effort  is  made  to  extract  the  heat  just  as 
fast  OS  it  is  produced,  and  thus  maintain  a  comparatively  constant  tem- 
perature in  the  chamber.  To  Ihis  end  it  Is  necessary  that  the  rate  of 
absorption  may  ho  accurately  controlled.  This  is  aocomplished  in  three 
ways:  P'^irst,  by  increasing  or  diminishing  the  rate  of  flow  of  water 
through  the  pipe;  second,  by  raising  or  lowering  the  temperature  of  the 
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water  entering  tlie  heat-absorber;  and  Uiml,  lor  the  finer  rcsulation, 
ezpofiure  o£  the  absorbiug  arL-a  to  Uie  heiit  may  ha  iucrctutcd  or  dimimslicd 
hj  raising  or  loirermg  the  toclal  sUicUU  vrUich  paii-ially  surround  tha 
pipe  and  disks.  As  the  shields  arc  raised  they  become  filled  with  cold  flir 
and  act  as  insulators;  when  they  arc  lowered  a  gi-eater  absorption  area 
is  exposed. 

Determination  of  the  quantity  of  the  heat  evolved.  "  The  tempera- 
ture of  the  air  within  the  calorimeter  is  accurately  determined  by  means 
of  reaiatance  coils  of  copper  wire  placed  in  different  parts  oC  the  chamber. 
The  variations  in  temperature  sliown  arc  always  small,  generally  amoun' 
inff  to  not  over  a  few  hundredths  of  a  degree,  since  the  rate  of  ahstroo- 
tion  ol  heat  may  lie  regulated  ao  closely  in  accordance  with  that  at  which 
it  is  produced.  The  heat  removed  from  the  chamber  as  latent  heat  of 
water  vapor  in  the  air  current  is  computed  from  the  weight  of  water 
absorbed  from  the  air  and  the  factor  for  latent  heat  of  yaporization. 
According  to  the  best  available  data,  it  requires  0.592  calorie  (kilogram 
calorie)  to  vaporize  one  gram  of  water.  This  factor  is  used  in  these 
computations.  The  amount  of  heat  removed  from  the  chamber  by  the 
cold  water  passing  through  the  heat-absorbers  is  computed  from  the 
amount  of  water  Umt  pai»eK  tlirough  the  pipe  njid  its  rise  in  temperature 
daring  its  passage.  The  quantity  of  water  pasKing  through  the  abfiarber 
is  determined  by  weighing  on  a  speeial  devii^e.  The  rise  in  teraperatu 
is  determined  by  observation  of  carefully  calibrated  mercury  thcrniorao-' 
tera  whoso  bulbs  are  immcrfiod,  one  in  the  ingoing  and  the  other  in  the 
outgoing  water.  These  arc  read  every  two  to  four  minutes,  according 
t«  the  rate  at  which  the  temperature  is  changing.  Corrections  in  readings 
are  made  for  the  effect  of  pressure  of  water  on  the  bulb  of  the  ther- 
mometer. In  calculating  the  (juaatity  of  heat  removed  from  the  ebftmbor 
by  tlie  water  current,  the  specific  heat  of  water  at  20*  C.  is  taken  as 
unity,  and  the  results  are  all  expressed  as  calories  at  20'. 

"  The  sum  of  the  two  qimntities  of  heat  determined  as  just  deseribecl 
comprises  practically  tlmt  evolved  within  the  chamber,  though  allowance 
is  made  for  certain  small  quantities  involved  tu  the  change  of  tempera* 
tare  of  the  calorimeter,  and  in  the  possnge  of  objects  into  or  out  of  the 
chamber  through  the  food  aperture  at  a  temperature  different  from  that 
of  the  chamber." 

Appointmenia  of  the  respiration  chamber.  The  rp^piration  chamber 
is  7  feet  6  inches  long,  4  feet  wide  and  G  feet  6  inches  high,  the  dimen- 
sions being  such  as  to  allow  a  man  to  stand  or  tie  down  at  full  length, 
or  even  to  move  about  to  a  fimited  extent.  In  one  end  is  au  ope 
through  which  a  subject  enters  or  leaves  the  chamber  at  tlie  beginni 
or  end  of  an  experiment.  During  an  eiperiment  this  is  closed  by  gl 
tightly  sealed  in  place  and  serves  as  a  window,  admitting  ample  ligh' 
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for  Kfiding  and  -K-riHng.    In  the  opposite  end  of  the  clmmlfer  is  a  smaller 

opening  known  as  th(^  foot!  njMjrture,  through  which  receptacles  for  food, 

drink,  excreta  and  other  articles  may  be  passed  in  the  coarse  of  an 

experitnent.    Within  the  chamber  are  a  chair,  a  fable  and  a  bed,  all  oE 

metal  and  all  of  which  may  be  folded  and  put  a>)ide  when  not  in  uae. 

■For  experiments  in  which  muscular  work  is  performed,  a  device  by  means 

of  which  the  amount  of  work  done  may  be  measured  is  provided.    There 

is  a  telephone  for  com m imitation  with  persons  on  the  outside.     Tfao 

■  arrangement  of  the  furniture,  bed,  shelving,  etc.,  in  the  space  available 

is  such 'as  to  make  the  subject  comfortable  during  an  experiment  which 

may  continue  for  two  weeks. 

H       Testing  ike  accuracy  of  the  apparains.    To  test  the  accuracy  of  the 

Hxalorimeter  and  the  respiration  apparatus  alcohol  is  burned  in  tbe 

Vcalorimeter.     The  results  of  such  a  test  are  given  in   the  following 

table: 


I 


RnuLr  or  a  TrriCAL  Aixouoo.  Cbkok  BxrcBiMErrr. 


Dvuion 

Akohoi 

Burn  Ml 

Carbon  Dlndilc                | 

W"tT 

1            1Mb 

roniiil 

ftcqolml 
Oram* 

87.30 

irfi.84 

369.63 

fi9-77 
702.44 

for  cant. 

99.  U 
100.03 
101.70 

Pouail 
Vmin* 

68.47 
115.73 
2«.<i.24 

4S.6S 

(Irstna 

ss.ie 

117.16 

24(1,20 

40.49 

I'cr  cenl- 

Dw.  le-lT 

III*,   min 

e  30 

6     15 

11     2fi 

2     06 

Una* 
50.2B 

101.78 

212.50 

40,14 

86.  OS 
174.27 
300.03 

70.96 

100.S.1 

06.70 

100.83 

100.07 

IbUl 

21     16 

404.71 

700.86 

09.7  H 

1  408.Utt 

408.00 

100.21 

DM 

OiffMi  caBMiaiMt 

II MC 

Vowm 

B«q[itif«i 

P«Te«n>t. 

TbeoET 

twoA 

ItoqiiiMd 

Per  OMI. 
Tlienrj 

Dee.  10-17 

Qranii 

95.48 

183.02 

405,37 

TB.27 

Onma 
Ufi.23 

UH,R3 

4ft,'i,H 

7fl,12 

101.31 

06.41 

100.S5 

102.83 

CUorM 

682.18 

1223,20 

233,13 

CalortM 
S88.98 
£82.10 

1223.20 
230.98 

102.11 
100.00 

ino.oo 

100.02 

,          IiiIhI 

783.14 

7ai>,3Z 

n9.A» 

2333.01 

232d.3A 

KJn.an 

What,  then,  has  been  the  result  obtained  by  this  most  accurate 
calorimeter  in  answer  to  the  question  with  which  this  chapter  started: 
H  namely,  Does  Ihc  amount  of  latent  and  ai>tive  heat  and  external  work 
^done  equal  the  amount  of  heat  which  is  caliulatcd  from  tlie  oxidation 
of  the  protein,  carbohydrate  and  fat  of  the  body  and  that  of  the  food  t 
The  followiitg  table  taken  from  Benedict  and  Mllner  Ritmrnarixes  all  the 
eiperiments  which  have  been  tried  up  to  the  date  of  publication  of  the 

I  bulletin  by  this  calorimeter.  It  was  believed  that  by  taking  a  large 
number  of  obsen-ations  the  accidental  errors  would  very  largely  elimi- 
nate each  olhcr.  By  the  net  income  is  meant  the  heat  calculated  from 
the  combustion  of  the  foods  and  the  matei-ial  of  the  body,  when  thcro 
bag  been  a  change  of  weight,  less  tbe  beat  of  combustion  o£  the  feces  and 
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nriiie.  By  tlio  uet  oiitigo  is  meant  the  total  outgo,  includiu{»  tho  heat 
measarcd  by  the  calorimoter,  the  host  made  latent  by  tlie  ovaporatiou  o( 
irat«r  and  tlic  heat  squivalent  of  the  external  work  done. 

TCTAL  iDOaUB  Alts  OCTOO  OF  EKBBOt. 


SubjwU  MQ'I  kind*  or  m(p«rlnMDt«.       Dara- 
Din                                  tlun 

Income 

Kot  tlDt^O 

DlffoMDRR  in  icrmi  uF  net 
Incotno 

KUTT   tCXrilllHIMTS 

tt.y.       Carbohydrate 
B.  F.  D. 
A.  Ta.  t* 

S 
3 
4 

10 
«7 

Ctlorte* 

fi,67e 

6,441 

I0,4S$ 

S,712 

e,a83 

1C,301 

CtloriM 

:t4 

242 

157 

Per  cMiL 
0.6 
3.7 
.1.5 

Tut«],  5  ru»t  intptTliHeotB 
Tot«l,  22  previous  n»t 
expeHiDcnU 

82,577 
)fil,C38 

102,051 

413 

0.6 

o.a 

Total  nit  uxiMrimaita 

77 

174.213 

174.747 

532 

M 

WoMc  BzrB«tiittm 
J.  C.  W.  Fat  dipt 
J.  C.  W.  Otrbolirdratc 
B.  F.  D.              •' 
A.  L.  L. 

A.L.L.Fa.tdipt 
A.  L.  L.    ■'      "    ierere  work 

3 
3 
I 
3 

a 
1 

18.423 
l«..1i« 

4,4U 
14.857 
14,7S2 

7.185 

15.868 

16.304 

4,6e5 

14.464 

H,fl7l 
7.137 

4Sy 

74 

102 
207 
121 

2.7        1 

B.5        1 

2.2 

1.5 

0.8 

0.7 

Total  S  work  «xpU. 
Total  iS  jtpi^-ioui  vxpts. 

14 

70 

7«,4»8 
34S,lfl7 

72,90:1 
345,041 

4BS 

ti6 

0.7 
0.£ 

Tatal  all  ««rk  «x|ieTiiit«iita 

W 

4I8.M5 

4IS,634 

31 

0.0 

Tho  difTerence  between  the  total  calories  computed  and  those  ai;tii- 
olly  measured  in  tlie  vhole  series  of  experiments,  both  those  repoi-ted 
bore  and  those  previously  reported,  amounted  to  only  501  calories  in 
a  total  of  592,8^0  i?oinputed,  or  a  (lifferenoe  of  only  0.1  per  rent.  The 
individual  experiments  show,  to  be  sore,  a  larger  deviation,  partieularly 
when  they  are  for  short  perioils  of  a  day  or  two.  hut  this  deviation  in 
certainly  within  the  limits  of  error  of  the  m«thod  and  probably  dcptiridn 
on  the  use  of  factors  not  exaetly  correct  for  the  roinputation  of  the  poten- 
tial energy  of  the  foods  used  in  the  body;  or  they  come  from  errors  in 
the  estimation  of  the  amount  of  ener^  in  the  feces.  It  is  difficult  to 
determiiio  exactly  the  feces  which  correspond  to  the  periods  under 
examination,  when  these  periods  are  short. 

It  wuy  be  said,  thtrefore,  an  the  result  of  these  and  other  experiments. 
that  the  conclvsion  of  T/avottirr  is  correct  and  that  the  combvxtioH  of  the 
materials  of  the  hod'j  ix  the  soie  source  of  energi/  of  the.  human  body,  as 
far  at  lc<tst  as  oar  mftkods  permit  us  at  present  to  determine  J'Ac  law 
of  the  cotiservation  of  energy  applies  to  the  human  machtna  as  well  as 
to  the  inanimate  Kortd, 

How  much  energy  does  the  combustion  of  a  gram  of  varioas  foods  yield 
the  body:  do  all  foods  Mrve  equally  well  for  the  production  of  the  heat  and 
energy  of  the  body?    Hurlng  titowa  that  the  source  of  tbo  energy  and  heat  in  Uks 
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oxtdKtIon  of  the  matvrUti  nf  tbv  tiH*iu-«  mil  tbat  them  in  an  Pi|tiini1<?iin<  botwwn  th« 
b«at  tind  work  uctwilly  produced  mid  t)iut  computed  Ironi  the  carbon  dioxide  vid  w»Ur 
formed  by  tli«  combuHUon,  n«  m»j  sak  tli«  liLrtlivT  qumLiou  ivhetlier  protein*,  enrbo- 
hydrnt4M  and  faU  ncrvo  M|U!ti]y  wpU  as  kOurcM  of  energy.  If  we  wUli  to  do  milMular 
vtork,  IB  the  energy  for  tli»t  work  obtained  irith  equal  caae  from  the  fab,  carbohy- 
drate, or  protelnT  Have  tli«  food*  on  iMdynamic  vulut-  a»  heut  nnd  energy  producertT 
This  quutiou  my  in  ll«  oohiLion  al>o  throw  tiglit  on  the  ulhnr  queetJon  of  whether 
th«  energy  of  t]i«  munclM  comuH  mniiily  fT<>m  eiirboliydr«tc«,  or  fats,  or  proteins. 

■  This  quontton  u  out  which  may  bo  attAcki^d  and  jiartially  •olvi'd  by  the  use  of 
Uie  caloniutLer,  uiid  in  urdcr  tJial  Ihr  method  of  attack  may  be  understood  I  have 
pros«nt«d  in  some  detail  the  ri>aiilla  of  a  most  carefully  conducted  experiment  of  tbjs 
kind  reported  hy  Benedict  nnil  Milntrr.  The  object  of  tlila  experiment  was  to  dls- 
eovor  whether  fats  or  earboliyd rates  at-rvo  be«t  a»  sources  nf  miiMiiUr  finfrjjj-.  To 
•olv«  this  question  a  mnn  entered  the  calorimeter  and,  while  on  a  diet  in  which  nicmt 
of  the  coargy  was  in  the  funn  of  fut,  hn  did  n  heavy  day's  work  by  riding  a  sta- 
tionary bicyolo  which  was  ^ared  to  a  dynamo  so  that  thfl  amount  of  tho  work  done 
could  be  ineasuird.  A  second  periotl  of  obierTotlon  followtal  of  three  days'  duration 
during  which  he  did  se  nearly  as  ptissible  Cbn  sunic  amount  of  work,  but  in  thia  blv 

■{uain  sourcD  of  energy  was  in  the  cnrbohydrnte  it  Iht  diet. 
Many  otlicr  inlcrtuiting  facta  will  appear  iitau  from  this  vxitcrimcnt,  namely, 
the  amount  of  energy  in  the  fcet-H  nnd  urinr*,  the  proportion  of  the  lotnl  energy  eon- 
nimcd  which  appears  in  tlie  form  of  nork  done,  In  other  words  the  efficiency  of  the 
human  moehim-,  the-  vnUime  of  oxygi>n  Ronnunird  per  day  by  a  mnn,  the  weight  of 
oarbon  dioxidi:  and  nuliT  given  uflT.    'J'lie  mettiods  of  computation  of  the  rt«ulte  are 

I  no  less  Interesting. 
Tliu  subject  sfter  a  preliniinaiy  digestion  exiicHraent  of  tvar  day**  duration 
Kiitercd  the  nilurimct«r  *t  1(1  l*.M.  Ths  experiment  fn  tlie  calorimeter  h«gan  at  7 
tlie  nest  morning  and  continued  for  three  day*.  Tluiohjectof  the  first  experiment  was 
to  test  the  value  of  fat  as  &  aouree  of  energy  as  compared  with  cnrbohydrntc.  Tbo 
diet  for  this  period  vmn,  therefore,  n  fat  diet.  He  rode  the  bicycle  for  alx  hours 
«  day.  The  feeea  were  marked  off  by  taking  charcoal  before  entering  the  diamher 
and  at  the  end  of  ttip  piriod.  Tbf  fi'ci'"  hetmfn  Ihe  pn«Mi|[i'  of  th"  two  eharpnal 
markers  eorTMi>onded  to  the  period  under  obwrcation.  Tlie  daily  regime  was  as 
follows:  The  subject  was  called  at  T  a.u.    lie  txiok  bis  pulie  and  temperature,  voided 

I  his  viritie,  nnd  weighj-d  himorlf.  H(i  then  eolh-eUd  the  water  from  the  drip  on  the 
bent-alttcrbtTs  in  dry,  weighed  botllcs  and  weighed  the  abnrbura  to  ascertain  the 
amount  of  water  adherent  (o  them.  Tie  had  breakfast  and  began  work  at  S.IO.  The 
food  was  carefully  aitAlysed  and  wi'igliod.  All  wntcvr  tliat  he  drnnk  wan  meaaurrd. 
The  fccca  vcre  collected  in  a  elooed  can.  The  perspiration  in  liia  clothing  wtia 
measured  hy  welghtiig  hia  nnderelothlng  when  dry  and  after  exercise.  The  nitrogen 
serreteil  In  the  |>er»piration  was  also  ileLermlned  by  examining  the  wash  water  from 
the  onderclothing.  It  ainoiitilj?d  to  aboot  0.5  gram  per  day.  Tlie  diet  was  iwry 
limpto  nnd  conxittcd  of  bread,  ginger  snaps,  ehrcddcd  wheat,  butter,  millc  and  cream 
and  oil  infusion  of  cereal  cofTee. 

The  diet  contained  approximately  110.0  grama  nf  protein,  450  grama  of  earho- 
'  bydrate  and  350  grams  of  fat.  The  total  heat  of  combunlion  of  the  foods  eat«n  was 
on  thn  arurago  fi,S&0  culoriea  per  day.  Of  this  amount  the  total  energy  from 
the  fat.  sinco  this  wn»  butter  fat,  waa  0.3  cnlofies  |i*t  grnm  or  a.  totnl  of  3,100  to 
3,3I>0  calories  or  about  m^o  of  the  total  energy  intake.  These  rcsultn  more  hi  detail 
(or  the  Hrst  day  are  ^v*a  in  the  nccompanyiTig  table. 
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It  will  be  noticed  hy  inspecting  the  last  column  of  this  table  that  e 
6,S50  caloriea  contained  in  the  food,  309  calories  per  day  appeared  in  the  fecci  t> 
the  average  about  138  calorics  in  the  urine,  making  all  told  about  6%  of  the 
food  calories  which  were  not  set  free  in  the  body  but  which  were  re-excreted.  J 
92%  of  the  heat  of  the  food  was  utilized  or  was  available  to  the  body. 

It  will  be  remembered  that  Lavoisier  found  that  the  oxygen  consumplioe 
man  doing  work  was  about  90  liters  per  hour.  The  average  in  the  table  on  pt{ 
for  the  whole  day  wrb  about  41  liters  per  hour.  Lavoisier  fotud  for  a  man  s 
but  digesting  about  37  Iit«rs  per  hour.  The  respiratory  quotient  of  0.815  ii ' 
high  for  a  diet  containing  so  much  fat.    It  is  due  to  the  fact  that  there  wu  ■ 
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d«al  of  osrbohfdrata  slio  prewnt  and  the  roiplrntorj-  quotitrnt  wlioa  carbohftlraUs 
K.rft  burned  !■  very  tipatIjt  1,  When  (at  alone  Is  burned  tbe  wbolo  rcapiratoi; 
quoLieni  tbould  be  0.71. 

WATBt  AXn  Cabbok  Dioxme  Gives  Oft  Am  Oxtokr  Co<tBOUt!t).     Tm  Qoroo  or 
Watxs  kxo  Caauon  Dioxidh  A?n>  tsb  Co5Buurrii>»  or  Ozthek. 


VfMtt  Of 

rMplnUlop 
and  Mnptn- 

CarboD  dl«>l^ 

Carb«B 

Oxyc«n  o«4icani«d 

Oranu 

•XllKlw) 

Lltm 

In  CO, 
dlS/II 

Graini 

LIIMV 

tS0.T 

liter  lilrmuT]' 
quailpni 

lit  day 

2d    " 
3d     * 

3.702.27 
4,179.78 
3,Q07.U 

l,776.ai 

i,ei3.&» 

1,697.41 
S,280.68 

903.90 

464.25 
494.60 
402,91 

1^44l77« 

U45.24 

1,662.56 
1,517.80 

1,1S0.79 
1,002.46 

0.830 
0.79S 
0.813 

Total 

11,789.10 

2091.39 

4.716.00 

0.6  J  ft 

Amount  of  heat  eliminated. — Tbe  maoovr  in  wbich  tbe  beat  ia  oomputed  for 
lh«  ranoUB  fiictora  involved  in  Uie  calorimeter  ia  ihown  In  Tablu  C. 

TuiS  C. 
8<ouu*MX  w  Caloumctaio  MiuamauuHTB. 


Ed     " 

ad    " 

Total  . 


a 
Boac 


Chuiita  of 
tMnprra 


In  i«rui>-iJ  inrrvf  c*!- 
80°  cuU,    I    orlrnvt*! 


CaiMcIty 

of  «loilu>- 
f  Inr  b  I  on 


Cslorin  Utxma 

4,Sd4.S0  —0.01 

4,U37.59  4..B8 

4.443.16  —.20 


iafi9$SA 


+  .07 


Cain  r  la 
—  0.60 

+  ia,ao 
—  12.00 


4.20 


d 

Coneainn 

iluc  to  leiu- 

lienltiro  or 

(ondBDd 

■ll*h» 


(Talortn 

—  37.9T 

—  42.33 

—  44.33 


— 124.63 


II  tM  UCeil 

liy  Vlpor- 

Ititloa  ol 

wawt 


Calorlra 
73D.I7 
601.:3S 
737.05 


f 
T«ui 

)l»t  dcler- 

mlnnl 


t;iIi)'tlM 

5.295.10 
5.433.41 

S.I  23.88 


2/177.67    I5,»»2.3tt 


It  will  be  aeen  from  this  tabic  thnt  by  fur  t1i<'  Krcoti.-r  part  or  Ibe  lient  given  ofT 
from  the  boily  is  in«iuun:d  ditcuti}'  b;r  tliu  outgoing  wnUir  of  tlm  bitnt abRortwrs, 
column  B.  The  other  principal  iiieaauremttnt  le  that  of  tbu  wat<TT  vapor  in  Uit;  air 
atreamlng  trotn  the  oilorlinctor.  From  tho  amount  of  wnt«r  in  tli«  air  tlic  nmount 
at  beat  uaed  in  vaporiziitg  it  mn;  be  eomputod.  Tlicif  li^irc*  nro  giion  in  <roluittn  e. 
ThB  total  output  o(  bpat  of  the  piibject  doing  hard  work  wnii  nlioiit  6,300  caloriea 
per  day- 

Comparisoa  of  the  income  and  outgo  of  material  and  energy.— 
"BVom  the  data  given  in  tlio  procpding  UiIjIph  tii'i?  nmiiiiiitB  of  mnteriul  and  energy 
ncelrcd  and  given  oS  by  the  body  in  dllTciciit  nuyi  nmy  be  eompnrcd,  and  gain  or 
loaa  bjr  the  body  eaUiimt«<L  Sin^li  n  cumpiiriHun  ik  miule  in  Vnt.  XahXnit  whicli  fultow." 
"The  computntion  of  tbe  anounU  of  muUTJalB  gainvd  or  lost  liy  tli«  body  are  g!v«u 
for  purpon-a  of  Illustration  In  the  data  for  the  first  dny  of  the  experiment," 

Tbe  difference  between  the  t«tal  weight  o(  tho  income  and  that  of  tho  outgo  wai 
132.06  gTiiRiA.  It  will  be  obnervcd  on  cninpnriTijt  the  tolal  incuiiii.-  of  rlcmciita  with  tbe 
total  outgo  thnt  there  waa  a  gain  of  1.09  grami  al  nitrogen.  20.S0  gmms  of  hydrogen, 
and  123.75  grama  of  oxygi^n,  and  u  lo«a  of  14.08  gnuna  of  cnrhon  and  l.£0  ginmtt  of 
aab.  "  In  the  lower  section  of  the  table  nrc  sliOHm  the  niiiaiiiito  of  protein,  fat, 
carbobydratee,  and  water  gained  or  lout  by  thn  hmdy  on  tbe  llrat  day  of  the  experi- 
ment a*  computed  from  tbe  gains  and  losses  of  the  elcmeiita.    The  gains  or  loasoa 
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Tabu  D. 
Gains  and  Losses  or  Body  Matebiai.  on  Fibst  Day  of  Metabousu  ExPBBtMEHT  66. 


Total 

wstght 

a 

Nitrogen 

Carbon 
C 

HydrogcD 
d 

Oijgen 

Aah 

/ 

Income 

Oxygen  from  air  .... 

Gnuni 

1,545.24 

1,960.00 

2,036.50 

014.60 

QraniH 

tiraaii 

tirania 

Grams 

1,645.!!4 

i,731.80 

2,607.02 

290.13 

Grama 

218.20 

328.4S 

76.28 

Solids  in  both  

18.45 

507.04 

21.70 

Total 

7,346.24 

18.45 

607.94 

622.96 

6,174.19 

21.70 

Outgo 

Water  of  rcBpiration 

and  perapiraiion  . . 
CO    of  respiration  . . 

191.30 

48.40 

1,426.80 

60.80 

3,702.27 
1,775.61 

21.41 

4.07 

169.66 

2.92 

414.21 

168.89 

6.63 

1,266.26 

26.00 

3.287.41 
1,291.36 

1.80 

26.80 

g.io 

14.31 

11.57 
4H4.25 

14.10 

Total 

7,213.18 

16.76 

522.62 

602.16 

6,048.44 

23.20 

Gain  (+)  orlosa  { — ) 

(+)        . 
Ash  of  protein  gained 

-J-  132.06 
.16 

+  1.60 

—  14.68 

+  20.80 

+  125.75 

—  1.60 

Gains  and  losses  ^ 
of  body  material 

+  10.14 

-1-  43.82 

—  120.17 

+  199.93 

—  1.50 

4-1.69 

-)-6.36 
J-  33.35 
—  63.36 

+     -71 

+  5.17 

—  7.45 

+  22.37 

+  2.23 

+  5.30 

—  69.30 

+  177.66 

+  .16 

—  1.60 

+  132.22 

+  1.09 

—  14.66 

+  20.80 

+  125.73 

—  1.34 

'Nitrogen  of  perBpiration. 


of    these   different   compounda  are   computed    in    the    following  way   by  means  of 
formula  derived  from  the  following  data  regarding  the  elementary  compoaition  of 

these  compounds: 

Tabls  E. 


AssuuED  Percentaqe  of  Composition  of  Body  Materials. 


,  NIlroRen 
Fercenl. 

Protein     16.67 

Fata    

Carbohydrates    

Water    


Carbon 
Per  cwit. 

62.80 
76.10 
44.40 


Hydrogen 
Pur  cent. 

7.00 

11.80 

6.20 

11.19 


OxyKPn 
IV  r  ctnt. 

22.00 
12.10 
49.40 

88.81 


Adh 
Percent. 

1.63 


In  the  above  table  the  carbohydrate  is  assumed  to  have  tlie  compoaition  of  glyco- 
gen. The  ash  of  the  protein  may  be  disrpgardod  and  the  following  equations  may  be 
derived  from  the  above  data,  letting  p  =  protein ;  t  —  tat ;  r  =  carbohydrates ;  and 
w  =  water,  and  indicating  the  names  of  the  elements  by  the  initial  letter,  as  is 
customary : 

0.1667  p  =  N 

0.4440  r  +  0.7610 1  +  0.5280  p  =  0 

0.1119  w  +  0.0620  r  +  0.1180  t  +  0.0700  p  =  H 

0.8881  W  +  0.4940  r  +  0.1210  t  +  0.2200  p  =  0 


AMIMAI,   ttEAT 


I 


"Tic  MlutioDB  of  tlicse  n^uatloas  In  terma  of  oftrosen,  ou-tiori,  lijrilrogen  tmd 
'gen  give  Uie  following  formula: 

ProUin  =  6.0  N. 

Fnt  =  0.005  C  +  6.893  H  —  1.221  0  —  2.478  J." 
Carbohydrates  ^  2.243  C  —  16.01  X  H  +  2.003  0  —  2.892  N 
WnU-T  =  1.21S  C  ^  7.820  H  +  0.128  O  -[-  O.<60  N 

"If  the  quantity  of  «sch  clement  gulnrd  or  loat  by  th#  body  aa  oxprMMd  in 
mma  in  Table  U  is  aubaUtut«d  in  theec  cqualiona  (or  the  carrcnponding  eign  ot  tli« 
iumint  uid  Uic  inilicittod  cnloutntionB  iitg  pcrfoniied  the  reeults  obtained  will  bit  Uie 
qaantlties  of  tlic  different  compound*  jnincd  or  loet.  For  exumplts  aciiordtiiK  to 
Tabl«  D  the  body  gained  i.69  gTuma  of  nitTO|[m  on  the  lint  iay  of  tbe  experimeoL 
This  viilu«  vauld  therefore  b«  aubatitutcd  (or  N  in  th«  H»t  of  the  nbovo  cqiutioiM 
»  foUom: 

P«)t«iii  =  8N=:«(+l.Bfl)=:  — lO.H." 

lliQ  gAins  fttid  lo««e»  of  protviu,  fat,  glyeogvu,  nud  wiit«T  na  thus  compuUd  (ran 
tbo  gBiiis  and  Inmes  of  tbe  eK'ments  for  tbe  fir«t  day  of  i!)Lper]iaeDt  &U  nrc  aUawn 
In  Uie  lower  section  of  the  liret  eohimn  of  Table  D. 

The  energy  Income  and  oiit^  In  Lliifl  experimrnt  totiilod  as  follows  fur  the 
three  days: 

Available  energy  from  tbe  (ooda  15.354  ealori«a 

Baorgy  by  the  combustion  of  body  material  lost  SO        " 

Total  income  of  energy 15,423         " 

Total  energy  out^,  work  and  heat  oluic^rvAd 15,»!5S        " 

ExeesB  of  beat  mcaaured    429        " 


Thla  was  tbe  tirat  oxprrimcnt  with  tb(>  r'-ip'irAtiAn  calorimeter  in  itA  rtrvi^'d  form 

iBnd  tbe  diffcrritco  of  about  &.T%  In-lvtrrn  tlic-  c»ni|iubtl  niiil  im'naured  heat  ia  much 

Llat^ger  than  in  other  experiment!.     Id   miking  the^e  conipiitationa  of   Uie  energy 

Ftquivaleiit  of  the  tiiatvriuU  of  tUc  body  wbieli  bad  lost  iu  wcigbt  tbe  following  factors 

vere  lued: 

Tleat  of  combuatioD  of  protein   S.6S  cnlorjea  per  gram. 

" 'fat     0.54        "  '•       " 

"      "  "  "   carlMbydrates  4.1ft        "  "       " 

iShcM  are  o(  courae  ttic  hcnt«  aa  dclcrnnned  in  tbe  bomb  oalorimeU'r.'  Tbe  value 
hifor  tbft  protein  ti  tbnt  of  fat-fri.^  niiucular  tlasue  from  which  the  nltrogenoua  nom 
:  protcid  conpounda  buve  been  removed. 

Haviug  UiuK  illuKlrateil  Uie  method  by  the  tietalled  e.xperimeut  just 
<  quoted,  die  qu«stioa  may  uow  be  a«k«il  whulbcr  it  is  potwible  U)  with- 

'  It  inuat  be  iioU'd  that  if  mc  conaldi^r  tbe  fata  and  carbohydrates  in  tbe  food 
alone  and  not  tbow  in  tbe  bn<jy  tuutorial  c-jktabolixi>'l  Mtiee  Uie  abMrbftbllity  ie  not 
perfect  we  do  not  iiae  tbe  figures  givco  here,  but  rather  the  relntiw;  efBcirncy  of  the 
fOoda  ara  ibown  in  the  following  tiibin  whidi  pxprenaoa  hnw  many  tuiluriua  of  energy 
are  actually  a\'ailable  to  the  body  for  each  gram  of  fuadalufT  catnn: 

Protein  4.0  cnt>.  per  gram. 

Carbohydrata 4.0      "       "      " 

FkU 8.9     "      "      " 

Aloobol M     "      "      - 
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draw  the  fat  in  the  diet  mentioned  and  replace  it  with  an  equivalent 
amount  of  carbohydrate,  equivalent  that  is  in  tlio  amount  of  energy  it 
contains.  For  this  purpose  the  subject  after  a  lew  days'  interval 
re-entered  the  calorimeter  and  ior  a  period  of  Ibree  days  did  nearly 
the  same  amount  of  work,  but  the  cream  was  uow  witlidrawn  from  his 
diet  and  cane  Bugar  containing  the  same  amount  of  eiicrgj-  substituted 
for  it.  On  the  fat  diet  the  fat  furni&hed  60  per  cent,  of  the  total  energy ; 
on  the  carbohydrate  diet  the  carbohydrates  furnished  about  4,000  calories 
OP  nearly  80  per  cent,  of  the  total.  The  total  energy  outgo  was,  as  before, 
5^00  calories  per  day.  Of  this  amount  the  equivalent  of  602  calories 
was  in  the  form  of  external  work. 

The  respiratory  quotient  while  on  the  carbohydrate  diet  was  0.92 
on  the  average,  on  one  day  being  as  high  aa  0.946.  Now  if  the  carbo- 
hydrate cannot  be  used  as  efficiently  to  produce  energy  as  tlic  fats,  then 
it  would  be  necessary  for  the  body  to  call  upon  its  own  tissues  to  supply 
the  energy,  and  proteins  or  fata  should  be  catabolized.  As  a  matter  ol 
fact,  the  experiment  showed  that  the  body  lost  on  the  average  per  day  I 
the  following  amounts  of  materiul :  Protein,  1.12  grams;  fat,  21.48  grams;  f 
carbohydrates,  2G.1G  grams,  and  water  was  gained  to  the  extent  of  199.63 
^ams. 

In  the  fat  experiment  there  was  a  loss  of  body  fat,  but  a  gain  of 
protein  and  carbohydrate.    The  change  waa,  however,  small.    From  this 
it  might  appear  that  the  fats  were  slightly  better  sources  of  energy  for 
tho  body  than  the  carbohydrates,  but  as  a  matter  of  fact  these  two  [ 
substances  are  really  nearly  equivalent.    The  slight  dilTerence  wna  duo  I 
to  the  energy  output  being  somewhat  greater  in  the  second  experiment.  I 
From  this  experiment,  then,  the  conclusion  may  be  drawn  that  the  body  I 
can  get  its  heat  and  the  energy  for  its  eilemai  work  from  either  fata  or 
carbohydrates  and  that  they  replace  each  other  in  the  energy  balanms  oC 
the  body  approximately  according  to  their  calculated  heat  equivalenta. 
They  arc,  in  other  words,  isodynamic. 

We  have  now  to  consider  the  proteina.  Are  they  altto  equivalent  to 
the  others  as  energy  producers!  Does  it  make  no  differoueo  so  far  aa 
the  body  is  eoneerneil  whether  the  energj'  is  supplied  from  protein  or 
carbohydrate!  It  is  at  the  outset  clear  that  proteins  and  fata  suil^ce  for 
the  greater  part  of  the  food  of  many  people,  namely  the  Esquimaux, 
Further,  carnivorous  animals  generally  have  very  little  carbohydrate 
in  their  diet,  and  yet  they  are  capable  of  great  exertion.  Moreover,  ia 
the  calculations  which  have  been  made  in  the  experiment  eitfid,  it  is 
assumed  that  tlie  protein  is  oxidized  and  produeos  heat  and  energy  in 
proportion  to  ita  content  It  is  not,  of  course,  possible  to  substitutfl' 
the  proteins  completely  by  fats  or  rarbohydrales,  since  the  latter  coa 
tain  no  nitro{;en,  but  it  is  possible  to  supply  the  whole  needs  oC  the 
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for  8  tiuie  at  least  witli  prot«m  and  a  small  amount  of  £at  or  carbohf- 
drate.  The  proteins  caa  replace  tlic  latter  as  soarues  of  energy  as  shown 
by  Rubuer.  100  grains  of  fat  are  cquivalunt  to  227  p-ams  of  protein 
or  ciirboiiyilratc  iu  the  food,  accordiue  to  Kubncr ;  or  223  grams,  accord- 
ing to  Atwator. 

Bui,  whUo  the  foods  tlms  bavc  au  isodyuuint>:  avlJou  in  this  sense,  they 
are  of  ojurso  by  no  mfauB  eiiuivalout  pliysiologii-ally.  Each  has  a  spe- 
ei£e  action  in  nutrition ;  the  proteiua  affect  the  production  of  heat  direetly 
appan^utly  by  Hliuinlatiiig  it;  they  are  nw;»i9sary  to  the  formation  of 
mauy  of  thu  iult-rual  sfuretrons,  and  they,  or  the  foods  which  contain 
them,  may  have  a  direct  action  on  the  nervous  s>'stcm.  The  digesti- 
bility is  difTcrcut.  Then:  arc  also  other  substancos  in  foods  besides  the 
proteins,  fats  or  carbohydrates  which  are  of  great  importance,  of  vital 
importance  indeed,  although  present  in  sinall  amonnts.  These  mil  be 
cuusidered  prosonlly. 

Growth. — Thus  far  tlie  foods  have  been  ooiisiderod  only  as  the  sourt'O 
of  energy.  That  energy  u-as  sliow-n  to  be  necessary,  firtit,  to  supply  the 
heat  nccesaary  to  keup  the  temperature  of  the  body  high  enough  to  per- 
mit the  chemical  processes  to  oueur  wttli  tjiiHiL-icut  spued  aud  to  keep  the 
protoplasm  in  the  necessary  condition  o£  viscosity;  second,  to  furnish 
the  energy  which  is  transformed  in  doing  external  and  internal  worlt, 
for  energy  is  consumed  in  moYing  the  blood,  in  secreting  the  urine,  as 
well  as  in  all  the  bodily  movements;  and  third,  to  furnish  the  cnerg>' 
used  in  the  syntheses  of  specific  materials  in  the  body,  for  not  all  the 
chemical  transfomialions  in  the  bodj'  are  exothermic  decompositions; 
there  ore  also  synthetic,  reducing,  endotJiermic  reactions  by  which  some 
heat  is  rendered  latent  and  in  virtue  of  which  the  specific  materiala  of 
the  body  are  produced.  But  foods  are  needed  not  only  because  with 
oxygen  they  supply  energy;  they  must  also  eonslruet  Uie  madiine.  They 
are  the  raw  nmterials  from  which  the  body  is  made.  It  is  probable, 
although  it  is  not  certain,  that  much  of  the  materials  whicli  are  oxidized 
in  the  body  are  built  into  the  real  living  matter  t>cfore  they  arc  oxidized. 
In  other  words,  it  is  the  living  malter  wliicli  is  burning  ami  not  the  focKls 
as  such.  Poods  may  or  may  not  (contain  energy,  but  Ihcy  must  have  the 
raw  materials  out  of  which  the  body  is  formed.  They  must,  in  other 
words,  nourish  the  body.  And  it  is  from  this  point  that  we  shall  now 
eonKider  them. 

Summary. — In  this  chapter  we  have  considered  the  income  and  outgo 
of  the  energy  of  the  body  considered  as  a  whole.  The  body  is  wanner 
than  its  surroundings.  It  is  constantly  giving  off  heat.  The  amount 
of  lieat  given  off  in  tlic  course  of  the  day  by  a  man  at  rest  is  about 
2,500  calorics,  and  during  working  days  it  is  greater  tlian  this.  Energy 
leaves  the  1>ody  not  only  as  heat,  but  some  is  converted  into  potential 
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energy  of  work  done  and  Bome  into  the  potential  energy  involved  in  the 
iKparatioa  of  the  water  molecules  to  the  form  of  a  vapor.  The  source  of 
the  heat  of  the  body  was  long  a  puzzle.  It  was  found  by  the  French 
cbomist)  Lavoisier,  t,hat  it  came  from  the  combustion  of  the  materials  of 
the  body,  and  in  particular  from  the  combustion  of  the  carbou  and 
bydrogen  of  the  body  by  the  oxygen  of  the  air.  Oxygen  enters  the  body 
by  the  lungs  and  combines  with  the  varbon  and  hydrogen  in  the  tissues 
giving  carbon  dioxide  and  water.  This  combustion  does  not  tAke  place 
in  large  measure  in  the  lungs  or  in  the  blood,  but  chiefly  in  the  tissues 
and  in  the  muscles  in  greater  part,  since  these  are  the  most  buUgr  tissues 
of  the  body. 

The  measurement  of  the  heat  given  off  is  made  by  means  of  a  respire 
tion  calorimeter.  The  most  perfect  of  these  instruments  has  been  con- 
structed in  this  countiy.  By  this  calorimeter  it  was  shown  that  the 
amount  of  heat  given  oft  in  pereeptible  heat,  or  in  other  forms  such  as 
latent  heat  of  vaporization,  is  erjiiivaleut  to  the  amount  of  heat  set  free 
by  the  combustion  uf  tlie  carbohydrates,  fat  and  protein  burning  in  tlie 
body.  The  source  of  animal  huat  is,  hence,  the  combustion  of  these  mate* 
rials  and  the  amount  of  huat  is  that  calculated  from  the  combus^tion,  So 
far  as  the  mcasurGmcnts  go,  tlicy  indicate  that  there  is  a  balance  between 
the  income  and  outgo  of  energy  and  that  the  law  of  cons(>rvation  of 
energy  holds  for  human  beings  as  well  as  for  other  animals.  The  human 
body  does  not  have,  so  far  as  can  be  determiiiod,  any  otiior  source  of 
energy  than  tho  combustion  of  its  outerials.  Hespiratiou  and  heat  pro* 
ductioQ  are  thus  related. 

The  amount  of  heat  produced  and  of  carbou  dioxide  given  oS  per 
kilo  body  weight  varies  at  different  ages  and  Is  greater  in  children  than 
in  adult  animals.  It  is  generally  larger  in  small  animals  than  iu  largo 
of  the  some  kind.  There  is,  hence,  a  more  rapid  rcspiratiou  and  heat 
production  in  the  young  than  in  adults,  and  this  is  true  even  for  the  heat 
production  por  unit  of  surface  area  of  tho  body.  In  other  words,  the 
metabolism  of  youug  is  higher  than  that  of  older  people. 

Some  light  may  be  thrown  on  ttie  nature  of  the  materials  burning 
in  the  body  by  tlie  study  of  the  respiratory  quotient.  This  is  the  ratio 
between  the  volume  of  cai'bon  dloKide  exhaled  and  tlic  volume  of  o^tygcn 
consumed.  The  respiratory  quotient  is  unity  for  the  combustion  of 
carbohydrate,  about  0.8  for  proteins  and  0.71  for  fats.  It  may,  for  ^or( 
spaces  of  time,  be  larger  than  one,  or  smaller  than  .7. 

By  the  use  of  the  respiration  calorimeter  it  hns  heen  found  that  the 
earboliydrates  and  fats  can  very  largely  replace  each  olher  in  tlie 
metabolism  of  tJie  body  and  that  in  the  absence  of  much  of  either  of  these 
the  energy  required  may  come  from  the  proteins.  The  latter,  however, 
have  also  a  direct  action  on  the  body  in  tliat  they  increase  the  beat  pny 
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duction  and  bave  in  this  way  a  specific  action  differeut  £roiii  the  fats  aud 
sugars.    The  expIaoatioD  of  this  action  is  aa  yet  o1)scare. 

Finally,  while  we  speak  o£  the  foods  as  oxidiuog  in  the  body  aud 
while  for  practical  purposes  they  may  be  treated  as  if  they  were  under- 
goiog  oxidation  in  thia  way,  it  is  more  probable  that  it  is  not  the  food3 
which  are  oxidizing,  but  tlie  living  mutter;  and  Uiat  the  foods  only  oxi- 
dize as  they  are  combined  in  tlte  living  proloplasra.  When  life  ceases, 
the  oxidation  of  the  food  stops.  It  is  impossible  thus  far  to  isolate  from 
dead  protoplasm  8ubstftnccs»  or  cnzymca,  which  have  the  power  of  oxidiz- 
ing the  foods  apart  from  living  matter.  The  oxidation  of  the  purine 
bases  is  a  possible  exception  to  this  statement.  The  question  of  the  nature 
of  the  combustion  is  considered  more  fully  farther  on. 
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CHAPTER  VII. 


TEE  RAW  aiATKHIALS  OR  FOODS. 


Foods.— The  body  consists  of  water,  various  soltu,  of  pro- 
teins, carbohydrates  and  fats,  and  various  other  organic  substances 
which  are  formed  from  the  latter  in  the  course  oE  their  decom- 
position ia  the  body.  These  organic  coustitueuta  of  the  body  arc 
burning  or  oxidizing  as  long  as  life  lasts,  and  it  ia  1li«ir  combustion 
which  gives  rise  to  the  heat  of  the  body;  to  the  energy  appearing 
as  work  done,  or  transformed  into  such  otlior  forms  of  oaergy 
08  chemieal,  or  eloclricnl.  liy  this  combustion  of  its  substanws  simply 
compounds  are  produced,  such  as  carbon  dioxide,  water,  urea  and  many 
other  substances  which  are  constjintly  leaving  Uie  body  in  the  excre- 
tions, either  through  the  slcin,  by  the  lungs,  kidneys  or  alimeutarj'  canal. 
The  water  leaving  the  body  by  the  skin  or  kidneys  carries  out  always 
some  of  the  salta  with  it  in  solution,  so  tJiat  ilte  body  is  constantly  losing 
carbon,  nitrogen,  oxygen,  hydrogen,  salt  and  water.  The  body  may  be 
likened  to  a  lamp  which  as  long  as  combuHtlon  continues  continues  to 
give  light  and  heat.  So  the  body  as  long  as  it  eonlimici!  to  bum,  or,  as 
it  is  called  in  living  things,  to  respire,  continues  to  give  off  heat  and 
those  various  forms  of  energy  found  in  living  things.  And  just  as  the 
lamp,  if  the  supply  of  oil  nms  low,  burns  it.s  wick,  one  of  its  constituent 
parts,  and  is  ultiniatoly  extingtitslictl ;  so  in  the  body,  if  tlie  supply  of  food 
or  raw  material  lor  combustion  is  cdiaiistcd,  it  burns  in  part  its  own 
substance  and  then  life  is  extinguished.  But,  white  this  analogy  with 
a  lamp  or  candle  ts  in  many  ways  most  njtt,  it  must  not  ha  implied  too 
far,  for  the  body  not  only  bui-ns  the  fuel  supplied  it,  but  inauufacturM 
or  repairs  the  wasting  of  the  macliinerj'  of  the  body.  It  is  as  if  tlie 
lamp  were  able  to  make  new  wick  material  from  the  oil  so  as  to  make 
good  the  loan  of  wick  material  which  occurs  daily. 

Food.  Definition. — The  term  food  has  been  variously  defined.  It 
haa  been  said  to  be  a  substance  containing  available  potential  energy, 
that  is  energy  whieli  can  be  utilized  by  the  body.  Hut  by  this  definition 
some  poisons  are  foods,  since,  like  alcohol,  morphine  or  caffeine,  they  are 
partly  oiidize<l  in  Uie  body  and  thus  setting  free  their  energy  contribute 
to  its  work  or  its  store  of  heat ;  and  other  substances  sucli  as  water,  salts 
or  oxygen  which  arc  absolutely  necessary  to  the  body  are  not  foods,  since 
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they  carry  no  energy  int^i  ihrj  liodj*.  Oliviousty  such  a  Jeflnitiou  is  of 
very  litUe  value.  A  fowl  has  one  characleristic,  it  has  tho  power  ot 
repairing  waste,  or  contrilmting  subBlancc  necessary  for  tho  growth 
of  the  body.  The  borly  is  not  a  stove  which  burns  fuel.  Foods  do  not 
burn  us  they  tlo  in  a  stove,  being  contained  in  the  material  but  not  made 
port  o£  it.  It  is  trti<!  that  some  oxidation  of  thJs  kind  may  occur,  but 
not  the  combustion  of  the  foods.  It  is  the  living  matter  whit?h  is  burn- 
ing, not  llie  footlg  which  arn  in  it.  Foods  may  or  may  not  bring  avail- 
able energy  into  tho  body;  but  thpy  all  repair  waste  and  provide  the  raw 
,l8  for  growth.  All  fiiibRtances  which  have  this  power  are  foods; 
hirh  lack  it,  altboiiph  they  may  be  burned  in  the  bocly  and  set 
free  energy,  arc  not  foods.  Thus  water,  salts,  oxygen  are  tme  foods. 
All  things  necft-wary  for  the  construction  of  the  living  machine  are  foods. 
Poifioius  such  as  alcohol,  caffeine,  morphine  or  other  substancc-s  which 
may  be  oxidized  in  the  body,  but  which  are  incapable  of  repairing  waste, 
— these  are  not  Foods.  All  Hiibstancpa  which  do  not  nourish  living  matter 
anil  which  are  not  chemieally  inert  are  hannfiil  to  it.  So  a  poison  may 
be  defined  as  a  Kubslani'e,  not  a  food,  which  ael«  chemically  on  the  body. 
Too  much  of  one  kind  of  food  or  too  little  of  another  may  be  harmful, 
but  such  sulnsfanccs  do  not  thereby  become  polnons.  They  arc  still  foods. 
On  tho  other  hand,  poisons  may  change  living  matter  in  a  manner  to 
benefit  it  temporarily,  or  restore  it  when  it  has  been  disturbed,  hnt  such 
mbstanees  arc  none  tho  loss  poisons,  although  they  may  be  temporarily 
iiBcd  for  valuable  ends.  No  material  lias  as  yet  been  found  whiell  is  able 
to  improve  protoplasm  so  that  tl  will  live  longer  than  it  docs  under  its 
normal  circumstauoea.  All  substances  not  foods  shorten  lif«  when  they 
find  entrance  to  protoplasm,  proi-ided  they  are  taken  in  sufTictent  amount 
to  affect  it  at  all. 

The  food  materials  miist  contain,  then,  the  materials  out  of  which  the 
body  is  made,  and  we  may  at  this  time  examine  the  constitution  of  vari- 
ous ffwxls  as  raw  malerials  for  the  manufncture  of  the  body. 

Water. — Human  beings  normally  require  3-5  liters  of  water  per  day, 
•Ithougfa  life  is  possible  on  less.  Some  of  this  is  obtained  in  the  foods; 
fruit  and  many  vegetables  consist  of  80-90  per  cent,  of  water,  but  most 
is  taken  in  beverages  of  various  kinds.  Water  that  we  drink  is  never 
pare.  It  always  contains  salts  of  various  kinds  in  solution  and  these 
salts  may  have  a  pby.<;iological  action.  Thns  hard  and  soft  waters  may 
differ  in  their  action  on  the  bowels;  in  localities  using  hard  waters  goiter 
is  often  endemic,  though  it  is  very  dmibtful  whether  the  hardness  of  the 
water  due  to  the  lime  salts  in  it  has  anything  to  do  with  the  goiter.  It 
is  more  probable  that  the  cause  of  the  goiter  is  an  organic  substance  or 
germ.  Thos  in  the  region  of  the  Great  Lakes  goiter  i^  very  common. 
Nearly  all  the  dogs  in  Chicago  are  more  or  less  goiterons.    In  general. 
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also,  hard  waters  are  constipatiug.  soft  relaxing.  But  this  effect  again 
is  not  due  to  the  ffatcr,  but  to  the  salts.  Some  waters,  too,  are  radio- 
active  and  at  tJie  present  time  lliere  is  a  good  deal  of  evidence  indicating 
that  this  circumstance  is  of  importance  in  the  heneficial  action  of  such 
waters  in  many  diseased  states.  How  the  radio-activity  produces  any 
physiological  action  is  still  quite  ohecure.  No  one  has  as  yet  shown  that 
living  matter  tg  at  all  radio-active,  eo  tJint  we  have  no  n>ason  for  thinking 
that  radium  in  minute  traces  may  be  a  necessary  part  of  our  foods.  Still 
it  is  not  impossible  that  this  may  bo  the  case.  Minute  traces  of  substances 
are  frequently  of  cxtraonlinary  importance.  Thus  it  was  recently  found 
by  Berthelot  that  manganese  in  «xtrei«ety  small  amounts  was  necessary 
for  the  development  of  the  gonidia  in  Aspergillus.  The  amount  of  man- 
ganese which  was  ncccssai-y  was  so  small  that  it  was  very  difficult  to 
provide  water  and  containers  and  foods  which  did  not  liave  these  minute 
traces,  so  that  growth  was  impoesihte.  This  fa<>t  mak(^H  oue  very  cautious 
in  concluding  that  minute  traces  of  substances  which  oci-ur  in  living 
matter  may  not  have  an  influcDCC  on  it.  While  the  favorable  action  of 
various  naturally  radio-active  waters  is  to  he  ascribed  in  part  to  the 
salubrity  of  the  climate,  to  the  more  restricted  did  generally  enjoined  on 
those  who  visit  these  watering-places  for  health,  to  enforeed  exoreise, 
to  diminished  intestinal  putrefaction  dnc  to  the  laxative  action  of  the 
water  or  to  drinking  more  water,  since  many  people  usually  drink  too 
little,  yet  some  of  the  action  it  seems  most  probable  is  almost  certainly 
due  to  their  radio-activity. 

Diversity  of  foods.  Importance. — The  various  food  materials  of 
civilization  ha%'e  enormously  multiplied  in  kind  with  the  improvement  of 
transportation  and  the  introduction  into  all  countries  of  the  products  of 
other  countries.  The  temperate  itone  now  obtains  Ilie  vegc^lablea  and 
fmits  of  tho tropics;  and  America  not  only  has  its  native  vegetables,  such 
as  the  potato  and  maize,  but  it  cultivates  also  those  of  nearly  all  otlicr 
lands.  The  diet  of  the  human  race,  and  in  particrular  of  .Americana,  hu 
thus  become  enormously  more  varied  than  that  of  any  group  of  people 
ever  before  existing.  This  is  due  in  part  to  the  favorable  location  of  tlie 
oountrj-,  reaching  as  it  does  from  the  tropica  to  the  north  and  having 
no  custom  duties;  and  in  part  it  is  due  to  the  efforts  of  the  Department 
of  Agriculture  to  introduc*  into  the  country  all  those  fniits  and  cereals 
whieh  are  cultivated  elsewhere  and  which  custom  has  shown  lo  be  valu- 
able foods.  As  a  varied  diet  Is  more  certain  lo  contain  all  those  food 
materials  which  the  body  needs  than  is  a  restricted  or  monotonous  diet, 
the  general  result  of  this  expansion  in  the  kinds  of  foods  consumed  is 
certain  to  be  good;  for  what  one  foodstuff  may  lack  in  one  particular 
is  certain  to  be  contained  in  another. 

With  the  wonderful  development  of  chemistry,  also,  food  substances 
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arc  now  luanufactared  from  materials  wliicli  were  Formerly  Trotted. 
Thus  while  the  human  body  cannot  make  glucoac  from  cellulose,  the 
chemist  can  accomplish  this.  A  great  many  prepai'ed  foods  BupiMwodly 
more  nutritious  or  partially  digested  or  suitable  for  special  ends,  or 
having  a  great  many  other  real  or  irongined  advantages,  are  being  con- 
sumed in  constantly  increasing  amounts.  Mention  may  be  made  of  vari- 
ous infant  foods  designed  to  eke  out  or  replace  motlier's  milk;  break- 
fast cereals  of  all  kinds;  bran  and  wheat  mixtures  for  laxative  foods; 
and  so  on.  Tliis  development  of  tlie  chemical  manufacture  or  chemical 
treatment  of  foods  is  a  matter  of  the  ycry  greatest  importance  to  public 
healtli,  since  while  the  end  sought  is  in  many  ways  desirable,  the  foods 
by  chemical  treatment  arc  often  altered  in  their  chemical  composition, 
or  substances  not  naturally  in  the  foods  may  he  introduced  from  the 
chemicals  used  in  manufacture.  The  physiological  effects  of  even  small 
amounts  of  certain  compounds  is  so  important  that  it  is  very  necessary 
to  guard  against  the  admixture  of  any  toxic  or  harmful  substance  which 
may  be  present  in  the  chemicals  used  even  in  very  small  amounts.  Thus 
some  years  ago  sulphuric  acid  containing  arsenic  was  used  in  the  manu* 
facturo  of  glucose  from  starch.  The  arsenic  contaminated  the  glucose; 
the  glucose  was  used  in  tlie  manufacture  of  beer  and  many  people  in 
England  were  poisoned,  some  fatally,  by  the  arsenic.  It  is  important  to 
remember,  also,  that  in  the  chemical  treatment  of  foods  there  is  the 
possibility  of  forming  in  them  toxic  substances  not  in  the  food  itself. 
Often  the  effects  of  such  sabstances  in  small  quantities  are  not  immedi- 
ately apparent  and  it  is  extremely  difficult  to  trace  such  injurious  effects 
as  there  may  be  to  their  true  source  in  the  altered  food.  It  is  for  this 
rrason  that  any  manufactured  or  chemically  changed  food  which  has  not 
had  years  and  even  generations  of  t«sta  behind  it,  an  all  natural  foods 
have  had,  is  to  be  regarded  with  a  certain  amount  of  mispicion,  unless 
the  methods  used  in  its  manufacture  are  such  as  practically  to  preclude 
injury-  Physicians  and  scientific  men  have  particularly  to  be  on  thoir 
guard  against  hasty  indorsements  of  artificial  foods.  For  example, 
physicians  and  scientific  men  usually  mean  by  the  word  glucose  the  pure 
hexose  sugar,  dextrose,  and  when  the  problem  of  the  use  of  glucose  is 
presented  to  them  they  think  only  of  the  pure  sugar,  which  is  of  eonrse 
an  admirable  food.  But  (he  manufacturer  uses  the  term  glueose,  or 
did  use  it  for  a  long  period,  for  the  very  impure  mixture  obtained  by 
the  partial  hydroljrsis  of  starch.  TliIs  substance  not  only  contained  pure 
glucose,  but  many  other  suhstonr-cs  nuch  as  dcxtriris,  maltose,  etc. ;  it  occa- 
sionally contained  some  nitrogrnotis  subfitances,  and  if  made  with  impure 
materials  it  might  contain  some  deleterious  substances  such  as  arsenic. 
Before  indorsing  a  food  of  any  kind,  a  scientiflo  man  or  phj-sieian  would 
do  well  to  consult  the  government  authorities  whose  business  it  is  to 
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investigate  sucli  foods,  their  eomtitution,  mclliods  of  raanufactiire,  etiL,' 
and  to  inform  people  of  their  desirability. 

Amount  of  food  required  by  a  human  adult. — The  tinman  adult 
requires  roughly  GOlSO^graniB  of  proteiu  a  day  and  suffieitmt.  fat  and, 
carbohydrate,  or  protein,  in  addition  to  oover  hiis  energy  requirements. 
AU  three  of  these  substances  are  found  in  all  the  foods,  but  in  widely 
var;}-ing  proportions.  Ve^tablee  contain  as  a  rule  &  ^eat  excess  of 
varboliydraln,  and  nipat  an  ext-ess  of  protein.  Many  ve^etal)!ps  contain 
much  water.  The  following  tables  give  the  proportion  of  food  matters 
in  tlie  principal  foodstulTs.  Attention  is  particularly  given  to  the  vari- 
ous meats  and  such  vegetablea  as  potatoes,  tuiTiips,  squash,  peas  and 
beans,  com,  wheat,  oatmeal,  and  the  fruits:  apples,  pears  and  bananas, 

28.    E.    0.    S.    Dran'.    or 


COHFOsmoK    or   Souk    Food    M-Muiuts.    Bdluctih 

AORICOLTCBB. 
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t^!IU■•      Walct 


BrlMkct,  mrilium  fat  at  purcttascfl. 

Arernge     23.5 

Ctiuok,  incSudinii  slioiitdcT.    MedJitm 

fat.  A»  purchased.  Avi?r&g^  ..  IS.S 
Flnnk.    All  tinuly«v«.    Avfragc.    A* 

pun>ha*(>ct 5.S 

I^in.    MtHiiim  fat.    As  purobasad. 

Averag:^     IS.! 

Round.     Flit.    Ak  ptiTi;tiii)ii>il 12.0 

Ilmrt.    Ab  purclinieil &.0 

Corned  buef.     Briokot 21.4 

Veal:  Frwth. 

I^;,  Imb.    Ai  puPQhaMd B.I 

1*g.    Cutlfta.    As  purohaMd  ....       3.4 

Mutton;  Fresh. 
hee.    Medium  fnt.    A*  purdinvcd  . .      18.4 
Ijhii,  without  kidney  or  talldw.    Ai» 
purchased    N.8 

Pork:  Pyesh. 

Hum.    HeilSutn  fst.     \n  ptirclinacil  10.7 

[Ain  thop*,  medium  fat IBJ 

Tendcrloiu  as  jiurchasMt  ..........  00 

Ilntn.     Smok«d    I2.S 

S*lt  pork,  tlcar  fat 00 

Bneoo,  «riak«d 6.7 

SknsagK.     Bologna 3.S 

Porfc  uusMga .... 

■  Cbielceni.    Broilers  as  purcliawd  ..     41.9 
Goose.    Edible  portion 

"        As  pur«hn«>Ml   17.4 

Fish.    Slackvrel.    Whnlw.    As  pur- 

chmwd    - 44.7 

Mackncl.     Edililr  portion      .... 

Ents-     tTneookw!.     Edible   portion 

"  *  An  purdiBwd   . 

Ens.    Boiled  whites  

^  "      yolks     


11.2 


S8.2 
R4.n 
83.2 
40.O 

68.3 


rralrlii 
N*lt-93 


10.4 
20.1 


48.0 
41.ft 
0G.5 
i&S 
7.8 
10^ 
B5.2 
3fl.8 

43.7 

40.7 
iHA 

40.4 

73.4 
73.7 
05.6 
8II.2 
40.6 


12.  R 
16.3 
13.4 

10.2 
18.7 
14.R 
13.9 
13,0 
18.1 


^•i 


Tout  car- 
buhrdmlcH 


Ash  VOiDC 

IHIU1I' 


2S.» 
&4.8 

13.0 
93.2 
8«.e 
fin.4 
1(».7 
44.2 


r 


620 

690 


0.3  (!) 
1.1 


134S 
1270 
000 
1070 
SflTO 
268S 
1170 
2128 

20S 
1930 
1S06 

805 
64S 
7«0 
636 
2(10 
170S 
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Food*  Knfuw 

BiilW.     As  ptirchB»ecI   

Buttermilk.     Ar  (iuTfliiux>d   

Chens.    AmericAa.    Pale 

Cbtem.    Cultage 

Cf iceae.     Dutch    

Chccae.     Roquefort . 

SIflk.  Whole  A«  purchased  .... 
Milk.  Evunorateil.  tJjisvr«*ten«l 
Uilk.  CouicuHtl.  Swvclcnrd  . . . 
Okomargariue 

VegcUbk  (ooSm. 

Corn  iqmI.    Grtuiiilftr 

Com    Dour 

Ontmeml 

Bollml  mU   

OstnuAl  boiled  

Rice    

WhMt  floor.     Entirn  whcnt    , 

WhpJttfloiir.    Pa(*nt  Tollar.    Fkis- 

fly  Jtrnde.    BpHn^  nlx-nt 

Wheat  tlotir.     Winter  whoat  .... 

WliMti  BrMkfMt  foods. 

Farin* 

Shi*«Jd«!    

Mawironi , 

Cooked    

WbMt     brtnd.       As     pirchnepd. 

Home  made 

Wbwt  bnad.     Wlinlv  whrnt    .      . 

Crackers.     Ovnter  crackcn 

Soda    

Apple  pie 

Honey , 

Vegotablee. 

Aipara^tu.     Freah 

Buini,  butttr,  gruen.  EiIiMR  poitinn 

"  "        As    piireliofcC'l     50.O 

"      litua.     lidiblo  {lortioii 

"      Siring.     Cooked 

BmIs.     Cooked    

Cabbngir.     Kdible  portion.     Frcah 

CarroU.     Ooolccd    

Com.    Orecn.    Edible  portion  ... 

Cuuuinbcra.     Edible  portion    

Egi;  plant.    Edible  portion 

LfRtila.     Dried 

P*M.     Dried   

Paaa,    grson.      Cooked.       Ediblo 

Portion    

Potaloca.    Cooked.     Ruilnd     .    . 

Maahed      nod 

ereamvd 

PoUtoML     Sn-cct.     }taw.     Bdlble 

portion 

Squash.     Edihif  portion  

Tomatoea.     Praali  


Paal 


WM«r 

rroi*)ii 

r»t 

Tnul  car- 

JLtb  nloa  ntt 
ponnd 

KiR.«t 

lioliriknilM 

11.0 

1.0 

85.0 

XQ 

3005 

91.0 

3.0 

0,S 

4.8 

0.7 

ISS 

31.0 

28,8 

35.0 

0.3 

3.4 

soss 

72.0 

KO.B 

1.0 

4.3 

1.8 

610 

.')&.2 

37.1 

17.7 

10.0 

1435 

39.3 

22.6 

29.5 

1.8 

0.8 

1700 

87.0 

3.3 

4.0 

6.0 

0.7 

.125 

BR.8 

S.fl 

0.3 

11.2 

1.7 

780 

2ft.& 

6.8 

8.3 

64.1 

1.0 

IGSO 

9.S 

1.2 

83.0 

8.3 

3&S5 

12Jf 

9.2 

l.ft 

75.4 

1,0 

IMS 

12.  A 

7.1 

i.a 

78.4 

0.9 

1040 

7.3 

16.1 

7.2 

07.5 

1,9 

1860 

7.7 

18.7 

7.3 

<«.2 

2.1 

IS30 

84.fi 

2.9 

0.5 

1I.S 

0,7 

286 

12.3 

8.0 

0.3 

79.0 

0.4 

1630 

11.4 

13.8 

1.9 

71.9 

1.0 

1675 

11.0 

in.ft 

I.l 

75.6 

0.5 

165S 

13.1 

12.3 

1.1 

73.0 

0.6 

1036 

io.g 

11,0 

U 

7«.S 

0.4 

1666 

8.1 

10.5 

1.4 

77.9 

2.1 

1700 

10.3 

13.4 

0,0 

74,1 

1,3 

IS66 

79.4 

3.0 

I.S 

15.S 

1.3 

416 

35,0 

8.1 

l.« 

63.3 

1.0 

1220 

38,-< 

8.7 

(T-fi 

4»,7 

1.3 

1140 

4.8 

11.3 

1Q.G 

70.5 

2.9 

1905 

6S 

fl.S 

9.1 

73,1 

2.1 

IflSS 

42.0 

3.1 

9.8 

42.8 

l.ft 

1270 

IR.S 

0.4 

81.2 

0.2 

1S20 

»4.0 

1.8 

0.2 

iJ3 

0,7 

105 

58.9 

9.4 

0.8 

29.1 

2.0 

740 

M.4 

4.7 

0.3 

14.6 

1,0 

370 

08.6 

7.1 

0.7 

22.0 

1.7 

070 

BS.3 

0.8 

1.1 

1,0 

0,9 

05 

sao 

2J 

0.1 

7.4 

1.0 

188 

SI. 5 

l.S 

0.3 

5.0 

1.0 

14S 

3.£ 

7.7 

3.6 

80.3 

4.9 

1700 

75.4 

3.1 

1.1 

19.7 

0.7 

470 

».4 

l>.8 

0.2 

3.1 

0.5 

SO 

9S.B 

1.8 

0.3 

6,1 

0.5 

130 

8.4 

24.7 

1.0 

60.2 

5.7 

1«20 

9.5 

24 .6 

1.0 

62.0 

2.9 

1655 

74.S 

7.0 

0.5 

10.9 

1.0 

405 

75.5 

2.5 

0.1 

20.9 

1.0 

440 

70.1 

2.0 

3.0 

17.8 

1.5 

503 

<I9.A 

1.8 

0.7 

27,4 

1.1 

570 

flaa 

1.4 

0,5 

9.0 

0.8 

215 

t4Ji 

0.0 

0.4 

3.9 

0.5 

105 

30  a 


pcysiOLoaicAL  chsuisikv 


ru*i 

Wau* 

l'rol«in 

rtt 

T<iUI  e«r- 

A*ll  tnlit^  rn^i 

Iix&» 

Imtixd  rates 

^(luQ 

84.8 

0.4 

0.6 

14.2 

o.s 

sw> 

75.3 

1.3 

0.9 

22.0 

0.8 

480 

SS^ 

1.3 

0,0 

10.0 

0.5 

270 

SS.(» 

0.8 

0.8 

ll.« 

0.5 

2«0 

MA 

o.e 

0,5 

14.1 

0.4 

205 

4.8 

21.0 

S4.» 

17.3 

2.0 

3030 

&.A 

17.0 

66.S 

7.0 

.1.9 

320S 

8.T 

1(.4 

07.4 

ll.i 

2.1 

3348 

9.2 

2S.fi 

3a  0 

21.4 

2.0 

2SfiO 

fo«4a  B*riiM 

Fniito. 

Apples.    Hdibte  portion 

BonitnaB.      "  " 

Btackberrlea     

Oningeit.     Edible  portUm   

Feara.    Edtbt«  portion 

KuU. 

Almonds.     Edible  portion    

Branil  nut« 

Hickorjr  nuto 

Peanuts 

Milk. — Milk  is  a  food  for  the  young  and  growing.  It  is  a  most  inter* 
flBting  food,  since  it  represents  Ihu  answer  Nuturo  lins  given  to  the  (|ucs> 
tion  as  to  tlie  bi-st  rood  for  developing  mnmmiita.  After  a  very  long 
period  of  cxpcrimcnlalion  in  tlio  monotmincs,  marsupials  an<l  lower 
placental  mammals,  the  milk  of  the  higher  plaeentals  was  evolved.  It 
ig  probable  that  there  arc  pood  ri-asoaB  for  tlie  presence  in  milk  of  most, 
if  not  all,  of  its  oouutitueuU.  Milk  is  tha  secretion  of  the  mammary 
glands  and  tboso  are  modified  skin  glands.  The  (ton^tituenlii  of  Uie  milk 
arc  for  the  greater  part  mannfadured  in  llie  gland  itself;  some  of  tlicm, 
liowevcr,  como  directly  from  tlie  blood.  The  organic  subiitances  in  the 
milk  arc  peculiar  to  it.  They  aro  not  found  in  other  tiiiHtica  of  the  body. 
Human  milk  is  alkaline;  to  litmtu ;  eon's'  amphoteric.  The  specific  gravity 
is  1.026-1.035. 

The  compoHition  of  the  milks  of  the  different  mammals  varies,  but 
they  are  alike  in  their  fundamental  qiialilicB.  In  all,  tlio  orgauie  mat- 
ter consists  for  the  moat  ]>art  of  jiroleiu,  earliohydralo  and  llpin,  and 
eaeh  of  ihcie  is  peculiar  to  milk.  The  carbohydrate  is  laetoae;  the  lipin 
Ls  peculiar  bccauae  of  tJic  proportion  of  fatty  acids  of  low  molucular 
weight  it  contains  and  also  for  its  spwial  properties  in  nutrition;  the 
protein  is  largely  casein.  The  composition  of  human  and  cows'  milk  is  as 
follows  (Meigs) : 


HniHii  milk 
Cow'»  milk  . . 


Pttttvt. 
.    4—4 

,    s— i 


Lmiom 
r«r«eot. 

6— 7.» 
3.5—6 


Per  cant. 
0.7—1.5 
2.6—1 


IVrq»Bi. 

0.16—0.8 
0.6^-0.77 


Besides  the  substances  mentioned  in  the  foregoing  table,  both  cows' 
and  human  milk  contains  organic  substancea  which  have  little  or  no 
nitrogen,  which  aro  soluble  in  ether  and  nh-nhol,  ns  well  as  water,  hut 
of  which  the  chemical  nature  is  still  unknown.  Tho  amount  of  these 
8ub.stances  in  human  milk  at  the  beginning  of  lactation  is  about  1  per 
cent.,  and  in  the  middle  period  of  lairtation  about  0.5  per  cent.  Cows* 
milk  at  the  middle  of  lactation  eontaius  about  0.3  per  eeut.  These  sub- 
stances are  possibly  of  great  importance  in  nutrition. 

The  composition  of  the  milk  varies  at  diDTerunt  periods  of 


if  lactation.     1 


THE  KAW   MATKRIAI^  OR   FOODS 


aoT 


The  milk  secreted  during  tJie  first  three  or  four  days  after  delivery  is 
called  colostrum  milk.  According  to  Kecnie  coloetram  of  cows  has  ihe 
following  composition: 

Water 74.87 

SoHda 25.33 

Cnuin 4.04 

Albumin  Knd  globulin  13.00 

P»t    SM 

haxtoBt    I £.87 

Salto    IM 

The  colostrum  is  richer  in  proteins  and  total  solids  than  the  lat*r  milk. 
It  contains  many  cells,  milk  corpuscles,  which  contain  nuclear  m«t«rial, 
whereas  the  later  milk  is  practically  free  from  such  material.  The  fat, 
also,  is  different  in  that  it  has  a  higher  melting  point,  a  higher  iodine 
number  and  it  contains  more  cholesterol  and  lecithin.  The  protein  mate- 
rial is  different.  It  contains,  probably  in  the  coloslrum  corpust-lcs,  mow 
coagiilahle  proteins,  so  that  unlike  ordinary  milk  it  coagulates  on 
heating.  Tliese  same  differences  between  colostrnm  and  later  milk  are 
shown  also  io  human  milk,  but  they  are  not  so  marked.  Meigs  gives  the 
following  figures  of  the  human  colostrum  and  later  milk,  comparing  the 
total  nitrogen.  t)ie  casein,  globulin  and  albumin,  and  unknown  substances 
(figures  in  per  cent,  of  weight  of  whole  milk) : 


TotftI  H    N  III  t-uKrU,  aitil 

ululiullu  IJIWIp- 

Vlofwrt  lif  HUG' 

u«rli>ui     (ij|. 

[ill  BUI; 

D.IST2 

0.1377 

0.4025 


N  In  kihiinilTi 
prM;i|illal«il  hv 
■octlc  aclcl  ».nA 


cliiiu 


pircl|iiiatFd  bj 

«llhrr     Huso, 

or  lien  I 


0.0214 
0.028T 
0.0482 


O.0STS 
0.0542 
0.0216 


Odoatram   Hutufln    0.20S2 

S«lj  milk       "         a2U9 

C«in'  milk  (Guernsey)    0.(023 

The  main  differences  between  human  milk  and  cows'  milk  are  these: 
Human  milk  contains  considerably  more  lactose  than,  cowa'  milk  and 
more  substances  of  an  unknown  nature  which  contain  little  or  no  nitro- 
gen; it  contains  very  much  leas  protein  than  cows*  milk.  The  greater 
proportion  of  lactose  in  human  milk  may  be  corrotated  with  the  very 
much  grea.ter  brain  development  of  human  beings.  There  is  a  very  rapid 
myelinizAtion  of  the  fibers  of  the  brain  occurring  shortly  after  birth 
in  the  first  8i.Y  weeks  of  life.  In  myelin  there  is  a  large  amount  of 
galactolipins  of  the  nature  of  phrenosin,  or  cerebrosides  of  various 
kinds.  Galactose  is  oue  of  the  constituenis  of  this  material.  It  may 
be  that  the  larger  amount  of  lactose  in  human  milk  is  to  supply  this 
need.  No  other  place  of  formation  of  galactose  in  the  body  is  known 
than  the  mammary  glands  and  thefw  are  of  courBG  very  rudimentary  in 
Ihe  infant.  The  replacement  of  la[!tose  by  cane  sugar  in  milk,  or  in 
milk  substitutes,  would  seem  to  be  open  to  serious  criticism  on  this 
account.  It  must  be  remembered  that  the  mammary  glands  have  been 
evolved  primarily  to  make  a  food  best  8uit*d  for  rapidly  developing 
human  beings;  even  undiluted  cows'  milk  cannot  be  tolerated  by  very 
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younff  children,  although  its  composition  is  so  similar  to  hatnan  milk. 
Inasmuch  as  v<>  arc  quite  ignornot  of  tlic  composition  of  some  eonstitu- 
ents  of  milk  whtph  may  be  very  important,  the  attempt  to  fiiid  a  suitable 
substitute  for  human  milt  is  seen  to  bo  very  largely  a  gropiug  in  Uie 
dark. 

Proteins  of  milk. — The  proteins  of  milk  arc  casein  (English  call  it 
caseiiio^u)  and  lactalbumin.  Thi\se  two  proteins  lio  not  contain  all  the 
nitrogen  particularly  in  Ihe  early  alagtrs  of  lartatton,  whra  quite  a  tiir^e 
percentage  of  the  nitrogen  is  iu  the  form  of  substances,  extractives,  etc., 
which  are  not  precipitated  by  MgSO,  and  not  by  heat  after  slight  acidifi- 
cation. They  are  not  precipitated  either  by  AI{OH),  and  arc  presum- 
ably non -colloidal. 

Casein.  This  is  the  most  abundant  and  eharaeteristie  protein  of  milk. 
It  is  probable  that  each  kind  of  milk  has  its  own  kind  of  casein  iu  it.  In 
cows'  milk  there  is  about  3-4  per  eent.  of  casein;  in  human  milk  between 
0.5-1.5  per  cent.  This  protein  is  a  pliosphoprotein.  It  ia  a  conjugatf^J 
or  compound,  protein  containing  phoapborie  aeid.  It  is  a  strong  ocid^ 
probably  forming  three  or  four  scries  of  salts  and  having  4  or  6  car- 
boxyls  free.  ]is  molnpular  weight,  according  to  Van  Slyke,  is  about 
8,000,  Casein  has  several  peculiar  propei'ties.  It  is  not  coagulated  by 
heating;  it  is  precipitated  by  faint  acidification  with  acids,  hut  soluble 
iu  excess;  it  clots  or  coagulates  when  it  is  treated  by  a  proteolytic 
ensyme,  and  in  particular  by  the  enayme  found  in  calves'  stomachs,  or 
the  stomachs  of  other  young  mammals.  Its  percentage  of  composition  is: 
C,  53.00 ;  H,  7.00 ;  N,  15.70 ;  S.  0.8 ;  0,  22.65 :  P,  0.85.  These  figures  are 
for  eow's  casein.  When  hydrolyned  it  yields  the  amino-acids  shown  in 
the  table  on  page  129.  It  is  very  un.ttable  and  liydrolyzcs  with  great 
ease.  It  will  bn  noticed  that  it  is  remarkable  for  the  very  sniall  amount 
of  cystine  it  contains,  for  the  absence  of  glycocoll  and  for  the  large 
amount,  relatiTely,  of  tryptophane.  Furtherraoro,  the  qnaatity  ol 
unknown  splitting  prodnciti  ia  larcrr  in  ca.tein  than  in  many  other  pro* 
teins.  The  known  products  recovered  do  not  total  more  than  65  per  cent. 
of  the  molecule.  Among  the  acids  found  in  casein,  but  not  found  in  other 
proteins,  may  \te  mentioned  diamiuo-1ri()xydo<l(*pan«ic'  at-id,  C,;Hj,N,Oj 
found  by  Fischer  and  Abderlmlden ;  dioxydianiinosuboric  acid 
CbBjiN-O,,  found  by  Skraup;  caseanic  acid,  C,n|,N.O„  and  ca.ieini< 
acid,  C,,II,,N^Oi.  The  nature  of  these  is  uncertain  (Skraiip).  Caseinic 
acid  may  be  identical  with  dioiyaminododpcannic  acid,  although  it 
appeairs  to  differ  from  it  in  its  optical  rotation.  Caseins  from  van< 
animals  diiler  in  tlie  per  cent,  of  nitrogen  and  phosphorus.  Marcs*  auj 
tssGi'  casein  contains  more  nitrogen  (16.44-16.28  per  cent.)  thi 
cows'.  Asses'  eftsein  has  more  phoBphorus  (Tangl  and  CsAkfis)., 
Caacin    contains    ealeium.      The    amount    -varies.       (f)i>= — £>7.8 
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In  neutral  solution  it  is  lower, 
The  clotting  is 


—111.8'  in  a  N/ia-N/5  NuOU  (Long). 
j.e.,  —80'. 

The  preparation  o£  casein  is  described  on  page  691. 
discussed  on  page  376. 

Lactatbumin.  This  is  a  crystalUiable  protein  present  in  small 
amoiinlti  in  milk  and  rcsombles  seralbumin,  but  dilTci-s  from  it  in  its 
rotation,  («»)„  — — 37".  It  coagulates  at  about  the  same  temperature  as 
seralbumin,  i.e.,  72-80*.  Its  composition  is:  C,  52.19;  H,  7.18;  N,  15.77; 
S,  1.73;  O,  23.13.  The  amount  of  this  protein  in  human  mitk  is  about 
one-filtti  of  the  casein,  and  ia  cowa'  milk  it  is  about  one-tenth  o£  the 
amount  of  the  casein.' 

Lipins  oE  milk. — The  composition  of  butter  fat  bas  already  been 
gtvtiu  on  page  64.  It  is  remarkable  and  different  from  the  fat  of  most 
other  organs  in  the  large  proportion  of  butyric,  caproic  and  capylic  acids 
in  it;  in  the  proportion,  in  oUier  wortls,  o£  the  volatile  fatty  acids.  Milk 
fat  contains,  in  addition  to  the  glycerine  esters  of  the  usual  fatty  acids 
and  those  just  mentioned,  small  iiiuounts  of  both  lecithin  and  cholesterol. 
Koch  and  Woods  found  in  milk  0.036 — 0.049  per  cent,  of  phosphatide 
computed  from  the  phosphoric  acid  of  the  alcohol  soluble  phospho- 
IJpius  as  lecithin;  and  0.027-0.045  per  cent  of  a  phospholipia  computed 
aa  cephalin.  This  latter  is  insoluble  iu  alcohol.  The  total  of  phospho- 
lipins  was  0.072-0.086  pur  cent.  For  human  milk  "  lecithin  "  was  0.041 
per  cent. ;  cephalin,  0.037  per  cent.,  and  the  total,  0.078  per  cent.  Tlie 
amount  of  cholesLcroI  has  not  been  detenaincd  by  Lho  digitouin  method 
so  far  as  can  he  found,  but  Marsh  found  by  tlie  Ritler  method  0.021 
per  cent.    The  character  of  the  phospholipin  should  be  furtlicr  studied. 

The  importance  of  these  lipins  in  diet  has  been  emphasized  by  the 
work  ol!  Stepp,  who  found  that  mice  eould  not  bo  nourished  on  food 
nialeriala  wlueh  had  been  carefully  extracted  by  alcohol  and  ethetr, 
whereas  the  addition  of  tJiis  extract  to  the  food  restored  Ihem  to  heallh. 
The  active  substance  was  not  cither  fat,  cholesterol,  lecithin  or  salts. 
Similar  observations  have  been  made  by  Hopkins,  who  found  that  the 
addition  to  an  incomplete  ration  of  a  very  smatl  amount  of  milk  powder 
enabled  mice  to  thrive  when  on  a  diet  containing  too  little  of  some  amino- 
acid.  Similar  observations  have  been  made  also  by  MeCollum  and 
Osborne  and  Mendel,  who  found  that  the  aath'e  principle  in  milk  was 
contained  in  the  alcohol-ether  extract  and  that  similar  active  substances 
were  present  in  the  oils  of  fish  livers,  such  as  cod-liver  oil.  The  nature 
of  tlie  conslitueut.  or  constituents,  is  still  quite  uncertain.  They  may 
belong  to  the  general  group  of  vitaniines  which  are  discussed  on  page  833. 
The  small  amount  of  lecithin  in  milk,  which  is  designed  as  a  food  for 
rapid  growth,  is  In  striking  contrast  with  the  large  amount  of  lecithin 
of  the  yolk  of  bens'  eggs.    This  fact  indicates  that  the  infant  is  able  to 
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make  the  necessary  phospbolipins  from  the  ioorgauie  pbosplistea.  There 
are  otlier  evidences  tliat  the  pliospholipiiis  are  readily  formed  by  most 
foniis  of  protoplasm  from  iuorganic  material,  fats  and  amino-acids. 

Lactose. — The  presence  of  lactose  in  milk  Lo  the  cxtont  of  from  4 
per  ecnt.  in  cows  lo  7  per  cent,  in  human  milk  is  significant  for  the  rea- 
sons already  stated.  The  physical  properties  of  this  sugar  are  treated 
on  page  56;  the  method  of  isolating  it  on  page  867.  The  manimary 
glajids  liave  the  power  of  making  galactose  from  glucose. 

Other  organic  constituents  of  milk. — Milk  contains  in  small  quanti- 
ties a  considerable  number  of  orgauie  subtitanccs.  Among  these  par- 
ticular mention  may  be  made  of  citric  acid,  which  is  present  in  cows'  and 
human  milk  to  the  extent  of  .UO-.l  per  cent.  Among  other  coDstituenla 
may  be  mcDttoned  one  found  recently  in  human  nii%  by  Meigs  and 
Marsh,  which  erj'stallizes  readily,  which  makes  about  1  per  cent,  of  the 
milk,  and  which  gives  a  strong  test  for  uno-udized  sulphur.  The  com- 
position of  this  substance  is  unknown.  Bisearo  and  B&Uoui  have  iso- 
lated a  substance  called  orotic  acid  (Or.  oros,  milk),  which  was 
precipitated  by  basic  lead  acetate.  It  liad  Die  composition  C»H,,N,Ot. 
2H,0.  The  nature  of  the  acid  is  unknown.  Bicgfricd  has  isolated 
carciferrin,  related  to  uucloon  or  pboephocamic  acid,  from  milk  by  his 
iron  method.  This  yielded  on  decomposition  carnic  acid,  fermentation 
lactic  acid,  succinic  acid  and  oiEylie  acid  (C„E,^40,).  The  latter 
yielded  leucine  on  hydrolysis  with  hydrochloric  acid.  There  arc  also 
present  iu  milk  small  amounts  of  urea,  some  purine  nitrogou  (in  1  liter 
cows'  milk  0.004-0.006  gram  purine  M)  and  various  other  substances  in 
email  amounts.  hJome  obscr^-vrs  have  described  peptone  or  proteose 
bodies  in  milk,  but  it  is  doubtful  whether  they  occur  iu  perfectly  fresh 
milk.  Cows'  milk  as  ordinarily  obtained  contains  very  large  quaulities 
of  bacteria  nrhich  rapidly  change  its  constitution.  To  get  sterile  milk 
ifl  difficult  and  it  can  be  obtained  only  by  passiag  a  sterile  catheter  past 
the  sphincter  into  the  duets.  It  must  be  remembered,  however,  that 
bacteria,  although  they  are  present  iu  great  quantities  iu  ordinary  city 
milk,  often  1,000,000  or  more  per  c.c,  are  not  normal  cooatituenta,  but 
have  fallen  in  during  the  act  of  milking  and  that  tiiey  multiply  in  the 
milk  with  great  rapidity.  As  Sedgwick  has  put  it:  "A  cow  secretes 
milk,  not  bacteria." 

Inorganic  substances  in  milk. — Milk  must  contain  most  of  the  sub- 
stances rcH|uired  for  the  early  development  of  a  child.  It  must  provide 
substance  for  tlie  growth  of  bone,  heuce  it  must  and  docs  contain  large 
amounts  of  calcium  and  phosphoric  acid-  Moreover,  all  growing  organ- 
isms need  potassium,  since  potassium  in  nearly  all  forms  of  living  matter 
is  present  in  larger  quantities  than  sodium.  Rapidly  growing  cells  need 
potasrium.    Iron  is  present  in  milk  in  vciy  small  amounta.    This  is  is 
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contrast  to  tlie  egg  where  there  is  an  abundant  supply  ol  iron  in  tha 
jdiL.  But  Bungc  hsH  sliown  that  the  iron  is  stored  in  the  liver  of  the 
fmtus,  this  organ  at  birth  having  a  rich  supply  which  is  called  upon 
during  dovclopmcnt  to  make  good  the  lack  iu  the  milk.  The  ash  of  millc 
contrasted  with  the  ash  of  the  new-born  pup,  showing  how  cloacly  they 
resciublo  each  ottier,  h  given  by  Bunge  as  follows: 

In  1000  parta  of  uli: 

or  dai:  tnl1k  ur  nuw-bnni  dog» 

KO    149.8  J14J! 

H»0   «a.O  KM4 

CaO   372^  SaSit 

M«0 ISA  IU 

FeO    l£  7S 

po   3«j  nts 

CI  1M.0  &J» 

human  beings  there  does  uot  suciu  to  be  so  close  a  corrcspondcQca 
between  the  ash  of  milk  and  of  the  Dcw-bom  (Camcrer  and  Soldncr). 

Coloring  matter. — The  milk  of  cows  fed  on  green  fodder  ia  more 
or  1«SB  yellow,  while  the  milk  of  cows  fed  on  dry  hay  and  other  forms 
of  dry  fodder  is  not  yellow,  Guernsey  cows  give  particularly  yellow 
milk  and  their  fat  is  very  yellow.  This  natural  coloring  matter  is 
derived  entirely  £rom  the  green  fodder  and  consiata  of  earrotin  and 
xantiiophyll. 

Hulls  of  the  milk  globules. — It  has  been  generally  supposed  that  the 
milk  globules  were  surrounded  by  a  very  fine  sheath  of  casein  kept  or 
condensed  there  by  the  action  of  surface  tension.  Becont  investigations 
indicate  that  this  is  incorrect  By  allowing  the  miUc  globules  to  rise 
through  a  long  column  of  water  they  can  be  separated  from  the  casein 
and  other  constituents  of  the  milk.  They  are  collected,  the  fat  extracted 
with  ether  and  the  retiiduc,  which  constitutes  the  bulls,  analyzed.  The 
result  has  been  to  show  that  tlic  hulls  may  give  no  biuret  reaction  at  all. 
When  hydi-olyzcd  they  yield  glycocoU,  which  is  not  present  either  in 
casein  or  lactalbumin.  The  amount  of  nitrc^en  is  very  low  and  variable, 
4.04-O.70  per  cent.  The  ash  varies  from  4.57-45.28  per  cent.,  and  1* 
between  0.18  and  0.57  per  cent  It  is  clear  that  it  is  not  a  homogeneous 
substance  nor  is  it  composed  of  casein. 

Milk  glands. — The  composition  of  the  mammary  glands  has  been  very 
little  studied.  A  nucleic  acid  similar  in  its  general  properties  to  that  of 
other  organs  has  been  isolated  from  it  by  Mandel  and  Levene.  This 
acid  contained  pentose,  so  that  it  is  probable  that  these  glands  contain 
not  only  the  usual  tetranucleoUde,  but  aI.so  an  acid  analc^us  to,  or 
identical  with,  guanylic  acid.  By  treating  the  glands  in  the  same  way 
a£  the  pancreas  is  treated  for  the  extraction  of  a  nueleoproteid  by  JTam- 
marsten  (sec  page  171)  a  nueleoproteid  was  Isolated  by  Odeniua  of  the 
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foUoving  composition:  C,  46.89-47.15  per  cent.;  H,  G.04-6.15  per  cent; 
N,  17.26-17.29  per  cent ;  S,  0.875-0.904  per  cent ;  P,  0.275-0.278  per  mit 
and  0.962-0.922  per  cent  Mandel  and  Levoue  isolated  a  substance  of  a 
reducing  cliaracter  which  contained  sulphur,  and  they  called  it  gluco- 
Uiionic  acid.  S,  2.65  per  cent.;  N,  4.38  per  cent.  There  are  probably 
present  substances  of  the  sulpholipin  or  glycolipin  type  and  theso  may 
yield  the  reducing  substances  obtained  by  several  observers  on  hydroly- 
sis of  the  organic  matter.  The  eUractives  are  about  the  same  as  tlic 
other  Olsons  so  far  as  they  have  been  studied.  The  compositiou  of  the 
substances  thus  far  isolated  throws  singularly  little  light  ou  the  method 
of  formation  of  the  milk  constituents  or  on  the  metabolism,  and  the  gland 
should  be  further  iiivetitigated. 

Metabolism  of  the  glands. — There  is  very  little  that  can  be  said  about 
this.  The  raw  material  from  which  the  galai'tose  is  made  is  undoubtedly 
glucose.  The  metabolism  undergoes  a  remarkable  rhythmic  altoraliou 
dependent  upon  the  sexual  organs.  The  mamma;  are  in  the  nature  ol 
secondary  sexual  organs.  That  is,  although  they  are  present  in  a  rudi- 
mentary form  in  the  male,  they  do  not  develop,  but  remain  rudimentary. 
In  the  female  they  begin  their  development  with  the  ripening  of  the 
ovaries  and  the  formation  of  ova.  It  ia  clear  that  their  development  must 
be  stimulated  in  Kome  way  by  the  ovary.  Further  resean-h  of  this  very 
interesting  problem  has  shown  that  ttic  corpora  lutea  have  the  power 
of  stimulating  the  growth  and  activity  of  Uic  mammary  g'lands.  An 
extract  of  the  corpora  has  a  ri-markublc  action  on  Ihc^se  or^^ann.  It  is 
found,  too,  that  on  extract  of  tlic  uterine  wall  at  the  time  when  it  is 
undergoing  regressive  metamorphosis  after  parturition  has  the  power, 
when  injected  into  a  female  animal  of  the  same  kind,  of  oxoiting  the 
activity  of  the  mauimoa  so  that  the  glands  boeoine  full  of  milk.  On  the 
other  hand,  an  extract  of  fa>lii8  has  an  inhibiting  action.  It  will  Iw 
noticed,  too,  when  the  hypophysis  is  considered,  that  the  extract  of  this 
organ  may  cause  a  discharge  of  milk  from  a  pregnant  female.  The 
development  of  the  gland  appears  to  depend,  then,  upon  tlie  internal 
sfcrction  of  the  ovaries.  The  development  ceases  and  the  gland  atrophies 
after  the  discharge  of  ova  from  the  ovary  ceases  and  ihore  arc.  no  more 
corpora  lutea.  On  the  other  hand,  the  cause  of  the  dilTeren  tint  ion  of  the 
shin  tifisuo  into  milk-gland  tissue  does  not  depend  upon  tliis  internal 
secretion,  for  it  occurs  in  the  male  also.  It  would  appear  that  in  this, 
AS  in  so  many  other  ways,  males  have  in  Ihcm  often  many  of  the  poten- 
tialities of  females,  and  vice  versa,  and  that  whether  male  or  female  char- 
acters predominate  depends  upon  the  development  of  ovaries  or  testes. 
This  is  a  matter,  however,  somewliat  foreign  to  the  present  discuaHion, 
but  which  will  no  doubt  occupy  a  much  larger  space  in  the  biochemistries 
of  the  future. 
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Enzymes. — The  prespnc«  of  enzymm  in  the  milk  has  been  much  dis- 
puted, the  roiitnulu'toi-y  results  beiug  due  possibly  to  the  rich  bacterial 
flora  of  inoNt  milks  examined.  Human  milk  is  aaid  to  contain  small  i^uau- 
titicH  of  amylolytie  eDZj'nie.  and  aa  this  is  found  in  the  blood  it  prob- 
ably (Joruus  from  the  blood.  The  preaeuce  or  ahscatre  of  lipase  ia  dis- 
putfld.  There  is  no  lipase  in  the  glands  (Bradley)  and  this  indicates 
that  lipase  is  not  the  cause  of  the  synthesis  of  llie  fats  in  the  gland. 
Cataiase  aiid  peroxydaacs  are  present  in  milk,  but  catalase  is  found 
almost  aniversftlly  in  the  organized  world.  A  proteolytic  enzyme  of  an 
ercplii;  nature  has  been  described  (llussell  and  Babt'OL'k)  and  given  the 
very  inappropriate  name  of  galactose.  This  does  not  appear  to  be  always 
present  An  enzyme  which  ferments  lactose  to  lactic  acid,  alcohol 
and  COi  baa  been  described  by  Sloklaaa  in  botJi  human  and  cows* 
milk. 

Souring  of  milk. — ^This  is  produced  by  the  action  of  bacteria  of  vari- 
ous kiiidK  which  attack  the  lactose^,  forming  from  It  lactic  acid.  The  acid 
thus  set  free  precipitates  llie  casein  and  thus  clols  the  milk.  Some  bac- 
teria arc  able  to  clot  milk  in  a  neuti^l  reaction.  These  clot  because  they 
secrete  a  proteolytic  enxyme  like  rennin  which  forms  paracasein  from 
the  casein. 

Sterilized  milk  as  a  food. — ^lany  very  young  children  do  not  tlirira 
when  fed  exclusively  on  boiled,  diluted  cows'  milk,  whereas  they  will 
atsimilale  fresh,  diluted  cows'  milk.  The  character  of  the  change  pro- 
duced in  the  milk  by  heating,  which  is  responsible  for  this  malnutrition, 
IK  still  unknown.  On  heating,  small  amounts  of  siilpliureted  hydrogen 
are  split  off  from  the  milk.  This  is  prohjibly  on<;  rciison  for  tlio  change 
in  taste  and  wlor  produced  by  cooking.  Whether  it  has  anjihing  to  do 
with  the  chan^  in  niilritivc  qualities  is  unrortain.  It  may  bo  that  cook- 
ing destroys  some  Titamino  in  the  milk.  If  infants  can  have  a  portion 
of  human  milk,  they  goncrally  assimilate  without  trouble  cooked,  diluted 
cows'  milk  to  which  lactose  has  boon  added. 

Foreign  substances  in  milk. — A'^ariuus  substances  pass  directly  from 
the  blood  in  the  milk.  Thus  suits  of  various  kinds  taken  by  the  mother 
may  affect  the  child.  Casct  arc  on  reconl  of  infanta  developing  bromiam 
from  the  cfFoi'ls  of  bromides  tiikcn  by  the  molhur  during  nursing.  Vari- 
ous odoriferous  substances  pass  readily  into  milk,  as  everyone  knows. 
The  diet  of  the  mother  is  hence  of  importance  to  the  child.  It  is  pos- 
sible that  various  internal  secretious  from  the  moUier's  body  may  pass 
by  means  of  (he  milk  to  the  child  and  may  affect  it. 

Various  kinds  of  milk. — Of  the  various  kinds  of  milk  which  are 
available  as  foiids  for  children,  a-^tscs'  milk  approaches  most  closely  in 
composition  to  that  of  human  bein^.  The  composition  of  goats',  asses' 
and  marea'  milk  is  as  follows: 
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^ggS' — ^''i^c  milk,  eggs  represent  a  food  provision  for  the  develop- 
ing young.  Tbc  nevils  of  young  birds  bjkI  maimiutU  are  for  tlic  greater 
part  the  same.  There  must  be  energy  foods  to  supply  the  energy  i-equire- 
ia«nts  of  dovelopineut  and  Uiere  must  be  proteins  and  i&ls  and  inor- 
ganic substances  to  provide  the  requirements  of  matter.  The  developing 
ohiek  ueuds  iron  for  its  blood  and  phosphateH  to  miike  its  bones,  nucleios 
and  phospbotipins.  The  manner  in  whicb  tht^se  pbosphoric-acid  needH 
are  met  is  essentially  dtfTerent  in  the  two  cases.  In  milk  the  phosphates 
required  to  make  nuclein,  phospbolipin  and  bone  are  present  for  the 
larger  part  as  inorganic  phasphoric  acid;  thi;re  is  in  addition  phosphoric 
acid  tied  to  organic  matter  in  the  casein;  there  is  very  little  pbospho- 
UpiQ  present.  Tho  casein  has  attached  to  it  a  part  of  the  calcium 
roquired  and  a  part  is  present  in  combination  with  the  phosphoric  aeid. 
Id  eggs  the  ealeiiua  is  in  part  present  in  ilm  shell  whic;li  is  parLly  reab- 
sorbed  during  the  development ;  and  in  part  it  is  presienl  in  butli  organio 
and  inorganic  form.  There  is  in  the  yolk  of  egg  a  phospboprotein 
analogous  to  casein,  called  vitelliu;  tlic  amount  of  iuorguniv  phosphate 
is  less  tlian  in  milk.  But  the  main  diilurunee  lici  in  the  fact  that  tlie 
egg  yolk  represents  a  cell  and  the  phosphoric  aeid  is  laid  down  in  Uic 
form  of  lecithin  which  is  digested  in  the  course  of  dcvolopmoot  and 
inorganic  phosphates  formed  from  it.  Neither  milk  nor  eggs  contain 
appreciable  quantities  of  purines  and,  since  ihese  are  formed  rapidly 
in  the  rapidly  developing  nuclei  of  the  embryo,  both  young  birds  and 
young  mammals  must  have  the  ability  to  form  purines  and  pyrimidines 
at  a  very  rapid  rate. 

A  hen's  egg  eonsisls  of  both  white  and  yolk.  The  wbite  is  a  secretion 
of  the  glands  in  the  oviduct;  the  yolk  is  a  real  cell,  the  egg  cell.  It 
contains  very  little  living  protoplasm,  but  an  enormous  mH.ss  of  non- 
living matter. 

Eg^  ufhile.  The  composition  of  white  of  the  lien's  egg  is  as  fol- 
lows (Koto) : 
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The  concentration  of  Uie  gLacose  in  the  wuter  of  the  yolk  is  about 
that  of  the  whit«. 

Egg  white. — The  reaction  of  the  white  of  egg  when  fresh  is  very 
faintly  aUtoliue,  but  the  alkalinity  increases  on  standing,  omng  to  auto- 
digestion  and  the  formation  of  ammonia.  As  a  result  of  this  alkelimty 
there  is  a  setting  froc  of  sulphur,  since  the  white  of  egg  contains  a  sub- 
stance which  lias  vei^  labile,  unoxidized  sutphnr.  The  sulphide  thus 
set  free  combines  with  the  iron  set  free  from  the  hematogen  to  moke 
sulphide  of  iron;  this  colors  tlie  white  near  the  yolk  a  bluish  color  when 
the  eggs  are  cooked. 

I'rotcitts  of  the  white.  The  proteins  iu  egg  white  are  simple  pro- 
tfins  for  the  greater  part  and  consist  of  ovalbumin  and  oroglobulin.  The 
latter  is  precipitated  when  the  white  is  diluted  with  water  or  dialywd. 

Ovoglobutin,  This  makes  about  G'/j  por  cent,  of  the  total  proteins. 
This  substance  is  apparcatly  not  a  uniform  or  homogeneous  substanee, 
but  a  mixture  consisting  chiefly  of  ovomucin.  It  was  called  a  globulin 
because  of  its  insolubility  in  water  and  solubility  iu  salt  solutions,  but 
it  is  in  reality  a  compound  protein.    (Sec  ovomucin.) 

Ovalbumin.  The  composition  of  this  substance  hu  already  been 
e^vcu  on  pages  I2U  and  139.  Tc^ther  with  conolbumin  it  forms  nearly 
90  per  cent,  of  the  total  coagulablc  protein  of  the  white.  It  is  an  easily 
crystallized  protein  when  it  is  soporatcd  from  the  perfectly  fresh  eggs. 
It  coagulates  at  64-70*  or  higher.  There  is  some  doubt  wliether  it  is 
a  unitary  subgtance  or  not,  some  authorities  believing  that  it  is  a  mix- 
ture. The  cxperimeuts  of  Abderhaldeu  and  Pregl  on  tlie  glucosamine 
content  of  various  successive  cryslalli/ations  Indicate  timt  Uie  substonco 
is  generally  impure  as  it  is  usually  prepared.  It  usually  contains  some 
absorbed,  or  oUierwise  eataugled,  ovomucoid.  They  found  that  the 
successive  erj-stallizations  yielded  respectively  on  hydrolysis  from  7  per 
cent,  down  to  2.5  per  cent,  of  glucosamine.    The  recent  carefully  recrys- 

lized  and  otherwise  purified  preparation  of  Osborne  and  Campbell 

Ided  1.23  per  cent,  of  glucosamine.  The  amount  of  amino-acids 
recovered  from  a  hydrolysis  of  ovalbumin  totals  only  about  50  per  cent, 
of  the  molecule.  It  is  probable,  therefore,  that  there  are  otiier  products 
not  yet  isolated.  Osborne  and  Campbell  suggest,  indeed,  that  ovalbumin 
is  a  conjugate  protein  and  possibly  contains  some  radicle  like  choodroitic 
acid.  This  would  account  for  the  glucosamine  and  also  for  some  volatile 
acid  which  was  obtaiDcd  when  distilled  with  dilute  acid.  The  acid  might 
be  acetic  Further  work  on  the  composition  of  this  protein  is  much  to  be 
desired. 

Conalbumin.  This  is  the  second  albumin  in  egg  white.  It  is  sepa- 
rated from  egg  white  by  cr>-8fallization.  It  is  the  part  of  the  albumin 
which  is  not  crystalUsable.    It  constitutes  about  one-half  of  the  total 
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alkumiti.    It  rcaomblps  oval1>iimin  in  elemeutary  camposition,  but  wil 
□ot  cryetoUizc  oud  coagulates  at  a  lower  tonijxTuLurv,  i.v.,  50-60°.     It 
contains  about  16  per  cent.  N  and  1.7  per  ceut.  of  sulphur. 

Ovomucin.  Tliiu  is  spparated  in  the  globulin  fnn.'tion  by  precipita- 
tion by  half  saturation  wit)i  ammonium  sulphate  (Kichholz).  It  is  a 
glycoprotein.  Tt  rapidly  bevotnes  insoluble  in  water  on  dialysis.  It 
yiclda  about  11  pur  vkuL  of  glucosamine. 

Ovomucoid.  This  makes  about  10  per  cent,  of  die  total  solids  of 
hon's  egg  white.  It  is  a  typical  mucoid  substance.  It  cootaius  12.63 
per  cent,  uitrogen  and  2.20  per  cent,  of  sulphur.  Accoi-ding  to  Seeiuan, 
it  contains  34.9  per  ceut.  of  glucosamine.  It  is  not  precipitated  by  half 
saturation  with  ammonium  sulphatt!  or  by  complete  satarntion  with 
sodium  chloride  or  magnesium  siilphati:'.  It  does  not  coagulate  on  boil- 
ing and  it  may  be  prepared  by  this  means.  All  coagulable  proteins  are 
removed  by  slightly  acidify-ing  with  acetic  acid,  coagulating  by  heat,  and 
filtering.  The  conccntrnfcd  filtrate  is  precipitated  with  alcohol.  This 
bebaTior  and  the  low  conlent  of  nitrogen  may  mean  that  the  substance 
is  allied  to  cbondroitic  acid,  or  contains  a  large  amount  of  this  sub- 
stance.   Further  work  on  the  composition  of  this  body  is  needed. 

Ash.  Thtj  ash  of  the  white  contains  about  30  per  (jent.  of  NAjO,  the 
same  amount  of  K^O,  about  29  per  cent,  of  CI  and  small  amounts  of 
Ca,  Mg,  phosphoric  acid  and  other  mibstaneea. 

The  yolk. — The  yolk  is  very  much  more  complex  than  the  white. 
It  contains  a  very  )ai^;e  amount  of  oil  or  fat,  e^  oil,  and  the  protein  is 
chiefly  ritellin.  The  solids  are  about  50  per  cent-,  and  these  consiHt  of 
protein,  16  per  cent.;  fat,  23  per  cent.;  lecithin,  11  per  cent.;  cholesterol, 
1.5  per  cent,  and  aalts  3  per  ecnt.  There  is  some  variation  in  tliese 
figures  in  dilTert'nt  eggs.  The  lecithin  and  egg  oil  nialit-  the  greater  part 
of  the  solids.  The  phospholipins  are  not  nil  lecithin;  budies  aimilar  to 
cephalin  and  some  other  myelin-liko  pliosphulipins  have  been  isolated 
(Thierfelder).  The  yolk  generally  makes  ubtiut  on<'-thinl  of  the  whole 
e^.  It  weighs,  on  the  avera<:t-,  about  20  granui.  There  should  be  about 
two  grams  of  pfaoepholipiuii  in  one  egg  yolk. 

Ovovitellin.  Tliis  is  a  typical  phosphoprotcin,  or  nueleoalbiimin. 
According  to  Osborne  and  Campbell,  ovovitelliu  as  extracted  from  egg 
yolk  by  salt  solution  is  a  mixture  of  various  compounds  of  lecithin  and 
vitellin  proper.  The  P  content  varies  from  2.5-4.2  per  cent.  The  amino- 
acids  it  yields  are  given  on  page  129,  and  its  composition  on  page  139. 
The  ovovitellio  is  insoluble  in  water,  but  soluble  in  dilute  salt  solutions 
and  very  dilute  alkalies.  It  brliiivcs  much  like  a  globulin,  but  it  differs 
from  a  globulin  in  tlmt  it  contains  phosphoric  acid  in  some  union  or 
other,  and  when  digested  with  pepsin  HCl  it  yields  an  acid  rich  in 
phosphorus,  about  8  per  cent.  P,  which  was  at  first  supposed  to  be 
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miilBlD  acid,  but  is  not.  It  yields  no  purine  bases.  The  ritellin  is 
cxtra(-lL>d  from  the  yolk  hy  shaking  tli(>  Fat  out  with  elher  and  iheo  treat- 
ing the  naidiic  wilh  10  per  cent.  NaCl  and  prfu-ipitating  Ih*  fllirate  by 
diluting  with  wiilcr.  The  k-cilJiin  is  iwpw-atcd  by  boiling  alcobol.  Pure 
ritellin  has  not  beett  obtained.  The  nature  of  the  phoephorlc  acid  residue 
is  unknown  and  needs  further  investigation. 

Hematogcti.  Kgg  yolk  (contains  a  RubBtanve  whivli  on  r]ig«alion  with 
pepsin  HCl  yields  a  uucleiii-liko  siibNtan«e  whiub  contains  iron.  This 
iron  compound  is  supposed  to  be  rhe  mother  milwtaupe  of  the  hemoglobin. 
It  iraa  uamod  liniiiiln^'ti  to  xhow  this  nHutioii-ship.  The  composition  of 
thiasubstam^e  is  as  follows:  C,  43.5;  H,  6.9;N,  ]2.6;  P,  8.7;  S,  trace ;  Po, 
0.455  ;  Oa,  0.3r»2;  Mg,  0,126.  The  Bubfltances  analyzed  are  probably  mix- 
tares.  There  is  no  doubt  that  c^yolk  contains  all  the  necessary  Ingredi- 
ents for  the  nionufaetura  of  hemoglobin,  since  this  substance  is  formed 
during  devolopmcut. 

Lipins.  E'jff  oil.  This  yields  a  large  amount  of  oleic  and  palmitic 
acid.  Liebermann  obtained :  palmitic  aeid.  38.0  per  cent. ;  oleic,  40  per 
cent,  and  steai-ic  aeid,  15.21  per  cent.  Tht-  eoinposition  of  tins  fat  is 
dependent  upon  diet.  Thus,  if  chickens  are  fed  fisli,  the  etrgs  have  a  very 
strong  taste  of  fish;  if  they  are  fed  on  rape  seed  and  the  young  rape 
plants,  the  boiled  yolks  are  a  deep  black  and  have  a  disagreeable  taste. 
Kat  soluble  dyes  such  as  .Sudan  3  will  lie  laid  down  in  the  yolk  if  it  is 
ingested  by  the  birds.  The  yolk  is  laid  down  in  rings.  Kaeh  ring  means 
a  time  interval  of  24  hours.  The  deposition  of  the  yolk  is  slow  at  night, 
or  some  rcabsorption  mny  occur  so  that  the  appearance  of  the  fat  is 
dhaoged  and  the  yolk  is  in  layers  (Riddle).  It  lakes  about  four  days 
when  a  hen  is  laying  rapidly  to  produce  tlie  greater  part  of  the  yolk. 
The  period  can  be  greatly  lengthened  by  cold  or  poor  nutrition.  The 
phospholipins  include  leeithin  and  lipins  resembling  (N>phalin  and  amino- 
myelin. 

iVineroI  siibstancfs.  The  following  analj-sis  shows  the  composition 
of  the  mineral  constituents  in  parts  per  thoiu?and: 
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Digestion  in  generaL — All  those  chemical  processes  by  which  foods 
are  rendered  uvuilaHe  to  an  organism  are  in  a  broad  sense  digestive 
processes.  Of  the  various  stibstances  used  for  the  nourishment  of  the 
hodj-  only  a  few  of  the  simplest  such  as  oxygen,  water,  dextose  ami  inor- 
ganic salts  are  in  a  condition  to  be  utilized  direeUy  by  the  living  mtitter 
of  the  body  for  the  repair  of  its  waste,  for  its  upbuilding  and  growth, 
or  OS  a  source  of  energy ;  all  other  8ub<itaue«R  than  these  mart  be  reduced 
to  sitoplor  vouipouudH  by  whieh  tlieir  absorbubility  or  availability  is 
increased.  Thus  the  starches  must  be  changed  to  simple  monosac- 
charides, llie  proteins  to  ainino-anids ;  the  fats  to  glycerine  and  fatty  acid*. 
The  objoot,  then,  of  all  these  digestive  processes  is  to  increase  the  avail- 
ability  of  the  substances  as  foods. 

In  tills  sense  all  the  processes  of  cooking  become  processes  of  diges- 
tion; for  by  cooking  disintegrative  chemical  changes  are  brought  to  pass, 
sueh  for  example  as  the  tranaformatiou  of  starches  into  dextrins,  Bol< 
ublo  starch  and  i?vl<ii  disaeelmrideii;  the  softening  of  the  hard  connective 
tissue  of  meat  by  the  eonvHrsion  of  vollagen  into  gelatin ;  tlie  changing 
of  some  otliere  of  the  proteins  to  the  iSrst  Hlagcs  of  Uicir  docompositiou 
into  acid  albumin  ami  BlbiimoKc»;  or  the  partial  splitting  of  the  fata 
into  glycerol  and  fatty  acids. 

For  other  reasons,  too,  the  processes  of  cooking  arc  properly  included 
in  digestion,  since  by  cooking  the  oppearance,  taste  and  odor  of  foods  are 
improved,  in  general  opinion  at  any  rate,  and  by  its  pleasant  excitation 
of  the  end  organs  of  the  special  senses  sueli  food  leads  to  a  reSex  stimu- 
lation of  the  digestive  meehanisma  which  is  a  marked  aid  to  digestion. 
For  it  must  not  be  forgotten  that  the  digestive  processes  proper  in  the 
body  involve  a  great  number  of  different  factors,  such  as  the  motility  of 
the  stomach  and  alimentary  canal ;  the  secretion  of  the  digestive  juices  in 
amounts  adapted  to  the  food  to  be  digc-sted  and  at  the  times  when  they  ean 
be  most  efficient;  ond  the  formation  of  a  digestive  fluid  of  the  proper 
activity  and  ehomioal  composition.  In  the  alimentary  canal,  too.  the 
products  of  digestion  are  being  removed  by  the  processtfl  of  absorp- 
tion and  this  very  materially  modifies  the  rate  of  dijtf^tion.  DiRCslion 
being  thus  not  a  simple  process  occurring  in  an  inanimate  beaker,  but 
a  highly  complex  adaptation  of  effort  to  work  to  be  performed,  by  a 
very  ingenious  and  admirable  mechanism,  everjihing  which  affects  this 
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mechanism  becomes  capable  of  directly  or  indirectly  affocting  digestion. 
Bo  cooking,  because  of  tlie  duvelopmvui  of  pleasant  and  appetizing  tfutt^it 
end  smells  in  foods,  aids  digestion  more  tliuii  by  its  direct  digestive  action 
on  the  foods. 

In  still  a  Uiird  way  cooking  may  profoundly  aid  digestion  by  kilUug 
parasites  or  bacteria  whicb  othorwiMi  would  cain  a  foothold  in  tbe  ali- 
mentary canal  and  thus  change  the  nature  of  the  digestive  processes.  The 
meat  of  chickens  and  pigs  is  particularly  apt  to  beeorae  infected  with 
bacteria  which  produce  poisonous  producis,  or  wlii^-li  Iwcoine  lodged  in 
the  intestine  and  growing  there  produce  toxiues.  Many  of  tbe  head- 
aches, attacks  of  constipation,  diarrheas,  feelings  of  malaise,  fatigue, 
etc.,  from  which  we  suffer,  are  <liic  to  su«h  infectioiLs,  which  are,  es  often 
aa  not,  so  ill  defined  in  their  onset,  m  gi^nernl  in  their  symptoms  and 
80  gradual  in  their  disappearance  that  the  origin  of  the  ill  feeling  is  often 
incorrectly  referred  1o  the  ners'oua  system,  or  to  any  other  rather  than 
to  the  right  source. 

Auto-digestive  procesees  occur,  too,  in  many  foods.  Thus  meat  and 
eggs  contain  digestive  enzymes  which  come  into  activity  particularly  iu 
meat  when  its  reaction  becomes  acid.  These  fermeuta  digest  the  tissue 
and  even  in  the  absence  of  bacteria  gradually  destroy  the  structure  and 
render  the  constituents  soluble.  The  ripening  of  fruits;  the  changes  in 
tenderness  and  taste  of  meat  of  various  binds,  or  of  glandular  organs 
ti»cd  OS  food ;  the  change  in  taste  of  vegetables  with  age ;  all  these  arc  due 
to  such  auto-digeslivo  procesHCS,  which  are  thus  more  or  less  important 
adjuncts  to  the  digestive  juices  of  the  body. 

Saliva.  Origin. — The  first  of  the  digestive  juices  foniicd  by  the 
body  with  which  the  food  comes  in  contact  iH  the  saliva.  Tliis  fluid  is 
secreted  by  the  salivary  glands,  the  parotid,  submaxillary  and  sublingual, 
and  by  tbe  mucous  membrane  of  the  mouth. 

The  saliva  is  formed  by  the  protoplasm  of  tlio  cells  of  these  glands 
with  the  admixture  of  salts,  water  aud  some  other  substances  derived 
b>om  the  blood.  The  protoplasm  of  the  inner  end  of  tlio  cells  of  the  gland 
and  sometimes  the  greater  part  of  the  cell  body  is  transformed  into 
saliva.  Saliva  is  thus  nothing  else  than  trausfonnud  protoplasm.  Dur- 
ing the  time  of  active  accretion  raw  material  is  brought  to  the  gland  by 
the  rapid  blood  stream,  since  vasodilation  takes  place  at  tbat  time  and 
the  flow  of  blood  to  the  gland  is  greatly  ineroased.  Out  of  this  raw 
material  crude  protoplasm  is  formed  which  afterwards,  during  the  period 
of  glandular  rest,  cither  forms  mucin  and  the  other  saltvarj*  constituents, 
or  it  is  itself  transformed  into  these  substances  by  a  process  of  differ- 
entiation. The  mucin  tlnis  formed  accumulates  in  the  cells  in  the  form 
of  granules  and  is  discharged  from  the  cell  during  the  process  of 
Kcretlon. 
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The  character  of  the  saliva  secreted  by  the  different  glands  varies. 
The  sublio^al  aocrctiou  is  very  thick  and  viscid,  due  to  the  presence 
in  it  of  a  ffi-eat  deal  of  iniieiri ;  tiit-  submaxillary,  also,  geuopHlIy  contains 
a  great  deal  of  uiuein  and  itii  Kaliva  is  very  slimy;  the  parotid,  on  tho 
other  hand,  haa  a  saliva  with  Irss  mucin,  or  none  at  all.  Its  secretion  is 
generally  more  watery,  altlionch  it  has  a  good  deal  of  protein  in  it. 
and  it  is  the  secretion  of  this  gland,  more  than  the  otlicrs,  n-hicb  baa  a 
digestive  action  on  starches.  Differences  exist,  also,  in  the  salivas  accreted 
by  the  same  gland  in  different  speeics  of  animals.  The  parotid  saliva 
of  the  liorao,  rabbit  and  sheep  is  generally  more  fluid  than  that  of  the 
dog,  whitih  indeed  may  be  very  viseid. 

Nervous  control  of  the  secretion. — Each  of  the  salivary  glands  is 
controlled  by  a  double  set  of  nerves,  by  a  ni^rve  which  dilates  the 
nrtcriolcs  of  the  gland,  a  nerve  which  comes  dirnctly  from  the  brain; 
and  by  a  nerve  which  cornea  from  the  sympathetic  system,  and  which 
when  (itimiU&led  produces  constriction  of  the  arterioles  of  the  gland.  It 
is  by  means  of  the  actions  of  these  two  nerves  that  the  nutrition  of  tie 
gland  is  controlled  and  its  activities  regulated.  The  quantity  of  saliva 
secreted  on  stimulation  of  the  eerebral  nerves  (chorda  tympani  of  the 
submaxillary  and  subliugiial.  and  the  aurieulo-temporalis  branch  of  the 
fifth  nerve,  which  receives  fibfrs  from  the  gla-wopliaryngtral  nerve  for 
the  parotid]  is  much  greater  and  the  saliva  is  more  watery  than  when 
the  Bympathutic  nerves  are  stimulated.  By  sorac  authors,  notably  by 
IJeidenhain,  this  difference  was  ascribed  to  differences  in  the  manner  of 
action  of  the  nerves  on  the  cells  of  the  gland.  Heidenbain  suggested  that 
the  ceretiral  uerve  acted  upon  the  gland  cells  in  such  a  maimer  as  to 
cause  thp  secretion  proper,  that  is  the  discharge  of  water  and  salts, 
whereas  the  sympalhelie  acted  upon  the  cells  so  as  to  make  the  cell 
contents  soluble,  so  tliat  the  accretion  was  a  great  deal  more  concen- 
trated in  the  latter  rase.  By  other  physiologists  the  difference  in  the 
character  of  tbo  secretion  is  ascribed  to  the  difference  in  the  state  of 
the  blood  vessels  accompanying  seeretion,  to  the  vasodilation  when  the 
watery  juice  is  secreted  and  to  the  constriction  when  the  more  concen- 
trated juice  is  formed;  by  still  others  (Eckhard,  Bernard  and  some 
others)  the  difference  in  composition  of  the  two  kinds  of  salivas  ig 
ascribed  to  ihe  fact  that  in  part  the  nerve  acts  on  the  cells  of  the  gland 
and  the  blood  vessels,  and  in  part  it  acts  on  the  basement  membraue, 
or  the  baakrt  cells,  which  are  supposed  to  be  contractile  and  to  press 
oat  of  the  gland  some  ot  Ibe  stored  secretion.  The  sympathetic  causes 
its  secretion  mainly  by  the  latter  method,  the  chorda  by  stimu- 
lating secreting  cells,  blood  vessels  and  contractile  sheath.  It  is 
impossible  to  go  liere  into  a  discussion  of  this  qnestiou  which  is  still 
unsettled. 
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Composition  of  mixed  saliva. — The  compoeilion  of  mixed  h-araan 
saliva  was  found  hy  Frerichs  to  be  as  follows: 

Water a»At% 

SoImIb  Mi 

Mttcin  and  cpiUiclluta .819 

Soluble  organle  initttar ;,*^. 142 

iBor^giuiic  salts ,219 

KCNS 01 .  .00 

1.000  parts  of  the  miuoral  a»li  there  were  found  the  (olIowinR 
eoDstituents : 

K     457-2 

Na     ...,..-  WJO 

CaO  and  tracMorVttO     AO.ll 

HgO    I.M 

SO      63^ 

pA  ies-4s 

Cf    .  .    183.62 

The  specific  gravity  is  1 .002-1.008.  The  freezing  point  ia  A  =—0.28  Iv 
—0.43'.  Th«  frt-eziiig  point  is  higher  than  that  of  the  blood.  The 
TiaoOBity  of  Hiibmaxillary'Suhlingual  saliva  may  be  18-35  times  that  of 
water.  It  is  oxtreraoly  variable.  The  great  richness  of  the  aah  in  potas- 
sium will  be  notieed.  In  the  blood,  sodium  greatly  surpasses  potassium 
in  amount.  This  potasHiutn  is  not  free  potosBiutn  chloride,  but  the 
greater  part  is  present  in  organi«  combination. 

The  reaction  of  the  saliva  of  the  healthy  is  generally,  if  not  always, 
in  its  fr(sh  state,  alkaline  to  Ulnms.  bat  acid  to  phenol -phthalcin.  This 
would  give  it  a  reaction  about  that  of  tho  blood,  or  approximately 
2X10**^'  normal  coDcentration  of  hydrogen  ions.  To  neutraliae  it  to 
litmus  there  must  be  added  for  10  c.c.  saliva  4.5-14.9  c.c.  of  N/100  acid; 
and  to  make  it  sufficiently  alkaline  to  redden  phenol- phthalcin,  about 
the  same  amount  of  N/100  alkali  is  necessary.  It  will  not  infretjuently  be 
found,  however,  in  testing  a  large  number  of  individuals,  that  some  have 
the  mixed  saliva  acid  to  litmus.  This  Is  most  often  due  to  an  aridity 
produced  by  the  action  of  bacteria  on  the  fragnipnts  of  food  lofl  between 
the  teeth,  particularly  carbohydrate  food,  but  it  sometimes  has  another 
explanation,  for  the  saliva  is  found  to  be  acid  to  litmus  when  collected 
directly  from  the  duct  by  a  cannula.  This  acidity  may  be  correlated 
with  age.  state  of  health  or  diet  and  should  be  furllicp  studied.  The 
reaction  of  the  saliva  is  of  considenible  importance  in  the  hygiene  of  the 
mouth,  for  it  is  a  general  impression  of  dentists  that  the  acids  thus  pro- 
duced by  the  action  of  the  bacteria  on  the  saliva  and  food  remnants 
are  an  important  element  in  the  decay  and  corrosion  of  teeth,  or  in  the 
deposition  of  the  tartar  on  the  teeth.  The  subject  needs  a  thorough 
investigation. 
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Amount  of  saliva  secreted  per  day. — II  was  estimated  by  Bidder 
and  Schmidt  that  about  1,500  c.c.  saliva  wci-e  normally  secreted  per  day, 
but  the  amount  is  no  doubt  subject  lo  wide  variation,  depending  on  the 
omouni  of  water  consumed,  tlie  lengtli  of  time  the  food  is  chewed,  the 
character  of  the  food,  its  dryness  and  so  on,  and  the  estimate  is  at  best 
an  approximation  only.  Since  the  salivai-y  glands  weigh  togctlier  only 
about  66  grama  in  the  adult,  it  is  obvious  that  the  amount  of  salira 
secreted  is  many  times  the  weight  of  the  glands.  The  secretion  may  be 
greatly  increased  by  many  poisons,  aiieh  as  pilocarpine,  by  mercury 
s&lis  or  by  some  organic  toxins  which  produce  a  salivation  ver}'  similar 
to  mercurj*  salivation.  It  is  increaiied  by  smoking.  Tt  was  not  infre- 
<|uenl  in  Ihe  days  of  raeroiirj'  treatment  of  disease  to  give  merctiry  freely 
until  throe  or  four  liters  of  snliva,  or  even  more,  were  secreted  daily. 
In  mercury  poisoning  one  of  the  symptoms  is  the  eopions  flow  of  saliva 
and  the  other  manifestations  of  salivation,  such  as  the  sore  gums 
and  lips. 

Functions  of  the  saliva. — In  man  the  saliva  has  two  main  functions, 
i.e.,  to  aid  swallowing  and  to  assist  in  the  digestion  of  starches.  These 
fnnctions  arc  aubsprveti  by  two  different  constituents  of  the  Raliva.  The 
former  by  the  water  and  mucin ;  the  latter  function  by  the  ptyalin. 
These  are,  Iherfforp,  the  most  important  constituents  and  their  chemistry 
may  now  he  briitfly  considered. 

Chcmuitry  of  mucin. — The  saliva  is  a  modified  skin  accretion,  since 
tlie  salivary  are  modified  skin,  or  epidermal  glands.  !t  is  interesting, 
therefore,  that  they  contain  mucin,  a  glycoprotein,  which  is  snch  a  con- 
stant constituent  of  the  skins  of  the  amphibia  and  the  fishes  and  which 
occurs  even  in  the  skin  of  mammals  in  a  disease  of  Ihe  thyroid  known  as 
myxmderaa.  Miiein,  or  raiieeid  siihstaneea,  are  found  not  only  in  the 
salivary  glands  and  in  the  skin,  but  similar  glycoproteins  may  be  iso- 
lated from  the  tendons,  connective  tissues,  from  cartilage,  from  amyloid, 
and  they  occur  not  infrtMjurntly  in  the  invertebrates.  The  general  com- 
position of  various  murins  is  shown  in  the  following  figures: 

C 

Snikll'B   mtiain tlO.32 

Tendon   inncoM   ...        48.Tfl 
Sutimnxilliiry  niucin..     4S.AI 

8«llv«rT  mucin   4R.2fl 

1.49 

The>"  contain  on  the  average  leas  carbon  and  nitrogen  and  more  oxy- 
gon and  sulphur  than  the  simple  proteins. 

The  mucins  ar«  conjugated  proteins,  they  are  glycoproteins.  That 
is,  when  they  arc  hydrolyzed  by  acids  they  yield  a  carbohydrnte  radicle. 
The  exact  composition  of  the  mucin  of  the  submaxillary  or  of  any  other 
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true  aUrny  mucin  lias  not  yet  been  dotorminod,  but  oxicnsire  studies  havo 
been  made  by  Gi««,  IjCvcoc  and  o11i«rs  on  the  mucoid  o(  the  tendons. 
The  relation  between  the  throndrop  rote  ins  (mucoids)  and  mucin  is  Btill 
uncertain,  but  the  former  eontaius  moru  aulplmr  tiiau  the  latter.  The 
mucins  have  the  general  properlics  of  tlio  uufk-ias,  lliat  is  they  are  read- 
ily soluble  in  dilute  aUtali,  are  readily  prei-ipilaled  by  dilute  acid,  but 
are  soluble  in  strong:er  acid.  They  are  prcparctl  by  oxtractinit  tissues 
with  water,  or  with  dilute  alkali  and  precipitating  with  aretic  at^id.  Sm-h 
prcparatiom  gvuerally  voutuiu  nuehroprotcin.  They  arc  acid  bodicti; 
and  exist  in  the  tissues  as  salts.  The  mucin  of  the  subm&.'cillary  pland 
probably  exists  as  the  potassium  sail.  Bcin^  acid  bodies,  like  the 
nuclctits,  they  form  compounds  with  basic  dyes,  or  at  least  some  of  the 
mucins  tlius  combine,  and  one  of  the  priiicipal  mm?in  alaiiis  is  tliiooin, 
which  is  such  a  basic  dye.  According  to  Leveue,  submaxillary  mucin 
has  some  of  its  sulphur  as  ethereal  sulphate. 

Ou  decomposition  of  tendon  mu(tui{I  by  hydrolysis  by  ai-.i<is,  Levcnc 
found  that  it  split  into  sulphuric  auid,  galactose,  galaelosHminc;  and  by 
stronger  acid  into  leucine,  tyrosine,  IcvuUnie  acid  and  acetic  acid.  It 
contains,  therefore,  a  hcxosc  (shown  by  the  leTuIinic  acid)  and  sulphuric 
acid.  It  is  thus  clear  that  the  mucoids  must  be  closely  related  to  the 
earlilages.  The  organic  matri.x  of  earlilage  consistg  of  two  proteins, 
one  of  whifh  ia  a  conjugated  protein  formed  by  a  simple  protein  united 
with  eliondroitie  aci*!,  that  is  with  cartilage  aeid,  since  the  word  chon- 
droitic  means  cartilage.  This  cartilage  acid,  or  ehrondroilic  acid,  ja 
an  acid  found  in  small  amounts  in  the  urine.  When  hydrolyzcd  by  aeid 
it  breaks  up  according  to  the  scheme  shown  on  page  32.T. 

The  final  products  of  deeomposil  ion  of  the  chrnndroitip  aeid  are  there- 
fore glucosamine,  or  leviilinic  aeid  from  it,  sulphuric  aeid,  acetic  aeid.  gly- 
curonic  acid.  These  are  just  the  splitting  products  which  Levene  found 
among  tlie  decomposition  products  of  tendon  mucoid.  It  seems,  there- 
fore, that  the  prosthetic  group  of  the  mucoid  molecule  is  chrondroitic 
acid,  or  a  closely  similar  acid.  He  was  not  able  to  isolate  the  chrondroitic 
acid  itself.  Mucin  is  related,  therefore,  to  cartilage  through  the  mucoids. 
The  difference  between  tliem  is  probably  to  be  found  in  the  protein  part 
of  the  molecule  and  the  proportion  of  chondroitic  acid.  Muein  also 
occurs  chiefly  as  the  potassium  salt,  whereas  cartilage  mucoid  is  prob- 
ably present  chiefly  as  the  calcium  salt. 

The  relation  of  mucin  to  cartilage  is  extremely  intercRling  from  the 
evolutionary  standpoint.  It  shows  that  mesodermal  and  the  ectodermal 
tissues  arc  possibly  not  so  unlike  in  their  ehenucal  nature.  A  very  inter- 
esting fact,  also,  is  the  resemblance  in  composition  of  mucin,  which 
occurs  in  sueh  quantitici!  in  the  skin  of  the  lower  vertebrates,  to  ehitin. 
the  hard  covering  of  the  arthropods.    When  chitia  is  hydrolyzed  it 


J 
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yields  gliicosnminc  and  Bccttc  acid.  It  is  supposed  !«>  be  a  pob-merized 
monoQCCtyl  glucosaniine.  Tbere  is  always  present,  also,  some  sulphuric 
acid,  but  this  is  generatty  regarded  as  an  admixturo  of  inorgauic 
sulphate,  in  other  words,  cbitiu.  wbicb  is  Uic  main  constitncut  of  Ibe 
external  and  internal  hard  parts  of  the  arthropoda,  is  chomieally  related 
to  tlie  canilagp  or  the  organic  matrix  of  the  internal  skeleton  of  the 
vertebrat«s  and  to  tnurin,  orhich  is  sueh  an  important  constituent  of  the 
skins  of  vei-tebrates.  These  facts  lend  support  to  tlie  view  that  the  cbitin 
of  the  invertebrate,  perhaps  by  combination  with  glycurooic  and  sul- 
phuric acids,  formed  the  matrix  of  the  mucin,  mucoid  and  cartilage  of 
the  vertebrates.  These  fads  are  of  interest  in  llit;  light  ot  llie  theory  of 
Qaakell  and  Patten  that  the  arthropods  were  the  ouccstors  of  the 
vertebrates. 

"  oflln. 


Cliondroitionctd. 


Chrondrof 


Chrondroittn  in  its  properties  reseuililus  gum  arable    It  yields  acetic 
ucid  and  chrondi-osia. 

C,. V'*"*  +  «',«  =  =»C,H,0,  +  C,.H    NO,, 
Chondioitin.  A»tic         CboDarosin. 

■cid. 

On  iurtlier  hydrolysis  chondrosin,  which  is  a  reducing  substance, 
splits  08  follows: 
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Proposed  forviuto.  for  chnndroiti«  toid. 
{Lerrna  and  Ltt^rge.) 


While  iJie  composition  of  the  salivary  mucin  is  still  uncertain,  there 
aw  several  facts  which  indicate  that  it  ia  closely  related  to  the  mucoids. 
It  has  been  shown  (Miiller),  tor  cxaiuplo,  that  of  the  total  sulphur  in 
the  compound  35  per  cent,  is  in  the  fonn  of  oxidized  sulphur,  and 
(Levene)  Uiat  part  of  it  is  prest^nt  as  ethereal  sulphate.  The  carbo- 
hydrate radicle  makes  36.9  per  cent,  of  the  salivaiy  mucin,  and  about 
24  per  cent,  of  the  submaxillary  mucin  (Miillcr).    Tliis  radicle  is  prob- 
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ably  at  least  in  part  glucosanitnc.  Moreover,  it  is  probably  a  monoacetyt 
hexosamine.  This  rotates  the  inueiu  at  ouoc  to  c-liitiii,  wliieli  is  a.  polymer 
of  an  acetylated  glucosammc.  Oo  cooking  with  alkali  it  splits  off  a 
complex  carbohydrate,  called  animal  gam  by  Laudwehr,  which  does  not 
itself  reduce  Fehliag's  solutiou  hut  ouly  after  liydrolyais.  This  again 
would  relate  it  to  chitin.  It  appears,  Uiwi.  thai  the  prosthetic  group  of 
muciu,  if  not  cboudroitic  acid,  is  at  any  rale  related  to  it  and  reHiin- 
bles  chitin  in  many  ways.  The  protoin  part  of  the  molecule  is  still  not 
well  inrestigated.  Mucin  whieh  has  been  n-anned  with  alkali  gives  a 
very  red  color  wilh  dimethylaminoBZoboiuwldehyde  (Ehrlieli).  Thig 
reaction  is  given  also  by  acelylated  glucosamine  when  it  is  treated  with 
alkuli.    Chitosan  from  cliitin  docs  not  ^ve  this  reaction. 

Do'  mucin  is  a  white  amorphous  substance,  which  swells  in  water 
and  dissolves  on  the  addition  of  a  little  alkali.  As  precipitated  by  acetic 
acid  its  reaction  is  acid.  It  gives  the  protein  reactions,  but  it  does  not 
coagulate  on  heating  a  neutral  solution.  It  is  complotoly  prtv;ipitnted  by 
saturation  wilh  ammonium  Hulpliato,  Imi  nol  by  magnesium  siilphati!. 

Preparation  of  mucin. — Mucin  is  prepared  from  the  submaxillary 
gland  of  the  dug  by  extracting  the  finely  hn-ihf-d  organ  with  water  and 
filtering,  IK't  of  25  per  cent,  is  th(;n  atldcd  to  the  filtrate  until  this 
vonlstna  0.15  per  cent,  of  tlCl.  On  the  addition  of  the  acid  there  is  at 
first  a  precipitate,  but  this  soon  redif!solvc«.  The  clear  solution  may  be 
then  dihitod  with  2-3  volumes  of  water  when  the  mucin  precipitates 
oat.  Tendon  nmcoid  may  be  prepared  from  tlie  ox  AcliiUcs  ttudon  by 
extracting  the  chopped  tendon  fii-sl  with  water  and  then  10  per  cent. 
XaCl  to  free  it  from  prolciu.  It  is  then  extractt.tl  willi  Ca(On;).  The 
extract  is  filtered;  the  mucoid  is  precipitated  with  acetic  acid  and  puri- 
fied by  ri-p<-«lcd  solution  in  dilute  ulUuli  and  roprecipitation  wilh  acid, 

B.  Digestive  action  of  saliva. — 'Ihfit  liumun  saliva  Itus  the  power 
o£  converting  starch  into  sugar  was  discovered  by  I^uchs  in  1S3I.  If 
ft  little  saliva  is  mixed  with  starch  paste,  it  may  be  seen  that  the  paste 
vopy  quickly  beeomea  clear  like  water;  if  a  little  of  it  is  then  poured 
out,  it  will  be  found  that,  wlicreas  it  was  before  very  thick,  it  now  pours 
easily;  in  oUier  words,  its  viscosity  has  been  greatly  reduced;  if  a  little 
of  the  dear  solution  is  added  to  some  Fehling's  solution  in  a  test-tube 
and  boiled,  it  will  he  found  that  the  Fehling's  solution  is  reduced,  whereas 
it  was  not  reduced  eitlier  by  the  starch  alone,  or  by  the  saliva  alone;  by 
the  action  of  the  saliva  a  reducing  substance  has  been  formed;  finally, 
if  &ft«r  a  short  time  one  adds  to  the  mixed  solution  of  starch  and  saliva 
a  solution  of  iodine  in  potassium  iodide,  it  will  be  found  that  the  iodine 
no  longer  forms  the  blue  color  which  it  formed  in  the  starch  solution 
before  the  addition  of  the  saliva,  but  it  either  gives  no  color  at  all  or  it 
develops  a  red  color.    These  facts  show  that  saliva  changes  both  the 


BALn'ARY   DIGESTION 


427 


chemical  and  ph>'gieal  pFop«rtiC8  of  etaroh  solutions  and  that  the  starch 
disappears  and  a  reducing  sulwtance  appears  in  its  place.  If  the  starch 
solution  tlius  acted  upon  by  saliva  is  tasted,  it  will  be  found  to  have 
become  aweet.  From  these  ob&ervations  we  infer  that  saliva  changes 
starch  into  some  kind  of  reducing  sugar. 

Nature  of  the  changes  involved  in  the  digestion  of  starch. — The 
further  study  of  the  eliouges  vrhiuh  have  occurred  in  the  starch  solittion 
have  not  yet  succeodcd  in  entirely  cloarine'  up  the  matter.  The  question 
may  first  be  asked,  What  is  the  nature  of  the  sugar  produced  I  This  is 
certainly  in  greater  part  the  disaeeharide,  maltose,  C,,H,jO,,.  There 
appears,  however,  particularly  toward  the  end  of  the  action,  to  be  some 
glueose  present  also.  But  besides  tlie  maltose  there  are  aLso  furmed  in 
the  course  of  the  digestion  substanet;a  of  a  very  much  lower  reduciug 
power,  or  of  no  reducing  power  at  all,  and  suljstantvs  which  give  with 
iodine  a  red  coloration,  or  no  coloration  at  all.  These  subslauces  are 
called  '  *  dcstrins, ' '  because  they  arc  dextro-rotatory.  The  name  was 
given  by  Biot,  the  father  of  polariscopie  investigations.  The  dextrin 
which  gives  with  iodine  a  red  eoloi-ation  is  called  erj'throdextrin,  or 
the  red  dextrin  (Gr.  erythros,  red).  The  dextrin  which  gives  no  color 
with  ioduie  is  called  aehroodextriu,  or  the  colorless  dextrin  (Gr.  achroos, 
colorless).  These  substauces  are  colloidal  in  nature.  While  all  observ- 
ers arc  agreed  that  these  various  substances  are  formed  in  Utc  course 
of  the  digestion,  there  is  no  agreement  as  to  the  exact  order  in  which 
they  appear  and  their  relation  to  each  other.  The  difficulty  in  tlie  woy 
of  a  solution  of  the  problem  arises  in  part  from  the  difficulty  of  sepa- 
rating ([uantitatively  the  various  substances  formed,  but  also  because 
the  substrate,  the  raw  material  which  is  digested,  is  uot  a  pure  substance. 
There  is  certainly  in  every  starch  grain  some  substance  of  the  nature  of 
cellulose  which  is  far  more  resistant  to  the  action  of  the  enzyme  than 
stai-ch  proper.  Furthermore,  the  feriueot  solutions  may  «outaiu  moi-e 
than  one  cn^iyme.  i'robably  a  great  deal  of  experimental  work  will  be 
required  before  this  matter  is  entirely  cleared. 

The  products  of  the  digestion  of  starch  by  malt  extract,  which  has  s 
digestive  property  similar  to,  but  not  in  all  points  identical  with,  ptyalin, 
wore  found  by  MuscuLus  aud  Gi'uber  to  be  the  following: 

(a)  Soluble  starch.  This  was  insoluble  io  cold  water,  but  Holuble  it  60°. 
lodino  colored  it«  solution  vnne  ttd,  but  Uio  drjr  *iib>liiiice  blue.  The  iwludn^  power 
WM  6%  ot  tlwt  of  (tlHcoae.      (o_)^,    =  +  218*. 

lb)  Erythroilcx trill.  Soluble  in  cold  wnt^r.  Rnth  when  dry  anil  in  noliiticm 
givu  K  nd  color  with  iodiii'C.     Not  a  pure  ■ubsto.nce. 

(a)  Aoliroodvxtriii  a.  No  coltir  wilh  iodine  (o)^  2^+  210".  Hediiclng  power 
12%  that  of  glucose.    Lcm  eoellj  clinng^d  to  Bugxr  th&n  eT^tliroiipxtrin. 

(d)  AchrooduLtrin,  fi.  (ii>p=-f>10O.  Not  digveted  by  malt  dinstiim-.  Rirduoing 
pOii«r  13^  tbkt  of  gluco«& 
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(«}  Adiroodextrin.  7.  (q)^  ==  4.  ISO'.  y«t  Xgetied  by  dfaabiBn.  Rdclticing 
power  SS%  tbnt  of  gtuoo««. 

<()  M»]to»c,  Cj^H^^Oj^.  {afji  =4-140'  Keducing  power  M<5.  tfaat  of  gluooMi. 
It  is  oapabte  o(  fi-riiii'nuiion  by  yturt.     It  ia  nut  Attni-l«!<l  by  malt  diaataa«. 

(g)  Olucoae,  C^II,,^^.     (a)^    ^-}-S6*.     Frrmcntabli;.     Iteducing  power   lOD^. 

Awording  to  Brown  and  Herron,  tJic  simplest  fonmila  for  soluble  starch 
is  (C,,II„0,„),o.  Tliis  w)is  bi.*lievcd  to  split  off  multo«c  under  the  action 
of  uiall  diuHta-se  and  to  give  erythrodextrin  (C,aH„Oi„),.  This  losing 
anutliur  iiiolt^Milc  of  ituitlosc  went  into  a  sm-oud  trj'ihi'odextriu,  aud  Ibis 
aflur  the  loss  of  anotlier  molecule  ot  mallose  weul  iiilo  achroodextrin. 
TJie  final  mixture  contained  81  per  cent  of  muJtosf  and  19  per  cent,  of 
Bchroodcxtrin.  In  tlieir  opiuiou  Uiu  dcxirius  had  uo  power  of  reduction 
when  they  were  entirely  free  froui  maltose. 

Since  the  maltose  comes  off  almost  instantaneously  when  starch  solu- 
tion is  mixed  with  saliva,  it  is  generally  believed  that  the  course  of  the 
reaction  is  a  gradual  et«hiug  away  of  the  starch  molucule  by  splitting 
oft  siiceessivc  molecules  of  maltose  by  h^'drolysia,  aa  pictured  in  the 
following  scheme: 

SUrch  -f-  HO  ^Solublo  atarcli  -j-  Miillotiii 
Soluble  atareh  4.  H^O  =  Erj'tljrodcxUin  4-  MoJtoae 
ErytUrodoxtrin  4-11^0  =AchrgoOeYtnii  a   ^.Maltose 

Achrootlftxtrin  <■    4-H  O  ^^Ar^liromlrxtrin   p    ^.MnltMie 

Achroodextrin  /J  ^-H  0  =;Maltiiaf  +  Maltuw. 

We  may  accept  Ibis  scheme  as  the  best  one  possible  with  our  present 
knowledge,  although  there  are  many  (fravc  difficulties  in  the  way  of  ita 
acceptance  as  a  real  picture  of  (he  process.  The  main  fact  is,  however, 
that  dcxtrins  and  maltose  are  produced  by  the  action  of  saliva  on  stareh. 
There  is  ahw  in  human  saliva  some  maltasc  which  converts  some  ol  tho 
maltose  to  glucose. 

Ptyalin. — The  question  niaj-  now  be  asked,  "What  is  it  in  the  saliva 
which  enables  it  to  act  thus  on  starch  T  A  few  simijle  experiments  sliow 
that  the  active  substance  is  dfstroyed  or  loses  its  activity  if  the  saliva 
is  heated,  and  that  it  is  precipitated  from  the  saliva  hy  ali^ohol.  It  ia 
then  not  heat  stable,  and  it  is  probably  an  organic  substance.  Since  a 
very  little  of  it  can  convert  a  very  large  amount  of  starch  into  sugar 
by  hydrolysis,  it  evidently  belongs  in  tlic  group  of  substunces  known 
as  catalysts,  or  enzymes.  It  is  called  "  ptyalin,**  a  name  given  by 
Borzelius  to  tlic  peculiar  organic  mnttvr  of  tli<>  Kaliva,  but  now  cou6ued 
to  tlio  ferment.  The  word  comes  from  the  Greek,  plijahm,  spittle. 
rtyaliu  is,  tlicrcfore,  the  enzyme  in  saliva  which  digests  starch.  It  !a 
hence  an  "  amylase,"  that  is  an  enzyme  which  hydrolyzes  starch,  or 
amylora.  It  is  not  certain  whether  there  is  but  a  .single  enzyme  in 
ptyalin.  There  may  be  8Cvcral,~an  amj'lase  converting  starch  to  dex- 
trin, and  a  dextrinase  which  converts  dextri  n  to  maltose.    There  is  hardly 
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a  doubt  that  in  the  pancreas  tiie  amjlas^  is  such  a  mixture,  and  it  is 
probable  that  tJiis  ia  tlic  case  in  tho  saliva  also.  Sucli  amylolytic 
en2f  mes  are  widttsprcad  in  nature,  being  found  not  only  in  all  vegetable 
cells  whicli  contain  slarcb,  but  also  widt-ly  dJKtribiited  in  auimala,  being 
found  in  the  blood,  saliva,  {utnereatic  Ki^^rction,  in  the  liver  and  prob- 
ably in  the  muscle  aUo.  They  are  also  vary  often  present  in  iuuuUIh, 
yuaats  and  bacteria,  altlioiigh  common  brewer's  yca^.  docs  not  contain 
amylase.  Thcao  aniylolytic  (literally  ataryli-Iooeening)  en?ymcs  are 
sometioies  culled  diastases  in  English,  American  and  German  lilera- 
ttm,  but  the  Freucb  use  tlie  term  diastase  as  a  synonym  for  eozyme  in 
general.  The  French  UHage  is  the  more  correct.  The  name  diastase  was 
given  to  the  slarch-Hplitting  enx.yme  in  malt  by  Payen  and  Persoz  to 
indicate  tiiat  it  waa  dilTerent,  or  stood  in  a  elans  by  itaelf.  The  word 
means  "  to  stand  apart,"  Qr.  dia,  apart,  or  tbrongb.  With  this  confu- 
sion  in  its  signiBcancc  it  is  perhaps  bctltcr  to  drop  the  word  entirely 
and  replace  it  by  the  word  i^nzyme  as  the  group  name,  and  amylase  as 
a  specific  name  of  tlie  st«rc-Ti -splitting  ferments.  Mnlt  amylase  was  first 
discovered  by  Dubniiofaut  in  1823,  and  isolated  and  carefully  studied 
by  Payen  and  Pemoz  in  1833.  It  was  tound  by  Krauasman  and  Kraueh 
in  leaves;  by  Barauelsky  in  the  tuberclwi  of  potatoes  in  repose;  by 
DuelauE  in  moulds  Kuch  as  Aspergillus  niger.  It  was  found  in  the  saliva 
by  Leuebs  in  1831,  iiiul  extracted  from  saliva  by  Mialde  in  1845;  tlie 
latter  year  the  amylase  of  the  pancreas  was  discovered  by  Bouchardat 
and  Sandras. 

While  all  these  different  enzymes  have  in  common  a  similar  action  in 
producing  a  soluble  sugar,  maltose,  from  starch,  they  differ  among  them- 
selves so  that  they  constitute  not  one  enzymo,  but  u  group  of  enzymes. 
The  amylase  of  the  saliva  is  much  more  sensitive  to  best  tiian  that  of 
malt  The  amylase  of  the  pancreas,  amylopsin,  converts  tlie  starch  into 
dextrins  more  rapidly  tban  the  dextrins  into  maltoHC.  And  there  arc 
other  diflferenccs  in  their  actions. 

Composition  and  manner  of  action  of  ptyalin. — The  r«mposi1ion 
of  ptyalin  has  not  been  much  studied,  owing  in  large  part  to  the  diffi- 
culty in  procuring  sufficient  material  and  of  separating  tlie  enzyme  from 
mucin.  But  the  composition  of  other  amylasca,  sueb  as  that  from  malt, 
has  been  often  investigated,  as  welt  aa  lliat  from  tlie  pancreas.  Tlie  best 
method  for  the  extraction  from  malt  or  the  puucreaa  is  to  extract  the 
tissues  or  material  with  two  to  four  volumes  of  dilute  ali^obol,  20-30 
per  cent.,  and  then  to  precipitate  the  plyalin  by  the  addition  of  three 
volumes  of  absolute  alcohol.  This  is  the  method  followed  by  Linlncr  in 
the  study  of  malt  diastase.  It  may  also  be  extracted  with  water  and 
precipitated  by  saturating  with  magnesium  sulphate.  Still  another 
method  was  followed  by  Fraenkel  and  Hamburg.    They  fermented  malt 
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extract  by  yctutt  to  get  rid  of  any  maltose  or  other  fermentable  sugar; 
filtered  from  the  Teaat  throngh  a  porcelain  filler;  precipitated  the 
protein  vciy  carefully  by  basic  lead  acetate;  and  fermented  Uio  filtrate 
with  a  Ditroeen-hunffrj'  yeast  to  free  from  the  amino-acids  and  peptones ; 
again  filtered  through  a  porcelain  filter;  and  evaporated  to  dryneas 
in  a  vacuum  at  a  low  t<?mpL'rature.  The  per  cent,  of  composition  of 
rarious  amylaiKis  obtained  by  various  obscit'crs  is  as  follows ; 
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Opinions  vary  widely  as  to  the  nature  of  tlie  active  principle.  Arm- 
strong has  suggested  that  the  enTymcs  arc  of  the  nature  of  the  sub- 
stances Uiey  act  on,  that  glucoside-splitling  eiixyines,  for  eicamplc,  are 
glucosideiL  Lintner  thinks  that  the  active  principle  is  a  carbohydrate 
and  the  nitroceii  present  in  most  preparations  is  an  impurity.  On  the 
other  hand,  there  was  no  carbohydrate  in  Osborne's  preparation,  so  that 
the  active  principle  can  hardly  be  a  carbohydrate.  Fraenkel  and  Ham- 
burg found  tliat  their  ver^'  active  preparations  gave  no  protein  reac- 
tions, except  the  faintest  Millon  and  xanthoproteic.  The  carbohydrate 
reaction  was  strong.  They  concluded  with  Lintner  that  it  was  a  carbo-. 
hydrate-  Wroblewski  says  that  he  has  prepared  a  very  aetivti  substance 
from  malt  extract  which  gave  no  carbohydrate  reactions,  but  was  of  the 
nature  of  an  albumose.  The  following  facts,  however,  are  aJrnittt^  by 
all  investigators:  Nearly  all  preparations,  if  not  all,  contain  phosphoric 
acid  which  it  is  very  difficult  or  impossible  to  eliminate  and  to  keep  the 
activity  of  the  enzyme.  There  is  a  growing  consensus  of  opinion  that 
in  most  enzyme  decompositions,  at  least  those  of  the  carbohydrates, 
phosphoric  acid  is  playing  some  unexplained  rule.  There  is  practical 
agreement,  also,  that  generally  tlie  enzyme  is  found  to  be  accompanied 
by,  or  to  be  part  of,  a  gum,  and  this  gum  eontain.s  phosphoric  acid. 
This  gum  is  an  araban,  a  pentose  gum.  In  all  organs  from  which  amylase 
has  been  isolated  pentoses  have  been  found  on  hydrolj'sLs.  All  obscrvera 
agree  that  the  active  principle  is  a  colloid.  It  will  not  diffuse.  No 
preparation  of  active  amylase  has  been  obtained  free  from  nitrogen  and 
tlie  protein  reactions,  whereas  some  have  been  obtained  free  from  carbo- 
hydrate reactions.  In  view  of  theie  fauts  we  may  tGntativoIy  conclude 
that,  while  the  nature  of  the  enzj-me  is  still  quite  unknown,  the  indica- 
tions are  that  the  active  part  of  the  molecule  is  a  protein,  probably 
colloidal,  and  that  this  active  principle  is  uxiially  combined  with  a  col- 
loidal, carbohydrate  gum.  It  is  possible  that  it  Is  only  active  when  united 
with  the  gum,  but  the  probability  is,  the  writer  thinks,  that  the  gum  act^i 
only  OS  a  bearer  of  the  active  principle,  making  it  more  stable,  and  that 
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the  principle  is  mora  active  when  free  from  the  gum.  In  other  words, 
thftt  the  compound,  guin-activc  principle,  is  the  proenzyme,  or  zjmogen 
as  it  is  called,  from  which  the  active  principle  may  he  set  free. 

There  is  no  doubt  that  the  active  principle,  whatever  iu  natuw,  com- 
bines with  starch  and  other  carhohydratea.  This  is  shown  by  the  fact 
that  it  is  much  more  st&ble  in  the  presenile  of  thene  bodies.  The  caxym& 
is  more  resisiaiil  to  heat,  ultra-violet  light,  alcohol  and  other  poisons  when 
carbohydrates  arc  present  in  tlie  solution. 

Determination  of  t^c  activity  of  amylolytic  enzymes.— The  activity 
of  any  preparation  of  amylase  mny  bt:  measured  in  various  nays.  As 
Boon  OS  the  starch  solution  becomes  clear,  the  further  course  of  the 
digestion  may  be  followed  by  the  diminution  in  the  rotatory  power.  In 
quantitative  dolerminalions  by  this  method  it  is  necesssry  to  correct  for 
the  mntarotation  of  the  maltose  by  the  addition  of  a  little  alkali  before 
polarization.  The  al)call  stops  the  digestion  aLso.  Another  method  hi  to 
611  glu.ss  lubes  of  au  iuterual  diameter  of  about  2  mtn.  with  a  Oiick 
KtarrJi  patite,  cut  the  tubes  iu  small  lengths,  place  them  horizontally  in  a 
small  flask  with  tJie  solution  of  amylase  to  bo  tested  and  measure  the 
length  of  tlic  starch  column  dissolved  at  ditlereut  time  intervals. 
Another  method  is  to  dotcnnine  the  length  of  time  which  is  required  for 
the  blue  iodine  reaction  of  a  starch  paste  of  knowji  concentration  at  a 
known  temperature  and  with  a  known  amount  oC  ferment  to  disappear. 
This  meihoil  is  better  than  measuring  the  rate  of  increase  of  the  reducing 
power  of  the  solution  by  Fehling's  solution,  for  the  latter  may  involve 
si-veral  enzymes,  whereas  Uic  iodine  reaction  probably  involves  only  the 
tunylaso  proper.  Another  metiiod  which  again  involves  the  dextriuases 
as  well  as  the  amylases  is  to  measure  the  rate  of  change  of  the  viscosity 
of  the  solution  by  a  viscosimctor.  In  all  these  measurements,  if  the 
activity  of  different  preparations  of  the  enzyme  are  to  be  compared,  it 
is  necessary  to  he  sure  that  the  conditions  of  activity,  such  as  the  acidity, 
proportion  of  inorganic  salts,  etc.,  are  iu  all  cases  at  the  optimum  for 
the  enzyme  being  tested. 

Conditions  of  activity  of  the  ptyalin. — ^The  optimum  temperature  for 
the  action  of  ptyulin  or  saliva  on  starch  is  40-45°.  The  action  is  per- 
manently lost  if  heated  rapidly  to  75* ,-  and  more  gradually  lost  if  heated 
for  longer  periods  at  lower  temperatures.  While  the  reaction  of  the 
saliva  is  very  faintly  alkaline  to  litmtis.  the  optimum,  reaction  for  the 
digestion  of  starch  is  a  very  faint  acidity.  Thus  the  addition  of  car- 
bonic acid  hastttns  the  action,  sh  illustrated  by  the  table  on  page  332 
{Chittenden  ami  Painter).  The  degree  of  acidity  must,  however,  be  very 
slight.  The  most  favorable  eonc-entration  of  hydrogen  ions  was  found 
lobe:NXlO^''. 

If  more  acid  than  this  is  present,  If  sufficient  is  present  to  torn  congo 
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red  violet,  n  liydrogcn  ion  concentration  of  NXIO"*.  the  activity  is 
stopped.  The  c1ig<»tion  will  still  proceed  in  faintly  alkaline  solution,  but 
it  is  already  partially  inhibited  if  the  reaction  is  alkaline  to  phenolphtha- 
loin  and  atronger  amounts  of  alkali  quickly  bring  the  reaction  to  an  end. 
How  acids  actelerat*!  the  ptyiilin  action,  and  tliey  act  in  exactly  this  same 
maimer  toward  another  enzyme,  inverlin,  is  not  yet  known.  One  siig- 
g«8tJon  is  that  the  acids  form  the  active  principle  from  the  inactive 
zymogi-n.  Perhaps  they  set  free  tlie  active  principle  from  the  gum;  per* 
hapti  they  may  act  in  other  ways  by  combining  with  the  enzyme,  or  the 
atarcli.    This  matter  has  to  bo  left  for  future  investigation. 
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The  presence  o£  some  salt  is  necessary  for  the  action.  Carefully 
dialyzed  saliva  loses  much  of  its  activity,  and  this  is  restoi-ed  by  the  action 
of  dilute  salts.  Phosphates  particularly  favor  some  of  the  amylases. 
How  the  salts  act  is  not  clear,  but  possibly  they  increase  the  linenoss  of 
subdivision  of  the  enzyme,  just  as  Choy  help  to  dissolve  globulins,  and 
Ibns  in  effect  increase  its  concentration.  Salts  of  the  heavy  metjits  may 
be  very  toxic.  Thus  uranium  salts  even  in  a  dilution  of  .0001  per  cent, 
retard  and  O.OOS  per  cent  of  uranyl  nitrate  completely  inhibits.  Silver 
nitrato  and  mercuric  chloride  are  also  highly  toxic.  The  toxic  action  of 
these  salts  indicates  that  the  active  principle  is  probably  a  protein.  II 
the  acidity  is  already  beyond  the  optimum,  the  addition  of  amino-acids 
greatly  improves  the  rate  of  digestion,  since  tlitse  substunccs  combine 
with  the  acids  and  thus  help  establish  tlie  optimum  acidity.  It  will  be 
observed  that  the  optimum  conditions  for  the  action  of  saliva  are  those 
present  in  the  medium  for  which  it  was  designed,  if  we  may  use  a 
teleological  expression.  When  the  food  is  swallowed  we  have  in  the 
stomach  a  very  faint  acidity,  some  salts  and  proteins  with  their  decom- 
position pnxlucta. 

The  products  of  digestion  inhibit  the  action  of  ptyalin. — As  la  tha 
eaoo  with  moat  cuzymcs,  the  speed  of  conversion  of  the  substrate  is 
reduced  by  the  pr^ence  of  the  hydrolytic  products  of  the  digostion.  It 
will  be  found  that  if  two  starch  solutions  of  the  same  strength  and  the 
same  temperature  are  taken  and  to  one  some  maltose  is  added  and  not 
lo  the  other,  and  it  to  each  the  same  amount  of  saliva  is  added,  Uie  one 
witliout  the  maltose  loses  the  iodine-starch  reaction  before  the  one  with 
the  maltose.    TIio  action  of  the  ptyalin  tm  the  starch  is  reduced  by  the 
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presence  of  the  maltose.  This  fact  of  the  retardation  of  the  velocity  "by 
Uie  products  of  the  digestion  is  generally  tnie  for  all  hydrolytie  enzymes. 
Now  in  the  stomach  and  inlOTitini'-s  tliis  retarding  action  Is  avoided  hy 
tho  reabsorption  of  the  maltose  by  the  walls  of  the  intestine  as  rapidly 
as  it  is  formed  so  that  it  docs  not  remain  to  vex  the  ptyalin  by  its 
presence. 

The  effect  of  the  removal  of  the  maltose  in  increasing  the  speed  of 
digestion  of  stareh  is  shown  very  clearly  in  tlie  following  oJtperiineDt  of 
Lea,  in  which  the  course  of  the  digestion  oE  the  starch  was  followed  by 
the  iodine  reaction.  In  one  case  the  digestion  was  earned  on  in  a  beaker, 
and  in  the  other  In  a  dialyicinK  tnbc  immersed  in  rumiing  watvr  so  that 
the  maltose  was  dial>-zed  out 
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This  retarding  action  of  maltose  and  other  sugars  on  the  rate  of 
digestion  of  starch  by  ptyalJn  was  at  first  snpposed  to  be  due  to  the  mass 
action  of  the  maltose.  The  reaotion  by  whicli  tlie  digestion  of  the  starch 
is  produced  was  NiippoKCd  1o  be  a  revemibte  one. 
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The  addition  of  maltose  wifiht  be  supposed  to  reverse  the  reaction  and 
thus  to  chock  tho  rapidity  of  the  disappearance  of  the  starch.  This 
explanation  is  incorrect,  or  at  least  insufficient.  The  fact  is  that  the 
maltose  combines  with  the  enzyme,  thus  removing  it  from  acting  on  the 
stareh.  This  can  he  shown  by  tlie  addition  of  sugars  other  than  maltose 
to  the  reacting  mixture.  All  will  be  fonnd  to  retard  the  reaction,  but 
maltose  and  glucose  retard  it  most. 

Law  of  action  of  the  ptyalin. — If  a  dilute  solution  of  starch  is  used 
and  the  enzj-me  added  in  more  than  a  minimum  amount,  the  rate  will 
be  found  to  double  with  a  doubling  of  the  amount  of  en2ymc.  In  other 
words,  the  speed  of  the  reaction  goes  proportional  to  the  concentration 
of  the  enzyme.  Chittenden  and  Smith,  using  100  cc.  I  per  cent.  st^Lrnh 
solution  with  varj'iug  amounts  of  saliva  which  had  been  diluted  50  to  100 
times,  obtained  in  30  minutes  at  40'  C.  the  following  per  cent,  of 

sngar: 

6»liv» 0.5 cc.        1,0 c.«,  e.Oc.e. 

Sugar  per  cent.    S.OO  7.23  16.08 
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The  increase  in  sugar  was  nearly  proportionol  to  the  increase  in  the 
saliva.  If,  however,  tubes  of  stAreh  paat«  are  used,  so  that  the  enzyme 
must  always  act  on  the  starch  in  the  prescueo  of  a  strong  solution  of  the 
product*  of  its  activity  which  diffuse  away  very  slowly,  then  the  rate 
g'oes  approximately  proportional  to  the  square  root  of  the  concentration 
of  the  enzyme.  That  is,  if  of  two  tubes  one  is  placed  in  on  enzyme 
solution  four  times  as  concentrated  as  the  other,  the  rale  at  which  the 
Btareh  is  digested  in  the  two  tubes  will  not  be  as  one  is  to  four,  but 
approximately  as  one  is  to  two.  The  rate  will  be  doubled,  not  increased 
foar  times.  One  will  digest  two  millimeters  while  the  other  is  digesting 
one.    This  is  called  the  law  of  Schiits  and  Borissow.    Amount  digested 

-i-  by  the  time  =  K\^  t-'(.nB«,i  Cfa™.™!  is  Iho  concentration  of  the  ferment 
Time  of  appearance  of  the  ptyalin  in  development. — Only  the  parotid 
of  the  new-born  contains  amylase;  the  submaxillary  lacks  this  action. 
It  appears  in  the  sabmaxillary  and  the  pancreas  only  at  the  end  of  the 
second  month  of  life.  At  birth  the  activity  of  the  parotid  is  little  more 
than  that  of  many  other  tissues. 

Variation  in  different  types  of  animals. — Not  all  salivary  glands  haTe 
in  them  ptyalin  or  an  amylase.  There  is  very  little  or  none  present,  for 
example,  in  the  saliva  of  various  carnivores,  such  as  the  dog  and  cat. 
The  parotid  glands  of  rodents  are  said  to  be  most  active.  In  the  horse 
mixed  saliva  is  said  to  have  a  very  powerful  diastatic  action,  whereas 
saliva  cntlecled  from  the  parotid  duels  is  satd  to  be  inac^tive  (EHenberger 
and  nofmei:!ter}.  Then?  is  a  potaibility  that  a  co-ferment  or  kinase  ts 
neccasary  for  the  action  of  the  enzyme  and  this  may  bo  absent  in  some 
glands.  The  late  Tir.  G.  W.  Cook  told  the  writer  that  if  the  human 
mouth  is  carefully  washed  out  with  a  sterile  solution  of  water,  or  dilute 
antiseptic,  the  saliva  collected  from  the  ducts  may  bo  inactive,  whereas 
the  saliva  which  has  been  in  contact  with  tlie  mucous  membrane  of  the 
mouth  is  very  active.  It  is  possible  tliat  hacteria  are  necessary  for  the 
setting  free  of  the  amylase,  as  Kllenberger  and  Hofmeister  su^iested  for 
the  horse,  or  it  may  be  that  the  mucoits  membrane  contributes  a  kinase 
to  assist  in  the  action.  This  matter  should  be  carefully  investigated.  It 
might  clear  up  some  of  the  contradictory  statements  in  the  literature. 
Various  observers  have  found  that  a  carbohydrate  diet  increases  the 
amylase  and  maltase  ccmtent  of  the  saliva  of  human  beings  and  d 
Others  have  failed  to  find  such  an  increase. 

Other  enzymes  in  the  saliva. — Besides  the  amylolytie  enzyme,  human 
«aliva  contains  a  substance,  an  erepsiu.  w!ii(?h  will  split  the  tripeptide, 
I-leucyl-glycyl-d-alanine  and  probably  other  peptides;  and  maltase,  an 
enzyme  which  will  convert  raaltiwc  into  glucose,  the  amount  of  which  is, 
however,  small  and  its  origin  unknown.  It  may  b«  derived  from  the 
maltase  of  the  blood.     Saliva  also  contains  catalasc,  which  catalyzes 
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en  peroxide  sotting  fr«o  oxygcD;  and  an  oxidase.  Saliva  blues 
gaaiac  tineturo,  and  develops  color  wttli  p-phtmylendtamin,  a-oaphthol 
and  m-toliiylendiamiii.    It  is  probable  Uiat  other  enzymes  in  small  quan- 

■    titieB  will  be  found  in  it. 
Potassium  sulphocyanate  and  other  excretory  substances-^Potfts- 
sium  sulpliocyauati!  ia  found  id  most  human  saliva  io  gmall  quantities. 
It  i«  gcueraily  present  in  larger  amounts  in  tlie  saliva  of  smokei-s  s}iortly 

I  after  smoking.  It  is  in  the  nature  of  an  excretory  substance  aud  is  not 
supposed  to  have  any  function.  Whenever  cyanides  arc  ingested,  as 
they  are  in  some  fruita  or  in  tobacco  smoke,  Ihey  are  cx<'rQted  as  sulpho- 
ey&nates,  wliiL-h  an-  excreted  in  practipally  all  of  the  secretions.  It  is 
possible,  abio,  altliough  it  h»s  not  been  proved,  that  hydrocyanic  acid 
may  b«  formed  iu  shhlII  amounts  in  the  oxidation  of  protein  in  the  body, 

■  since  nifxilns  appear  in  the  oxidation  of  proteins  by  permanganate. 
Many  other  excretory  substances  may  be  found  in  the  saliva  in  larger 
or  smaller  amounts,  depending  on  their  concentration  in  the  btood.    Thus 

■    urea,  uric  acid,  small  amoonts  of  glucose  and  other  excretory  sub- 
'stances  have  been  isolated  from  saliva.    Iodides  pass  out  in  the  saliva 
very  qnickly  and.  since  nilritas  may  also  be  excreted  here  or  be  formed 

iin  the  mouth  by  the  action  of  bacteria  from  nitrates  excreted  in  the 
saliva,  tbe  iodine  of  ingested  iodides  may  be  set  free  and  produce  irri- 
tation of  the  throat  and  mouth. 
Importance  of  salivary  digestion. — The  importance  of  the  digestive 
action  of  the  saliva  on  starch  was  long  underestimated,  for  it  was  thought 
that  the  action  was  checked  at  once  on  entrance  of  the  food  into  the 

I  stomach..  We  now  know  that  this  is  not  the  case,  but  that  the  food 
oollecta  in  the  fundus  of  the  stomach  in  a  lai^  mass,  in  the  interior 
of  which  the  reaction  is  very  faintly  a<'id,  the  optimum  conditions  of 
ptyatin  action  prevail  aud  that  for  a  half  hour  or  longer,  depending 
on  the  sise  of  the  meal,  the  ptyalin  may  continue  to  digest  the  slArchts. 
Its  action  is  permanently  checked  as  soon  as  the  hydrochloric  acid 
accumulates  sufllcienlly  to  give  a  reaction  with  congo  for  free  acid.  In 
another  way,  also,  tbe  saliva  may  be  an  important  aid  to  digestion.  It 
is  stated  by  several  competent  observers  that  tlw  fowl  malters  when 
thoroughly  mixed  with  saliva  digest  very  much  faster  with  gastric 
juice  than  food  matters  not  so  mixed,  and  this  is  not  supposed 
Io  be  due  entirely  to  the  finer  state  of  division  of  the  food.  The  pres- 
ence of  saliva,  or  its  digeslivc  products,  may  also  art  as  a  stimulus 
to  the  secretion  of  gastric  jnicc.  For  all  these  and  other  rcasona  a 
thorrragh  maatication  of  the  food  undoubtedly  conduces  to  good 
digestion. 

Composition  and  metabolism  of  the  salivary  glands. — The  compo- 
sition of  the  salivary  glands  has  been  very  littlo  investigated,  and  what 
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u  known  about  them  throws  very  little  light  on  their  metaboUatm' 
Besides  thu  mucin  which  the  snblin^ial  and  3Ubma:;illar7  glands  con- 
tain in  small  but  undetermined  quHntities,  th&y  contain  also  a  Dueloo- 
protein  and  nucleic  acid.  Xanthine  and  guanine  have  been  isolated  Ir 
a  nacleoprotein  which  is  ol>tu)ned  by  extracting  the  mucin  flrgt  by 
water,  and  then  the  nucleoprotein  by  dilute  alkali,  such  as  lime  water,  and 
precipitating  by  acetic  acid.  The  nueleoproteiu  thus  obtained  (Holm- 
gren) contained  15.11  per  cent,  of  N  and  &onte  phosphorus.  On  peptic 
digestion  it  yielded  a  nuclein  containing  2.9  per  cent.  P.  It  ia  aaiot 
(Horsley)  Oiat  after  thyroid  exiirpalion  in  apps  mucin  is  increased  in 
the  glands,  and  even  appears  in  the  parotid  gland  where  it  is  normally 
absent.  Ptyalin  or  a  ptyalinogen  exists  in  unknown  amounts  in  ths 
parotid  gland. 

The  consumption  of  oxygen  by  the  gland  increases  when  it  is  in  a 
state  of  activity  (Barcroft).  Like  the  other  glands,  it  has  an  unusually 
high  rate  of  oxygen  consumption  per  gram  of  tissue:  namely,  .028  c.&' 
Oj  per  gram  per  hour.   Muscles  use  .004  c.c.  0^  per  gram  per  hour. 
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CHAPTER  IX. 
DIGESTION  IN  THE  STOMACH. 

After  a  more  or  less  tliorough  mastication  and  mixing  with  tbe  saliva, 
titc  food  is  awullowcd.  It  passes  dnwn  thu  a;.so]>hagus  into  the  stomach, 
where  it  rvmaius  for  a  period  of  from  one  to  Sve  hours,  undergoing  & 
process  of  solution  by  rJio  action  of  U)o  juices  socreted  by  this  organ.  At 
first  it  lies  in  the  stomach  in  a  mass  in  tho  left  side  or  fundos  of  tbo 
BtomaeU.  SmaU  portions  are  gradually  soparatod  from  this  mass  by  the 
contractions  of  the  stomach,  partially  digost^^l  in  the  pyloric  region, 
and  as  soon  as  they  are  reduced  to  a  state  of  fine  division  or  solution 
passed  ou  through  the  pylorus  into  the  intestine  for  furtJter  digestion 
and  absorptiou  there.  Wc  may  now  proceed  to  examine  in  detail  the 
nature  of  the  processes  involved  in  gastric  digestion. 

Morpholoify.— The  stomach  is  an  cnlargcuicnt  of  tlic  alimentary 
canal  found  in  all  vertebrates,  whicli  functions  both  as  a  reservoir  and 
as  a  digestive  ot^an.  It  has  an  acid  seeretion  and  contains  hydroehlorie 
add.  Tho  shape  of  the  stomaeli  differs  in  different  animals,  varying 
from  a  slight  tubular  eidargemcut  of  the  alimentary  canal,  such  as  ht 
found  in  the  frog,  to  a  many-chambered  organ.  In  most  of  the  verte- 
brates, including  the  mammalia,  and  particularly  in  the  Comivora  and 
Primates,  there  is  only  a  single  cavity,  but  this  may  be  partially  sepa- 
rated into  two  by  a  muscular  constriction,  more  or  less  pronounced, 
between  the  fundus  and  the  pyloric  portions.  The  mucous  membrane 
of  these  two  portions  is  often  plainly  different  in  its  macroscopic  appear- 
ance, and  lustologieal  examination  shows  it  to  be  different,  also,  in  its 
finer  structure.  The  glands  in  the  pyloric  region  have  in  them  none  of 
the  so<calIcd  parietal  cells.  There  is  also  a  difference  in  the  chemical 
nature  of  the  juice  they  furnisli. 

The  most  complcx'form  of  stomach  is  found  in  ruminants.  In  eova 
and  other  animals  of  this  class  the  stomach  consists  of  several  chambers. 
Thcae  di^sions  are  called  respectively  the  paunch,  or  rumen,  which 
receives  the  food  as  it  is  first  swallowed;  the  reticulum ;  the  omasum,  or 
psalterium ;  and  the  abomasum.  The  first  two  cavities  have  an  alkaline 
secretion  and  here  tlte  digestion  is  carried  on  by  means  of  bacteria  and 
saliva.  When  the  liolua  of  food,  after  regurgitalion  from  the  reticulum, 
is  chewed  and  rcswallowcd,  it  passes  into  the  second  stomach,  or  psal- 
terium. and  this  corresponds  to  the  fundus  portion  of  the  human  stomach, 
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fo  paunch  and  reticulum  corwaponding  to  an  enJargftraeiit  of  the 
ceeophagas.  Tho  psalterium  and  the  abomasum,  or  rennet  siu.-k,  faave 
ao  acid  secretion  like  the  humau  stomach.  The  fourth  stomach,  or 
abomasum,  corresponds  to  the  pyloric  end  of  the  human  stomach.  In 
Eoine  of  the  ruminants  there  is,  in  addition,  a  division  of  tho  paunch 
for  carrying  water.  Thia  is  brought  to  a  high  state  of  perfoution  in  the 
camel. 

When  empty  the  human  stomach  is  normally  contracted  on  ilaclf  so 
that  its  walla  are  in  contact  and  tiie  reaction  of  its  mucous  membrane  is 
either  very  faintly  acid  or  even  neutral.  When  water  i»  swallowed  into 
an  empty  stomach  it  runs  rapidly  through  the  stomach  into  the  inteatine, 
where  it  is  absorbed.  But  when  food  is  swallowed  the  stomach  begins 
to  relax  and  it  relaxes  sufflcicntly  to  adapt  itsolf  to  the  amount  of  food 
taken,  the  powers  of  relaxation  being  really  remarkable.  But  while  the 
stomach  is  normally  contracted  and  empty  between  meals,  it  sometimes 
happens  that  it  re-expands,  after  emptying  itself,  and  becomes  filled 
with  a  juice  acid  in  reaction.  Such  a  dilated  stomach  is  a  source  of  much 
discomfort,  and  is  pathological. 

General  Physiology  of  the  Human  Stomach.— What  actually  hap- 
pens in  the  human  stomach  when  food  is  swallowed  and  during  diges- 
tion was  first  accurately  observed  by  the  American  army  surgeon,  Dr. 
Beaumont,  in  the  stomsoh  of  the  Canadian  courcur  du  bois,  Alexis 
St.  Martin.  These  observations,  though  old,  are  still  In  many  respects 
tlic  best  observations  on  liie  human  organ,  and  they  have  since  been 
many  times  confirmed.  The  nature  of  the  wound  in  St.  Martin  and  his 
robnst  health  tymblcd  a  very  careful  scrutiny  of  a  perfectly  healthy 
organ.  Alexis  St.  Martin  was  wounded  in  the  left  side  by  the  accidental 
discharge  of  a  musket  close  to  hira.  Tho  charge  carried  away  some  of 
the  lower  rib,  and  a  part  of  the  wall  of  tho  stomach  and  abdomen.  The 
injured  lung  protruded  from  the  wound.  On  healing,  the  wall  of  the 
stomach  and  the  alxloinlnal  wall  grew  together  so  as  to  leave  a  hole  or 
fistula  in  the  fundiLS  part  of  the  stomach,  through  which  food  could  be 
introduced,  or  gastric  juice  extracted,  and  the  inside  of  the  stomach 
directly  observed.  After  a  while  a  flap  of  raucous  mombrane  grew 
down  over  the  wound  and  acted  as  o  vah-e,  preventing  the  escape  of  the 
contents  of  the  stomach,  unless  the  valve  was  pushed  to  one  side.  The 
accident  occurred  on  the  island  of  Maekinae,  at  the  head  of  Lake  Miphi- 
gen,  in  1822.  The  poet  surgeon  was  Dr.  Beaumont  and  he  at  once  seized 
this  most  fortunate  opportunity  for  a  study  of  gastric  digestion.  He 
hired  St.  Martin  to  submit  to  observation  and  he  made  oat  many  of 
the  fundauiental  facts  of  our  knowledge  of  stomachal  digestion.  He 
observed  that  the  mucous  membrane  of  the  empty  stomach  was  pale 
pink  and  covered  by  a  thin  layer  of  mucua  of  a  neutral  or  slightly 
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alkaliuc  rcsclion,  but  that  as  soon  as  the  stomach  was  excited,  either  by 
the  introduction  of  food  into  it  or  by  mechanical  irritation,  the  mum- 
bnmc  bccBiae  a  bright  red  and  appeared  to  be  gorged  with  blood.  Its 
temperaltira  rose  a  degree  or  so  at  the  same  time,  and  if  it  was  watched 
it  «oald  be  seen  that  at  the  openings  of  the  stomach  glands  clear  drops 
of  colorless  juice  welled  up  and,  running  together,  trickled  down  th« 
■ides  of  Uic  organ.    His  dascription  of  the  organ  was  as  follows: 

'*  The  inner  coat  of  the  stomach,  in  its  natural  and  healthy  state,  h 
of  a  light  or  pale  pink  color,  varying  in  its  huea  according  to  its  full 
or  empty  state.  It  is  of  a  soft  or  vetvet-like  appearance,  and  is  con- 
stantly covered  with  a  thin,  transparent,  vise-id  mucus,  lining  the  whole 
interior  of  the  organ.  Immediately  beneath  the  mucous  coat,  and 
apparently  inoorporatod  with  tlie  villous  membrane,  appear  small 
spheroidal-  or  oval  shaped  gi'anular  bodies,  from  which  tlie  mucous  fluid 
appears  to  be  secreted.  On  the  application  of  aliment  the  size  of  the 
vessels  ia  increased,  ttie  color  heightened  and  vermicular  movements 
excited.  The  gaatric  glands  tH?gin  to  discharge  a  clear,  transparent  fluid, 
which  continues  rapidly  to  accumulate  as  aliment  is  received  lor  diges- 
tion. Tills  fiuid  is  Invariably  distinctly  acid.  The  mucus  of  the  stomach 
is  less  fluid  and  more  viacid,  and  sometime!!  a  little  saltisli,  but  docs  not 
possess  the  slightest  cliaracter  of  aeidity.  On  applying  the  tongue  to  the 
mucous  coat  of  the  slomach  in  its  empty,  unirritated  state,  no  acid  taste 
can  be  perceived.  Wlien  food  or  other  irritant  hits  been  applied  to  the 
membrane,  the  acid  taste  is  immediately  perceptible." 

By  irritating  the  stomach  with  a  feather,  a  thermometer  tube  or  a. 
rubber  catheter  he  got  several  ounces  of  juice  secreted  and  collected  for 
examination.  The  human  gastric  juice  thus  obtained  was  a  perfectly 
clear,  gcjierally  colorless  solution,  like  so  mut-li  water  in  appearance, 
except  that  it  was  now  and  then  mixed  with  some  bile.  It  had  in  it  a 
Utile  mucus.  It  was  salty  and  sour  to  the  taste,  turned  purple  cabbage 
red  and  effervesced  with  carbonates.  Some  of  the  juice  wa.s  analyzed  by 
Professor  Silliraan.  of  Yale  Univonuty,  who  found  that  it  contained  a 
good  deal  of  hydrochloric  acid.  Bcanmont  found  that  the  juice  thus 
collected  had  the  power  of  dissoh-inpr  meat  put  in  it  when  kept  warm 
outside  the  body,  and  he  thus  confirmed  Spallanxuni 'a  observations  of 
the  chemical  or  solvent  nature  of  the  juice.  The  collection  of  several 
ounese  of  juice  was  arcempanied  by  no  other  sensation  than  that  of 
faintneas  and  a  sinking  at  the  pit  of  the  stomach.  Among  the  other  very 
interesting  properties  of  this  juice  was  its  power  of  preventing  putre- 
faction. Meat  in  it  did  not  putrefy;  i1  had  a  preservative  action,  and 
Beaumont  found  that  applied  to  wounds  it  kept  them  clean  and  fresh, 
helping  them  to  heal  by  first  intention  and  stopping  suppuration. 

So  ftlflO  examined  the  time  which  it  took  to  digest  meals:  i.e.,  the 
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lime  necenary  for  the  gtomach  to  empty  itself  after  a  meal.  He  found 
Oiat  pork  took  longer  to  digest  Uian  bcvi,  and  iii  goucral  fatty  food  took 
loii{[er  than  lean.  Tlius  after  a  lueal  of  muttou  <!liops  and  potatoes  the 
stomach  was  empty  m  two  hours,  whereas  ait«r  a  hearty  meal  of  pota- 
toes, roast  pork,  vegetables  aud  pudding,  it  look  four  or  five  hours  to 
empty  itaell  Among  the  mottt  valuable  of  Ueaumoul'^  ohservatlous  were 
those  OQ  the  optical  appearauee  ol  the  mueou^  meubraui:  uudvr  varying 
conditions  of  health,  after  drinking  ardent  spirits  and  coffeo,  and  during 
i-onslipation.  Ho  was  able  to  sec  what  effect  drugs  had  on  the  mucosa 
and,  above  all  else,  he  was  able  to  find  out  to  what  extent  the  condition 
of  the  mucosa  could  be  inferred  from  exterual  symptoms.  Thus  he 
found  that  after  hard  drinking  of  ardent  spirits  the  mucosa  was  inflamed, 
small  ulcera  appeared  iu  it  aud  it  accrctetl  a  large  amount  of  mucus, 
bat  a  very  amall  amount  of  gastric  juice,  aud  this  almost  without 
digestive  action.  The  same  conditions  prevailed  in  fever,  so  that  gastric 
digestion  almost  ceased.  In  constipation,  too,  wlicu  the  tongue  was 
coated,  the  mucosa  was  bright  rod,  dry  and  secreted  litUe  juice.  AH 
of  tlicse  symptoms  could  be  clianged  in  tlio  latter  ease  by  the  use  of  a 
good  cathartic,  such  as  calomel,  the  mucosa  reuovorlug  its  normal  condi- 
tion. Particularly-  instructive  was  the  fact  that  the  couditlon  of  serious 
disturbauce  of  the  mucosa  could  not  he  inferred  from  any  outward 
s>-mptoma. 

Bcaumunt  also  tried  many  other  experiments.  He  introduced  various 
foods,  such  as  vegetables  or  meat  done  up  in  cloth  ba^,  into  the  stomach, 
leaving  Ihem  there  for  some  time  aud  afterwards  withdrawiug  and  exam- 
ioiug  them  to  see  wliat  BubKtances  would  be  affected  by  the  gastric  diges- 
tion. Beaumont  did  not  observe  any  secretion  of  gaslrie  juice  in  St. 
Martin  purely  as  the  result  of  smelling  food,  or  tasting  it,  or  from  tha 
fact  that  it  was  meal  time.  It  secreted  only  when  he  ate  or  when  tlie 
stomach  was  toechanically  irritated.  He  observed  no  appetite  juice,  in 
other  words. 

It  seems  hardly  probable  that,  had  there  hcen  such  an  appetite  secre- 
tion, it  would  have  escaped  so  acute  an  observer,  but  apparently  it  did 
not  occur  to  him  to  try  to  see  whether  the  mere  sight  oC  food  would 
stimulate  the  secretion.  Pawlow  ha.s  questioned  whether  the  juice  Beau- 
mont got  was  due  to  mechanical  irritation  and  h:iH  suggested  that  it  was 
in  reality  an  appetite  juice  due  to  hunger,  but  there  w  no  reason  to 
suspect  that  Beaumont's  ohservations  were  faulty  in  this  particular. 
Pawlow 's  criticism  was  based  chiefly  on  the  behavior  of  the  dog's  stomach. 
Richet  in  another  case  of  gastric  fistula  in  a  human  being  later  showed 
that  it  was  not  necessary  for  the  food  to  enter  the  stomach,  but  that  the 
taking  of  sugar  or  other  foods  into  the  mouth  would  start  the  secretion 
of  juice. 
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Beaamont  also  made  a  saggostion  as  to  tfa«  nature  of  th«  stimulus 
leading  to  the  Beosation  of  hunger.  He  mi^eeted  ttiat  tlie  turgidity  of 
the  gastric  glands  caused  this  seasatiou,  which,  if  it  be  auiite,  in  oftt-n 
ascribed  to  the  pit  of  the  stomach.  This  suggestion  remained  tlie  most 
probable  until  the  recent  observalious  of  BoldyrelF,  and  tliuse  of  Can- 
nou,  and  talor  of  ('arlson,  that  a  KcnsuLion  of  hnngtrr  is  ucoompanioil 
by,  aud  these  observers  believe  is  caused  by,  the  rhythmic  contraction 
of  the  empty  stomach. 

Manner  of  obtaining  gastric  juice. — a.  From  fistulas  in  Aunw« 
beings.  Human  gastric  juioe  uumixed  witli  food  has  been  obtained  siuco 
Alexis  St.  Martin  from  several  individuals  iu  whom,  owing  to  a  bloektug 
of  the  Qj^ophagus,  a  fistula  or  artiBcial  opening  bad  been  made  into  Ihe 
stomach  for  the  puriMtsc  of  fcitiing.  Among  the  commonest  causes  of 
such  strictures  of  the  uaophagus  which  prevent  swallowing  have  been 
the  drinking  of  caustic  liquids,  such  as  strong  acids  or  alkalies,  oithcr 
aecideatally  or  purposely.  It  may  happen  that  the  health  of  such  per- 
sons is  not  VC17  good,  so  the  composition  of  the  juice  obtained  from  them 
mo^'  not  he  alto{^ether  normal.  Au  esamjuation  of  such  casea  shows, 
as  with  St.  Martin,  that  the  stomach  when  empty  is  coutraoted  and 
eoutaius  no  juice,  but  only  au  alkaline  mucous  secretion.  They  can  wlieo 
huug^ry  often  cause  the  stomach  to  Hci;retc  by  chewing  foo<l.  This 
appetite  t»ecretion,  as  it  is  called,  has  provided  samples  of  pure  gastric 
juice  of  human  origin  for  examination. 

b.  By  stomach  tube.  Impui'c  juico  mixed  with  saliva  and  food  rem- 
nants can  be  obtained  from  normal  individuals  either  by  causing  vomit- 
ing or  drawing  oft  tlie  stomach  contents  witli  a  stomach  tube  after  eating 
a  meal.  This  is  the  clinical  method  for  deiurm^iulng  whether  the  secre- 
tion is  normal  in  amount  and  quality.  The  te^t  meal,  as  it  is  called, 
M  taken  in  the  morning  when  the  stomach  is  empty,  only  a  light  supper 
or  none  at  all  having  been  eiitcn  the  evening  before.  There  are  several 
test  meals.  That  of  Ewald  consists  of  a  buttered  roll  and  a  cup  of  weak 
tea;  another  such  breakfast  consists  of  a  roll  or  a  couple  of  pieces  of 
toast,  a  glass  of  water,  or  a  cup  of  tea,  aud  some  bacon.  This  is  tlior- 
oaghly  chewed.  After  Ihrce-quartors  of  au  hour  a  stomach  tube,  a 
flexible  rubber  tnl>e,  is  swallowed  and  a  portion  of  the  contents  are 
di-awn  out 

c.  From  animals  by  artificial  fistulas.  To  obtain  juice  from  antmala, 
the  method  usually  employed  is  ia  make  a  gastric  fistula :  i.e.,  au  opening 
is  made  into  the  stomach,  generally  at  the  fundus  end,  and  the  walls 
sewed  into  the  abdominal  walls,  leaving  au  opening  into  the  interior.  If 
the  walls  of  the  stomach  arc  brought  out  between  the  muscle  fibers,  the 
prasBuro  of  these  may  act  as  a  valve  and  prevent  the  escape  of  gastrio 
contents.    The  gastric  juice  flows  from  tjie  cannula  introduced  into  the 


<  fistula  when  the  dog  is  t«ased  with  the  sight  and  smell  of  food  or  wfaen 

lie  is  fed  pieces  of  meat.    Such  juiL>e  may  have  saliva  mixed  with  it. 

A  preat  step  forward  in  the  sludy  of  gsstric  sRcretion  was  taken  by 

Pawtow  in  hi&  introduction  of  the  uaophagcal  fistula  and  his  formation 

I  of  a  small  stoinaclr  pouch  sepaniti;  from  the  main  stomach.    In  making  an 

(esophageal  fistula  the  oesophagus  is  divided  and  the  two  cudn  arc  then 

sutured  to  the  skin.    The  result  is  that  when  a  dog  eats,  the  swallowed 

food  falls  out  of  the  upper  end  of  the  fistula  and  neitlier  it  nor  the 

saliva  enters  the  stomach.     Meanwhile,  from  tlie  stomach  fistula  juice 

may  be  drawn  olt  If  it  is  secreted. 

B       1.    Appetite  secretion.    Richot  discovered  in  human  beings  that  it 

^bns  not  necessary  to  swallow  food  to  arouse  the  stomach  to  activity. 

^PTOa  taste  or  smell  of  food  was  sufficient  to  provoke  a  ilow.    Pawlow 

■  found  the  same  facta  for  doga.    Advantage  may  be  taken  of  this  fact 

to  procure  pure  juice.    It  is  only  necessary  for  hungry  dogs  to  see  or 

smell  solid  food,  or  even  to  hear  some  sound,  such  as  a  special  note,  which 

had  always  been  sounded  as  they  were  about  to  he  fed  and  so  h&A  become 

a.<«ociat«d  wltli  the  idea  of  feeding,  to  start  the  stomach  Kwreting.    Ttiis 

tis  the  appetite  s*;crt:Iion  and  it  begins  after  a  very  definite  latent  period 
of  about  five  minii!.i-,s  if  tho  dog  is  hungry.    There  is  no  appetite  secre- 
tion if  the  dog  is  not  hungry. 
2.    Juice  obtcincd  by  sham  feeding.-    Another  method  of  getting  the 
jmce  is  by  means  of  sham  feeding.   This  provides  large  amounts  of  juice. 

tA  dog  with  an  (lisophagcal  fistula  as  well  as  a  gastric  fistula  is  given  meat 
to  eat  Jle  swallows  it,  but  it  falls  out  of  the  opening  in  the  cEKopliagus 
A  dish  put  under  the  cesuphageal  fistula  receives  the  swallowed  food  and 
the  dog  will  eat  it  over  and  ovi^r  again.    By  this  means  a  constant  stim- 

Iulus  is  provided  to  the  taste  buds  in  the  mouth  and  to  the  giims  and  teeth 
and  the  nerves  of  Mnell.  Under  this  stimulus  the  stomach  secretes  a  con- 
siderable amount  of  juice,  as  may  be  seen  in  the  experiment,  page  344. 
d.  The  stom(Kk  pouch.  By  the  foregoing  method  it  was  possible 
to  obtain  pure  juice  and  to  study  its  secretion  in  the  absence  of  food 
in  the  stomach.    It  was  very  d^irable  to  study  also  the  effect  of  having 

»lood  in  the  stomach  on  the  compoKitiou  and  amount  of  the  juice,  and 
particularly  to  see  whether  the  character  of  tho  juice  rcmainc<l  the  same 
no  matter  what  kind  of  food  was  eaten.     To  do  this  and  j'Ct  get  juice 

I  free  from  food  admixture,  Pawlow  devised  the  small  separated  stomach 
or  stomach  pouch,  which  in  its  processes  completely  mirrors  the  largo 
stomach  which  has  the  food  in  it. 
The  idea  of  catting  out  a  part  of  the  stomach  and  sewing  it  into  a 
pouch  discharging  its  secretion  to  the  exterior  was  not  original  with 
Pawlow.  It  had  been  tried  by  ITcidenhain  and  by  Klemenciewicz.  They 
made  the  mistake,  however,  of  cutting  clear  through  the  walls  of  the 
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Btomach  and  thus  cutting  off  all  the  nerves  to  the  small  pouch.    The 
secretion  they  obtained  was  on  this  account  far  from  normal.    Pawlow 
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1. 

Fio.  41. — Mmnner  of  malting:  *  Pawlow  poucb.  The  IdcIsIod  la  made  alonic  tha  lint 
A — B  (1).  Tbe  complete  poucb  Ib  ahown  In  (2)  ;  Its  cavity,  8,  1b  aeparated  from  ibe  general 
caTlty  of  tbe  atomach,  7,  b;  a  double  layer  of  mucous  membrane  (Pawlow). 

made  the  pouch  in  another  way  so  as  to  leave  the  nerve  supply  intact 
The  method  is  illustrated  in  Figure  41. 

Sham  Fei!:dino  Exi'ebimbnt. 


Time 
12  h.     5' 

Amount  of  Juice  collected 

truiii  Hiiitnach 
3.2  c.c.  Before  feeding. 

15 

3.4 

20 

3.6 

25 

4.0 

30 

3.0 

35 

2.4 

46 

1.8 

Meat  feeding  1m 

60 

65 

10.8 

1  h.  00 

15.4 

06 
10 

17.8 
16.0 

Stopped  foediiig. 

IS 

12.0 

20 

10.8 

25 

8.6 

30 

7^ 

35 

6.2 

40 

e.s 

45 

2.8 

By  this  means  pure  canine  gastric  juice  was  obtained.  It  is  a  clear, 
limpid  liquid,  looking  like  water,  but  having  a  doggy  smell  which  is  dis- 
tasteful to  human  beings.  This  smell  is.  however,  eliminated  by  aerating 
the  juice,  and  such  juice,  acid  and  very  active,  is  now  obtainable  in 
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tnaaia  for  Uicrapeutic  purposes.    The  dogs  kept  (or  this  purpose  are 
rgu  and  hpaltliy.    They  are  ftd  two  hours  a  day  iu  this  sham  fcctling 
and  work  cheerfully  at  producing  gastric  juice.    The  flow  continues 

•  only  durwe  the  eating,  and  grows  less  as  the  sham  feeding  proceeds. 
The  uer\es  of  the  stomach  arc  the  two  \'agi  which  come  down  the 
cBsophagus  and  spread  out,  one  ou  the  poetcrior  and  one  on  the  anterior 
surface  of  the  organ.  They  run  on  ilio  surface  and  then  plunge  into 
Uie  muscular  coat  to  get  to  the  mucosa.  There  are,  also,  sympathetic 
nerves  which  come  in  from  tlie  splanchnic  nerves  from  the  pylorua  end 
of  the  stomach.  To  make  the  small  pouch,  a  V-shaped  cut  Li  made 
completely  tJirough  alt  the  coats  of  the  stomach  iu  the  direction  and 
location  shown  in  the  figure.  The  mucous  membrane  and  Die  muscular 
wall  are  now  sewed  leather  in  such  a  way  that  a  complete  floor  is  made 
for  the  large  stomach,  so  that  food  passes  normally  through  it  and  into 
K  the  pylorus.  The  V-shaped  piece  is  now  sewed  into  a  pouch  and  the 
end  of  it  brought  to  the  surface,  passing  through  the  muscles  of  the 
abdominal  wall,  the  muscle  fibers  being  separated  and  not  divided.  They 
thus  press  the  mouth  together  and  act  as  a  sphincter.  This  little  pouch 
baa  its  vagus  connections  iutact  and  it  is  separated  from  the  large 
stomach  by  a  double  layer  of  mucous  membrane.  If  desired,  a  fistula 
can  also  be  made  into  the  large  stomach.  Various  foods  can  now  be 
allowed  to  enter  the  lar^  stomach,  and  the  amount  and  character  of  the 
juiee  seereted  by  the  smn.ll  stomach  under  these  varying  conditions  can 

I  be  studied.  It  was  found  that  the  secretion  in  the  large  and  small  stom- 
achs began  and  stopped  at  the  same  time,  and  that  the  introduction  of 
a  large  amount  of  food  into  the  large  stomach  caused  the  secretion  of 
a  lai^  amount  of  Juice  in  the  small,  and  that  when  the  amount  of  food 
was  halved,  tlie  amount  of  secretion  in  the  small  stomach  fell  to  one- 
half.  This  established  the  very  imporljint  fact  that  the  amount  of  juice 
H  secreted  is  norwaUy  proportioned  to  the  amount  of  food  to  be  digetttd 
and  that  the  small  stomach  wrs  a  faithful  image  of  the  secretion  in  the 
large  stomach. 
H  Character  of  pure  gastric  juice  of  the  dog. — .The  pure  ga-stric  juice 
obtained  from  dogs  or  human  beings,  when  umnixcd  with  bile,  is  a  per- 
fectly clear,  limpid,  not  viscid,  colorless  juice.  Its  specific  gravity  lies 
I  between  1.002  and  1.0059.  It  is  Icvo-rotator>*.  In  a  decimeter  tube 
the  juice  collected  by  Madame  Si^humova-Simonowski  rotated  — 0.7- 
—0.78'  ;  that  eoUceted  by  Rosemann,  —.109' .168'.  The  freezing  point 
was  — ,490-0.638'.  The  freezing  point  of  the  first  juice  secreted  was 
— 0.643',  and  after  two  hours  — .fi28°.  As  the  freezing  point  of  the  blood 
is  generally  — 0.571',  tlie  juiee  is  generally  hypertonic,  not  hypotonic, 
to  the  blood.  The  secretion  of  the  gastric  juice  raises  the  concentration 
,  of  the  blood  when  the  juiee  is  discharged  to  the  exterior  through  e  fistula. 
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Thas  in  an  experiment  of  liosemann  the  freezing  point  of  the  blood 
before  secretion  was  — 0.589'  and  after  — 0.600°.  The  dry  residue  is 
0.26-0.653  per  cent  The  ash  is  0.133  per  cent.  (0.10^-0.204  per  cent). 
The  organic  matter  varied  from  0.176-0.434.  The  ash  contained  iron, 
calcium  and  phosphoric  acid,  and  the  usual  salts  of  blood  scrum.  The 
organic  substance  gives  both  the  Millon  and  biuret  test,  although  .Mndamc 
SvhQmova-Sinionowski  stated  that  it  did  not  give  the  biuret  test  vheo 
it  was  perfectly  fresh,  but  only  after  standing.  Ammonium  chloride  is 
present  only  in  small  amounts.  There  was  no  lactic  acid.  The  acidity 
computed  as  hydrochloric  acid  was  from  0,46.0.58  per  cent.  The  juice 
contained,  as  a  mean,  0.6137  per  ccut,  of  chlorine.  Of  this  0.5322  per 
cent,  was  present  in  hydrochloric  acid;  0.0t>53  per  cent,  was  in  the  ash 
as  chlorides ;  and  the  remainder  was  0.0162  organically  combined.  Sioc« 
the  per  cent,  of  chlorine  in  dog's  blood  is  0.a95-0.2"5  per  cent.,  the 
gastrie  juice  is  twice  as  concentrated  in  chlorine  as  the  blood.  During 
secretion,  therefore,  on  one  side  of  the  mucous  membrane  the  concen- 
tration of  the  chlorine  is  0.54-0.64  per  cent ;  on  the  other,  0.41  per  c«at 
in  the  plasma ;  and  in  the  membrane  itself  0.09  per  cent. 

The  hydrogen  ion  concentration  of  pure  human  gastric  juice  from  a 
cose  of  fitomar-h  fistula  was  found  by  Dr.  Meutcn  in  the  author's  labo- 
ratory, using  the  gas-chain  method,  to  be  about  equivalent  to  that  of 
N/10  HCl,  or  even  a  little  more  acid  than  this.  In  the  stomach,  how- 
ever, the  juice  is  generally  mixed  with  food  substances  so  that  its  acidity 
ia  lower  than  this.    See  page  368. 

(;oiirusiTiox  or  Gastuc  Jcice. 
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Amount  of  gastric  juice  Mcreted-^The  amount  of  juice  secreted 
is  subject  to  great  variations,  depending  ou  the  amount  of  food  eaten, 
the  state  of  health  and  so  ou.  By  means  of  th(>  Kmall  Ktomach  pouch  just 
described  Pawlow  found  that  the  amount  8e(;r«t«d  by  the  sraaU  stomach 
was  directly  proportional  to  ihe  amount  of  food  eaten.  If  he  doubled 
the  size  of  &  meal,  the  amount  of  jutco  waa  doubted.  This  proportion- 
ality  is  of  course  true  only  within  limits.  It  was  estimated  by  Bidder 
and  Schmidt  that  in  buinnn  beings  2-3  liters  of  gastric  juice  were  secreted 
per  day,  and  this  is  probably  not  far  from  the  truth.  In  an  experiment 
by  Kosemann  the  stomach  of  a  large  dog  u-uighing  24,100  grams  secreted 
during  a  sham  feeding  iu  ilie  first  two  hours  at  the  rate  of  200-300  c.c. 
per  hour;  it  then  fell  to  100  c.c.  per  hour.  It  was  found  by  Pawlow 
that  wheu  food  entered  the  stomach  the  secretion  was  larger  than  wh«n 
there  was  only  u  sliam  feeding.  \Vc  may.  perhaps,  estimate  that  in  this 
dog  at  least  500  c.c.  of  jiiice  would  be  secreted  for  the  digestion  of  each 
meal.  If  a  man's  stomach  secretes  at  tlie  same  rate,  this  would  give 
about  1,500  c.c.  for  the  digestion  of  a  meal. 

In  these  fistula  dogs  the  amount  of  chlorine  and  water  secreted  in 
the  juice  may  form  a  very  considerable  proportion  of  that  contained 
in  the  whole  body.  Tims  in  the  dog  experiment  just  quoted  the  total 
amount  of  jiiite  secreted  in  the  sham  feeding  in  2Vi  hours  amounted  to 
one-half  tlie  total  volume  of  the  blood  iu  the  body.  The  secretion  of  this 
amount  of  liquid  caused  great  thirst.  In  various  researches  Roscmana 
found  the  total  chlorine  secreted  in  3V^  hours  to  be  from  4.4-5.5  grams. 
Iu  a  dog  weighing  26  kilos  there  are  iu  the  blood  about  5.4  grams  of 
chlorine,  so  that  as  much  chlorine  was  secreted  in  the  gasitric  juice  as 
the  total  amount  present  in  the  blood.  Such  a  loss  of  chlorine  would 
almost  certainly  affect  the  activities  of  all  the  cells  of  tJie  body.  The 
total  chlorine  in  the  body  of  a  dog  of  this  weight  was  estimated  as  20.8 
grams,  so  that  appro.ximatcly  one-fourth  of  it  was  eliminated  by  the 
gastric  juice  hi  three  hours. 

The  gaatric  juice  of  human  beings  contains  on  the  average  about  0.3 
per  cent,  of  hydrochloric  acid;  that  of  dofrs  about  0.03  per  cent.  If  a 
liter  or  1,500  c.c.  of  such  juioe  is  seci-eted  in  each  pei-son  for  the  diges- 
tion of  a  meal,  this  would  mean  tlie  secretion  of  from  tliroe  to  five  grams 
of  hydroehloric  acid  each  meal  time.  Since  this  acid  is  poured  out 
before  the  secretion  of  the  alkaline  bile  and  pancreatic  juice,  it  causes 
a  reduction  in  the  acidity  of  the  other  juicca  of  the  body  and  an  increase 
in  their  alkaliuily.  It  produces,  in  other  words,  an  alkaline  tide 
in  the  body.  Thus  the  urine  is  always  reduced  in  its  acidity  during 
the  digestion  of  a  meal  and  may  even  become  alkaline.  It  is  not 
impossible  that  this  oikalino  tide  may  be  part  of  the  cause  of  the  sen- 
sation  of  well-being  which   accompanies  the  eating   of   a   meal.     A 
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aliglit  cbange  of  alkalinity  of  lie  cells  very  materially  affects  their 
activity. 

Variation  of  the  character  of  th«  juice  with  the  diet.— Among  the 
interesLiug  fucts  found  by  Pawlow  and  his  pupils  by  Iho  use  of  the  small 
stoinaeh  was  that  the  character  of  the  juice  varied  with  the  character  of 
the  diet.  The  juice  was  most  powerfully  proteol^'tic  when  the  dog  had 
bread  to  vat  and  weakest  when  fed  milk.  The  flgures  on  page  390  illus- 
trate tlie  variation  of  the  juice.  It  was  also  fouud  that  a  sudden  increase 
in  the  rate  of  secretion  not  only  increased  the  rate  but  also  the  concen- 
IratioQ  of  the  juice,  confirming  a  fact  observed  by  Heidcnhain.  The 
explanation  of  the  difference  in  the  activity  of  the  juice  on  these  different 
dieta  has  not  been  given.  The  juiee  which  is  secreted  at  the  bcginnlDg 
of  an  experiineot  is  usually  more  active  than  that  after  the  secretion  has 
gone  oil  for  a  time,  presumably  owing  to  the  fact  that  during  secretion 
some  of  the  stored  pepsinogen  has  been  exhausted.  Some  of  the  varia- 
tions noted  may  be  due  to  the  fact  that  not  all  the  glands  of  the  stomach 
secrete  at  the  same  time.  It  is  probable  that  the  number  enteriug  into 
actirity  may  vary  with  the  size  of  the  meal;  some  may  be  at  rest  while 
others  are  secreting.  H  now  by  giving  meat  one  arouses  those  which 
have  been  resting,  it  is  possible  that  their  seei-etion  would  be  more  con- 
centrated and  more  active  than  the  secretion  which  has  been  derived 
from  the  glands  which  had  hitherto  been  in  activity  and  which  had  been 
partially  exhausted. 

How  is  the  secretion  of  the  juice  produced  and  controlled?    Gas- 
tric hormones. — There  is  no  doubt  that  the  secretion  of  the  gastric  juice 
is  uuder  the  control  of  nerves,  the  vagi  and  the  splanchnics.    The  stimu- 
lation of  these  nerves  under  proper  conditions  causes  secretion  of  the 
juice.     Secretion  does  not  take  place  in  the  dog  after  section  of  tha, 
nerves.    If  we  ask  the  further  question  of  how  the  nerves  eaiuie  »ecre-J 
tion,  we  ask  a  question  not  yet  answered.    There  semns  to  be  cvidcncej 
that  eiOier  owing  to  the  stimulation  of  the  mucosa  by  the  nerves  or  other 
agencies,  i.e.,  the  food,  there  is  produced  in  the  stomach  cells  a  »ul>stanoe 
which  when  injected  into  the  blood  of  anotlier  animal  or  intrAmuscuIorly 
causes  the  secretion  in  that  animal  of  gastric  juice.    Such  a  substance^ 
as  this  is  called  a  hormone,  meaning  "  I  rouse  to  activity  "  (Gr.  hoTmAn,\ 
1  rouse,  or  set  in  motion).    As  we  shall  see  in  other  eases,  there  is  some 
reason  for  thinking  that  such  substances  are  normally  produced  perhaps 
in  all  cells  under  the  influence  of  nerves  and  it  isi  tlicsc  substances  which 
directly  stimulate  the  cell  to  activity.    The  work  on  flJic  gastric  hormoneaj 
is  yet  incomplete,  but  the  observations  of  ICdkins  that  such  gastric  bor- 
raooee  exist  have  been  confirmed  in  the  author's  laboratory  (Kecton  and 
Koch).    These  hormone  substances  in  the  gastric  gland  are  extract 
Irom  the  mucosa  by  hot  acid  and  are  hence  probably  substances  o£ 
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sic  natnre.  They  are  heat  stable.  The  gastric  hormone  docs  not  cAuse 
secretion  in  the  salivary  glauds,  but  only  in  tlio  stornai^h.  Thi:  quiistion 
ol  the  relation  of  gastrlD  to  secretin,  the  active  secretory  hormone  of 
the  intesline,  is  still  uncertain.  They  appear  to  have  many  properties 
in  common.  Gastrin  injected  subcutanoously  into  dogs  having  Pawlow 
pouches  causes  a  copious  seoretion  of  ^ical  gastric  juice  in  the  pouch 
(Keeton  and  Koch).  (See  also  Emamami,  Tomazewski  and  Ehrmann, 
who  have  studied  gastrin.) 

Digestive  actions  of  gastric  juice. — 1.  Actum  on  proteins.  It  was 
found  by  Spallanzani  thai  gastric  juice  exerted  a  solvent  action  on 
meats.  Pieces  of  meat  immersed  in  the  juice  gradually  dissolve  until 
only  a  few  fragments  of  fibers  remain  undigested.  The  cause  of  this 
solvent  action  was  early  studied.  It  was  at  first  supposed  that  it  was  due 
to  the  hydrochloric  aeid  which  had  been  discovered  in  the  juice  by  Prout 
in  1623,  but  experiment  showed  that  pieces  of  meat  immersed  in  solu- 
tions of  hydrochloric  acid  as  strong  as  that  of  the  gastric  juice  did  not 
dissolve  at  all,  or  at  most  they  dissolved  at  a  rate  so  stow  as  not  to  be 
oomporuljle  to  tho  acl-ion  of  the  juice.  There  must  bo  something  else  in 
the  juice  to  bring  about  this  digestion.  It  was  discovered  by  S<ihwflnn, 
one  of  tho  founders  of  the  cell  theory,  that  if  the  juice  was  boiled  first 
it  lost  its  digestive  action,  although  its  acidity  remained.  The  active 
principle,  tlieroforc,  is  destroyed  by  heat  Since  the  juiee  contains  a 
good  deal  of  organic  matter  and  this  is  coagulated  l>y  heat,  it  wss  sup- 
posed that  the  active  principle  was  organic  in  nature  and  Seliwann  pro- 
posed that  it  be  euiled  pepsin  (Greek,  pcpsis,  digestiou).  Pepsin  is, 
hence,  the  active  i)rinciple  in  the  juice  which  digests  meat,  or,  more  gen- 
erally, proteins,  in  an  acid  medium. 

3.  The  clotting  of  milk, — Another  property  of  the  gastric  juice 
which  was  very  early  discovered  ia  that  it  causes  milk  tn  coagulate,  or 
elot,  so  that  it  becomes  jelly-like.  Since  acid  by  itself  produces  a  simi- 
tar physical  cliange  in  milk,  as  is  shown  in  the  souring  of  milk,  it 
might  be  supposed  tliat  this  powrr  of  the  Ksstric  juice  is  due  to  tho  acid 
it  contains;  but  this  is  not  thi^  ca^se.  Carefully  neutralised  gastric  juice, 
particularly  that  of  young  animals,  will  still  produce  dotting  if  added 
to  neutral  milk.  The  milk  docs  not  change  its  reaction  in  the  process. 
Even  an  aqueous  extract,  nentrol  in  reaction,  of  the  calf's  stomach  will 
clot  milk,  although  the  action  is  faster  in  a  faintly  aeid  medium.  If  tho 
gastric  juice  or  these  extracts  are  boiled,  they  lose  their  power  oC  coagu- 
lation. Like  pepsin,  the  active  principle  is  found  stored  in  tlie  mucous 
membrane.  This  power  of  the  juice  is  accordingly  due  to  an  active  prin- 
ciple or  enzyme,  and  this  enzyme  is  called  rennet,  or  rcnnin,  or  chymosin. 
The  mechanism  of  this  clotting  and  the  question  of  the  identity  or  dif- 
ference of  pepsin  and  rennin  vt-ill  be  discussed  presently.    Since  this 
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power  of  clotting  milk  h  most  pronounced  in  the  Ktomadis  of  very  young 
animals,  it  is  evidently  in  tlie  nature  of  an  adaptation  to  milk  as  an  article 
of  diet,  and  the  advantagea  possibly  aecurod  by  it  are  discussed 
farther  on. 

3.  Action  on  carbohydrates. — Toward  carbohydrates  gastric  juice 
has  a  very  unimjKirtant  action.  Starch  and  dcxtrins  it  docs  not  act 
upon,  but  saccharose  or  cano  sugar,  which  is  the  easiest  of  the  disae- 
charides  to  invert,  is  very  slowly  split  into  Icvutose  and  glurosn  by  the 
hydrogen  iona,  or  the  acid  of  the  stomach.  Tliere  in,  however,  under 
noroial  circumstances  when  no  regurgitation  has  taken  placp  from  the 
intestine,  no  euzymo  in  the  gastric  juice  capable  of  difresting  carbo- 
hydrates.  Lusk  found  tliat  tlic  inversion  of  cane  eugar  was  no  more 
rapid  than  could  be  ascribed  to  the  acid  of  the  juice.  Since  lactose  and 
maltofie  arc  inverted  or  digested  by  acid  much  more  slowly  than  cane 
sugar,  the  action  on  tliese  sugars  is  even  loss  important  than  that  on 
cane  sugar.  All  three  are  digested  by  enzymes  found  in  the  iutestine. 
To  what  extent  cane  sugar  Is  inverted  in  the  stomach  will  depend  on 
the  length  of  time  it  remains  there  after  free  acid  appears.  Thia  time 
ia  normally  so  short  that  probably  little  inversion  occurs.  The  concen- 
tration of  free  hydrogen  ious  at  the  best  is  not  more  than  .08  N.  and  in 
a  mixed  meal  is  less  than  this.    Such  weak  acid  inverts  slowly, 

4.  Action  on  fats. — Gastric  juice  has  quite  marked  powers  of 
digesting  fats  which  are  already  ciuulBiflcd,  such  as  the  fats  of  milk 
and  of  yolk  of  egg,  but  it  has  almost  no  power  on  nou-emulsified  fats  sxieh 
as  those  in  meat  or  butter.  The  power  of  the  juice  to  digest  emulsified 
fats  was  described  long  ago  by  Ogata  and  confirmed  by  many  observers, 
but  it  was  for  some  reason  long  omitted  from  the  text^books.  It  has 
recently  been  confirmed  by  the  work  of  VoUiard  and  his  pupils.  Thus 
the  fat  of  milk  and  yolk  of  eggs  arc  split  or  digested  into  fatty  acid 
and  glycerine  to  about  50-80  per  cent,  in  the  stomach,  whereas  non- 
emulsified  fat  is  split  only  to  the  extent  of  .5-2  per  cent,  in  the  .stomach. 
The  greater  action  on  the  fats  of  milk  and  yolk  of  eggs  is  probably  due 
to  the  fact  Uiat  the  area  of  contact  between  fat  and  water  is  much 
greater  owing  to  their  emulsion.  This  power  of  the  gastric  juice  to  split 
fats  is  still  under  investigation.  There  is  no  doubt  that  the  action  is 
due  to  n  fat-splitting  enzyme  in  tlie  gastric  juice,  or  lipase  as  it  la 
called.  For  some  time  it  was  doubtful  whether  this  lipase  was  secreted 
by  the  Btomacb,  or  whether  it  had  regurgitated  int^  tlie  stomach  from 
the  intestine,  the  juices  in  the  intestine  containing  mu<-h  lipase,  but 
experiment  has  shown  that  lipase  pre-exists  in  the  stoma<!h  mucosa,  and 
also  that  ihe  stomach  lipase  differs  in  the  optimum  acidity  of  its  digestive 
action  from  that  of  the  intestine  (Davidson], 

5.  Antiseptic  action  of  the  juice. — In  practically  all  of  the  yept«- 
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brat«s  the  aecrction  in  the  stomnch  is  gtrongly  acid  with  hydrochloric 
acid.  The  eud  sc(!iin;d  in  having  an  acid  rather  tlian  an  alkalioc  reac- 
tion in  this  reservoir  is  prrsHmftbly  to  check  fermentation.  Hydrochloriu 
avid  kills  all  forms  of  living  thio^  except  spores.  Many  aniTpftlii  swallow 
their  food  alive.  Frogs  eat  each  oUier,  or  snakes  and  other  living  ani- 
mals. The  tissues  of  these  aniraal.1  live  well  enough  in  an  alkaline  or 
neutral  digestive  mwliiiiii,  hut  in  the  strong  acid  of  the  stomach  they 
are  attacked,  killcil  and  diffcsted.  But  probably  of  even  greater  impor- 
tance is  the  additional  protection  secured  against  parasites  of  all  kinds. 
Animals  are  conHtantly  eating  with  their  food  bacteria,  moulds,  protozoa 
or  other  paraaitts  which  arc  killed  by  the  gastric  juice.  Of  the  vast 
numbers  of  bacteria  we  swallow  the  great  majority  are  killed  in  the 
stomach,  and  people  having  a  copious  and  active  gastric  juiee  are  less 
liable  to  infection  by  typhoid  and  cholera  than  thone  with  loss  acid  juice. 
The  digested  strongly  acid  material  called  chyme  a.s  it  escapes  frnm  the 
stomach  is  almost  sterile  and  contains  few  living  bacteria.  Any  reduc- 
tion of  tlic  acidity  is  apt  to  be  followed  by  a  bacterial  or  yeast  fermen- 
tation in  the  stomach  which  may  produce  irritating  organic  acids  and 
gas.  As  long  as  hydrochloric  acid  remains  in  normal  amount  in  the 
stomach,  one  never  finds  more  than  traces  of  lactic,  butyric  or  other 
acids  whieli  are  produced  by  fermentation,  but  in  the  absence  of  hydro, 
chloric  acid  these  generally  appear. 

Action  of  the  juice  on  proteins. — 1.  Pepsin.  Its  origin.  Pepstnodtn. 
We  may  now  proeccd  to  consider  more  in  detail  tlie  nature  and  source 
of  the  active  principles  of  peptic  digestion,  niimoly  thn  pepsin  and  the 
liydro<^hIoric  acid,  and  the  character  and  conditions  of  their  action  on 
proteins. 

Pepsin  is  stored  in  the  mucous  membrane  of  the  stomach.  It  was 
found  by  Schwann  that  if  the  mucous  membrane  of  Oie  pig's  or  dc^'a 
stomach,  which  is  alkaline  or  neutral  in  reaction,  is  extracted  with  dilute 
(0.4  per  cent.)  HCl  or  extracted  by  water  and  llien  the  waT«r  extract 
mixed  witli  acid  to  make  about  0.3  per  cent.,  the  extract  has  digestive 
powers  similar  to  that  of  gastric  juice. 

This  experiment  showed  that  pepsin,  or  a  substance  which  gave  rise 
to  it,  was  stored  in  the  mucosa  of  the  stomach,  but  since  the  aqacous 
extract  of  the  membrane  was  neutral,  it  was  clear  that  the  hydrochloric 
acid  was  not  stored  in  the  mueoea.  The  pepsin  was  probably  made  in 
the  mucosa  between  meals,  but  the  hydrochloric  acid  must  he  made  only 
at  the  moment  of  secretion.  Further  facta  about  this  pepsin  were  dis- 
covered by  Langley.  He  found  that  it  was  extremely  sensitive  to  alia' 
lies.  If,  for  e.\ample,  the  juice  be  iicutraliBcd  by  sodium  hydrate  or 
carbonate  and  then  mode  acid  again,  it  will  be  found  to  have  lost  much 
of  its  activity.    If  it  be  made  plainly  alkaline,  it  is  entirely  inactive 
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when  reacidifled,  although  the  reacidification  is  made  at  once.  The 
pepsin  has  bean  destroyed  or  rendered  inactive  by  the  alkali.  It  is 
necessary,  if  one  wisltes  to  neutralise  the  juice  without  destroying  the 
activity  of  most  of  the  pepsin,  to  add  CaCOa  to  it  and  then  a  very  weak 
alkali,  such  as  sodium  acetate  or  milk  of  lime,  very  cautiously.  Langley 
found  that  if  an  aqaooiu  extract  be  made  of  tlie  mut^osa  of  the  stomach, 
this  extract  might  he  made  slightly  alkaline  for  a  short  time,  but  would 
still  be  active  if  made  acid  again ;  but  if  an  acid  extract  he  made  of 
the  stomach,  this  could  not  be  made  n-ealcly  alkaline  wittiont  perma- 
nently destroying  its  activity.  It  appeared,  then,  that  the  extract  made 
with  water  was  more  resistant  to  Che  action  of  alkali  than  the  extract 
made  with  acid.  Lungley  interpreted  this  to  mean  that  the  pepsin  did 
not  exist  as  such  in  the  mucous  membrane,  but  that  there  was  an  antece- 
dent and  more  stable  substance  from  which  the  active  pepsin  was  formed 
by  the  action  of  acids.  This  more  resistant  antecedent  sutatance  he 
called  "  pepsinogen,"  since  it  formed  pepsin  when  acted  on  by  acids. 
Another  evidenoe  tliat  the  substance  in  the  mucous  membrane  difftets 
from  pepsin  is  the  fact  that  if  carlionic  anhydride  ^as  be  pa.'jRed  through 
a  neutral,  aqueous  extract  of  the  frog's  cesophagiis.  which  contains  pep- 
sini^en,  most  of  the  pepsinoiren  is  destrc^ed,  but  if  the  extract  is  first 
acidified  and  then  neutralized  and  carbonic  anhydride  passed  throng 
it,  it  i&  not  destroyed.  Pepsinogen  is,  then,  more  sensitive  to  carbon 
dioxide  and  less  sensitive  to  alkalies  than  pepsin.  It  has  since  been 
shown  that  the  loss  of  activity  of  the  pepsin  is  not  pprmanont,  as  Lang- 
Icy  thought,  when  the  juice  is  carefully  nentralizc^d  and  tium  made  alka- 
line. The  activity  of  the  pepsin  of  such  juice  may  he  reohtained  if  acid 
is  very  carefully  added  nearly  to  the  neutral  point  and  then  after 
standing  twenty  hours  the  reaction  made  acid.  But  there  is  no  doubt 
of  tlie  difference  in  resistance  of  pepsin  to  CO,  and  aikalics  after  and 
before  it  has  been  treated  with  acid.  If  his  explanation  is  correct,  wc 
may  then  assume  that  pepsin  exists  in  an  inactive  state  in  the  mucosa  as 
pepsinogen  and  is  set  free  by  thfl  acid.  Since  it  is  quite  a  common  thing 
for  the  enzymes  to  be  in  union  in  the  colls  with  some  colloida.1  matter, 
the  anion  being  far  more  stable  than  the  free  enzyme,  it  is  probable  that 
the  explanation  of  Langley  is  the  true  one.  Tlie  bald  statement  is  often 
made  in  the  literature  that  pepsinogen  and  not  pepsin  exists  in  the 
mucosa,  but  it  is  well  to  rcracmbcr  that  this  is  as  yet  an  inference  and, 
while  quite  probable,  should  not  be  sfatcd  as  a  fact 

The  fact  that  pepsinogpn  is  so  very  sensitive  to  carbonic  acid  gas, 
whereas  pepsin  is  not  at  all  sensitive  to  it,  is  very  interesting  and  may 
throw  light  on  tiie  nature  of  the  change  which  occurs  when  pepsinogen 
is  converted  into  pepsin.  The  reaction  may  be  the  carbamino  reaction 
of  Siegfried  (eoe  page  121).    If  it  is  the  carbamino  reaction,  then  the 


J 


change  prodoced  by  acid  in  pepsint^en  Tij?  whicli  it  is  converted  into 
pepsin  might  be  similar  to  the  converaion  oE  creatine  to  creatinine  by 
the  action  of  acids.    The  pepsinogeu  might  be  represented  thus: 

K  »— CHNH^  R— CHNH 

^^^^^  CH^— coon  CQ^—b = o 

H  No  importance  is  to  be  attached  to  the  relative  positions  of  llio  c-arboxyl 

■   and  amino  groups  in  the  above  formula,  but  only  that  nnder  the  action 

of  the  acid  an  anhydride  may  be  formed  like  creatinine.    The  carbonic 

acid  in  the  presence  of  a  calcium  sjilt  would  combine  as  follows  with  the 

pepsinogen,  but  not  with  the  pepsin : ' 

hR— CHKH— CO— C* 
K  CH^     — CO— i 

^P  Csrbamino  pepsinogen. 

2.  What  cells  of  the  mucous  membrane  form  the  pepsinf  The  ques- 
tion which  followed  immediately  on  the  di.scovery  of  the  fact  that  pepsin 
or  its  antecedent,  pepsinogen,  existt^d  in  the  mucous  membrane  in  note- 
worthy quantities  was  that  of  the  location  of  this  substance.  A  histo- 
lo^cal  examination  of  the  mucosa  of  the  stomach  showed  it  to  contain 
a  large  number  of  simple  tubular  glands.  There  are  in  these 
glands  in  the  fundus  end  of  the  stomach  in  mammals  three  kinds  of  cells: 
namely,  mncous  cells  near  the  neck  of  the  gland,  chief  or  adelomorphic 
cells,  and  parietal  or  delomorpliic  cells.  The  latter  are  also  called  oxyntie 
cells.  Oxyntie  means  acid,  and  adelomorphic  me-ans  "  of  uncertain 
shape  "  (Or.  adehs,  uncertain;  morphe,  shape).  In  the  pyloric  end  of 
the  stomach  the  glands  have  no  parietal  cells  and  they  dlfTcr  in  some 
other  particulai-s  from  those  of  the  fundus  end.  The  mucous  cells  secrete 
mucin;  both  the  parietal  and  chief  cells  contain  grannies  presumably  of 
a  protein  nature,  but  the  granules  arc  larger  in  the  chief  cells  than  in 
the  parietnl,  and  these  two  kinds  of  cclla  differ  in  their  affinities  for 
certain  dyes.  The  granules  are  more  abundant  at  certain  times  than  at 
others  and  it  is  believed,  though  it  ha.s  not  licen  demonstratively  proved, 
from  analog}'  with  other  glands  which  can  be  obserAed  in  the  living  stale, 
that  these  granules,  elaborated  by  the  cell,  arc  secreted  or  dissolved  and 
pass  out  from  the  cell  when  the  latter  secretes.  They  are  probably  pro- 
tein in  nature,  judging  from  their  solubilities  and  relation  to  reagents, 

'Tha  reaction  would  probabi)*  occur  in  tli«  aliNrnco  tit  calcium,  giving  simply 
Ibe  tm  carltamic  acid  cotn|Mun<I.  If  •nunoRia  is  present  *  urftmldo  compiauniil  might 
b«  formed. 
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H  — CH— NH— COOH 


R— CH— NH— TO— NH. 
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and  it  is  oatural  to  suppose  th&t  they  constitute  s  portion  at  least  o!  the 
organic  matter  found  in  tho  g&stric  juice.  M&ny  have  gone  farther 
than  this  and  called  them  plainly  zymogen  granules  and  assumed  that 
they  represent  so  much  pepsinogen.  They  are  in  fact  ordinarily  called 
ferment  ^anules,  but  it  muGt  be  remembered  that  this  is  an  inference, 
and  whether  the  pepsin  is  represented  by  the  grjmule.s  or  by  some  sub- 
stances in  solution  in  the  protoplasm  it  is  quite  impossible  to  say  at  the 
present  lime,  although  it  is  possible  that  some  of  the  granules  may  con> 
tain,  or  be,  pepsin  or  popanogcn  itself.  There  is  no  question  from  the 
work  of  Harvey  and  Benaley  that  the  secretion  of  the  parietal  cells 
is  alkaline  and  protein  in  cliaracter.  These  observers  discovered  an 
intravital  stain,  eyanamine,  w-liich  is  blue  when  acid  and  red  when 
alkaline  and  which  is  taken  up  with  avidity  by  the  secretion  in  the 
fine  canaliculi  of  tlie  parietal  cells.  The  duct  contents  stain  a  clear 
red  by  this  stain  and  the  blue  is  found  only  close  to  the  neck  of 
the  idand  in  the  lumen  and  in  the  cells  of  the  neck  and  the  cells  of 
the  foveolfe.  The  secretion  of  the  chief  cells  is  also  of  an  alkaline 
nature. 

It  has  been  found  that  pepsin  is  secreted  in  frogs  by  eoinc  of  the  cells 
iu  the  lower  part  of  tlic  resophagOB,  and  the  opinion  is  widely  held, 
although  it  ejinnot  be  said  that  the  evidence  is  satisfectory,  that  pepsin 
is  secreted  mainly  by  the  chief  cells.  Until  there  Is  some  raicrochemirul 
test  which  will  enable  a  detection  of  pepsin,  it  is  impossible  to  say  which 
kind  of  cell  secretes  pepsin.  It  is  of  course  little  likely,  but  Jt  is  by  nc 
means  excladed  by  experiment  that  some  might  be  secreted  in  the  mucous 
cells. 

3.  The  nature  of  pepsin.  Curiosity  as  to  tjie  nature  of  the  digestive 
principle,  pepsin,  is  of  course  very  kepn  antl  many  altempta  have  been 
made  to  discover  something  of  its  chemical  composition.  It  was  early 
found  that  a  small  amount  of  this  substance  was  able  to  digest  a  very 
large  amount  of  meat,  an  amount  enormously  greater  than  ita  own 
weight.  This  at  once  classified  it  with  the  enzymes  or  ratalj-tic  sub- 
stances, lor  this  is  their  main  characteristic.  But  while  the  amnnnt  is 
large  it  ib  not  unlimited.  If  a  large  piece  of  meat  is  put  into  gastric  juice, 
tbc  digestion  will  stop  long  before  the  digCRtion  is  complete,  and  it 
proowds  if  more  pepsin  is  added.  Moreover,  pepsin  is  itself  unstable, 
and  gastric  juice  even  when  kept  in  tlie  dark  and  in  the  ice  box  slowly 
loses  ita  activity. 

Pepain  is  colloidal  in  nature,  or  if  not  colloidal  it.<iclf  it  ia  attached 
to  colloids.  If  gastric  juice  is  placed  in  parchment  paper  tubes  and 
dialysed,  the  pejfsin  stays  in  the  lube  while  acids  and  salts  go  out;  more- 
over, it  will  be  found  that  when  dialywd  in  this  way  against  water,  or 
very  weak  acid,  a  precipitate  appears  in  the  tube  and  this  precipitate 
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contains  most  of  the  pepsin.     UBder  the  ultra  microscope,  ttlbo.  pepsin 
solutions  are  seen  to  contain  actively-moving,  colloidal  particles. 

Unlorttinately  very  few  of  the  invcstieators  who  Iibvi;  attempted  to 
se]>arate  puijmn  from  the  juice  have  made  any  quantitative  dotcnnina- 
tions  of  the  activity  of  the  substances  tlit^y  have  ohlaiuetl,  but  have  eon- 
tented  themselves  with  the  statement  that  the  powder  was  very  active, 
or  digested  a  piece  of  fibrin  in  a  c«rtaiii  length  of  time.  In  tlje  ahscnoe 
of  deciaivc,  carefully  carried-out  mcasurcinenia  of  the  activity  of  the 
powders  called  pepsin,  it  is  impossible  to  know  whether  t-he  powders 
described  as  pepsin  containeil  much  or  Httlc  of  the  active  priiiciplc. 

Briieke  made  in  the  phofipborlc  acid  extract  of  tlic  omcosa  on  insoluble 
precipitate  of  CaJPO^),.  This  carried  down  some  pepsin  with  it.  This 
was  diatotved  in  hydrochloric  acid  and  then  an  etlior-alcoholic  sohition 
of  cholesterol  was  poured  into  the  solution.  The  eholoaterol  was  pre- 
cipitated and  again  carried  down  some  of  the  pepsin.  The  cholesterol 
was  removed  from  the  precipitate  with  ether.  leaving  the  pepsin  behind. 
The  small  amount  of  powder  thus  obtained  was  of  unknown  activity. 
It  gave  no  xantbroproleic  reaction,  nor  was  it  precipitated  by  tannic 
acid  or  potassium  ferroeyanide  and  acetic  acid. 

Sundberg,  in  1885,  extracted  the  mucosa  with  saturated  sodinm- 
cUoridc  solution  which  prevented  the  solution  of  ranch  protein.  The 
solution  was  very  powerfiil,  hut  contained  only  a  trace  of  protein.  This 
solution  he  precipitated  with  CajtPO,),.  redissolved  in  HCl  and  dra- 
lyzed.  He  states  that  the  solution  was  more  active  than  hefore.  but  (favo 
no  reactions  for  protein.  It  contained  ash  and  nitrogen.  Pckclhnrinif 
in  18%  and  1897  made  an  HCl  extract  of  the  mucosa  and  dialyzcd  it. 
A  precipitate  formed  in  the  tube.  This  was  many  time^  rediaaolved  in 
acid  and  precipitated  by  dialysis-  He  finally  obtained  a  precipitate 
whidi  had  a  powerful  digestive  action.  It  wjl>c  a  yellow  powder  giving 
the  albumin  reactions  and  containing  abovit  1  per  cent  PtO„  some  of 
which  was  soluble  in  alcohol.  It  contained  a  nudcoprotein.  1/100  mg. 
of  this  powder  dissolved  in  .2  per  cent.  HCl  wa.s  able  to  digest  a  piece 
of  fibrin  in  one  hour  and  a  piece  of  coagulated  egR  albumin  2  mm.  thick 
and  1  cia.  long  in  a  few  hours.  The  substance  gave  no  xanthoproteic 
reaction,  but  was  certainly  a  protein  and  he  thought  probably  a  nueleo- 
protcin. 

Ncncki  and  Sieber  etnmined  the  natural  pepsin  precipitated  from 
natural  gastric  juice  of  dogs  on  standing  in  the  cold.  This  pepsin  con- 
tained CI,  .475  per  cent. ;  P,  .104  per  cent.;  Fe,  .16  per  cent,  in  the  dry 
pepsin.  After  washing  with  alcohol  the  ash  waa  .399  per  cent, ;  Fe, 
0.115  per  cent. ;  P,  0.059  per  cent. ;  CI.  .188  per  cent  of  dry  pepsin.  The 
elementary  analysis  was  C,  51.26  per  cent;  H,  6.74  per  cent;  N,  14.33 
per  cent;  S,  1.5  per  cent.    These  are  the  figures  of  a  protein.    It  lost 


us 


FHYSIOLOGICAIi  CHEMISTRY 


power  en  washing  in  alcohol.  Lecitliin  made  about  10  per  cent,  of  t&e 
pepsin.  They  conpluded  that  the  molecule  was  vcrj*  complex  and  labile 
and  that  it  ewitained  protein,  lecithin,  chlorine,  iron,  phosphorus  and 
a  pentose.  Thpse  eonrlusioiis  are,  however,  quite  incorrect  for  the  active 
principle.  Pekelharing  subsequent!)'  obtained  a  pepsin  which  was  active, 
bat  which  was  free  from  phosphorus  and  contained,  hence,  neither 
nucleic  acid  nor  lecithin,  but  Blill  contained  protein. 

It  will  be  clear  from  tliis  r^umC  that  practicully  nothing  ih  known 
of  the  nature  of  the  active  principle  and  that  the  subject  is  ba^lly  in  need 
of  investigation.  It  seems,  on  the  whole,  probable  from  all  its  reactions 
that  the  pepsin  is  either  a  protein  itself  or  united  with  a  protein.  The 
fact  that  it  is  so  easily  extracted  with  aeid  and  that  it  is  so  unstable  in 
alkaline  media  indicates  that  it  is  of  a  basic  nature  and  hence  probably 
contains  nitrogen.  Pepsin  is  destroyed  in  a  moist  state  when  heated  to 
57-58°,  which  is  the  temperature  at  wliieh  the  proteins  present  coagulate 
(Langley). 

4.  Different  pepsins  exist.  Just  as  each  animal  has  its  own  specific 
proteins  which  resemble  those  of  others  but  which  are  nevertheless  dif- 
fci-ent  from  them,  so  there  appear  to  bo  different  popsina.  By  pcp«in, 
as  a  group  name,  is  meant  a  proteolytic  enzyme  which  sets  in  an  acid, 
but  not  in  a  neutral  or  alkaline  medium.  That  there  is  more  than  one 
kind  of  pepsin  is  indicated  by  the  fact  that  the  optimum  concentration 
of  acid  is  not  always  the  same.  For  example,  that  of  the  dog  has  an 
optimum  with  a  hydrogen  ion  concentration  of  .05  N,  while  human  pep- 
sin has  its  optimum  at  a  lower  concentration,  namely  .03  N.  They  differ 
also  in  their  rcsistaoce  to  heat.  The  pepsin  of  cold-blooded  animals 
works  as  well  at  10*  as  at  40*  C,  whereas  that  of  warm-blooded  animals 
works  far  better  at  the  latter  temperature.  They  show  differences,  also, 
in  their  speed  of  digestion  of  different  proteins.  Thus  the  pepsin  of  the 
calf's  stomach  digests  casein  at  a  rapid  rale,  but  coagulated  egg  albumin 
very  much  more  slowly.  The  pepsin  of  the  pig's  stomach  digests  both 
proteins  rapidly. 

5.  Pepsin  in  embryonic  d«vehpment.  Pepsin  is  present  in  the  gas- 
tric mucosa  of  new-born  eats  and  dogs,  but  this  pepsin  only  beginst  to  attack 
coagulated  egg  albumin  toward  the  end  of  the  third  week  of  life.  It 
appears  at  an  earlier  time  in  the  rabbit.  Id  children  pepsin  is  already 
present  at  birth,  and  casein  is  changed  by  it  to  proteose.  Whclhcr  this 
pepsin  is  identical  with  that  of  adults  is  not  yet  certain.  Casein  is 
digested  with  greater  eaec  than  many  other  proteins.  Extract  of  tho 
cow's  stomarh  has  digi^stivc  power  in  an  acid  solution  from  the  third 
fetal  month.  The  stomachs  of  children  have  less  acid  in  the  juice  they 
secrete  than  is  fonnd  in  adults  and  the  pepsin  in  their  stomachs  works 
in  more  weakly  acid  media  than  in  adults.    Pepsin  may,  in  fact,  be 
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regarded  as  an  euzytno  vMch  appears  rather  late  in  the  coarse  of  6vo- 

lutioD  and  also  lat«  in  the  course  of  embryonic  development,  and  it  ia 

preceded  by  other  enzymes  of  the  nature  of  erepsin  which  arc  active 

ID  a  weaker  acid.    No  invertebrate  ha^i  a  true  pepsin  active  in  strongly 

acid  media  and  inactive  in  neutral  or  alkaline.    Tlie  proteolytic  en^mes 

of  invertebrates  ore  usuaUy  of  the  tryptic,  ereptic  or  autolytac  class. 

^-Soue,  however,  are  said  to  be  active  in  weakly  acid  media. 

B      6.    Conditions  of  activity  of  pepain.    The  most  important  of  these 

V  conditions  is  the  acidity  of  the  mixtore.    The  most  favorable  concen- 

'  tration  of  acid  is  chat  which  is  generally  found  in  the  stomach  of  tlie 

animal  of  which  the  pepsin  is  being  examined.    For  human  beings  it 

is  an  acidity  of  about  0.3  per  cent,  hydrochloric  acid,  or  an  hydrogen 

I  ion  concentration  of  about  OJdS  N.  In  dogs  tlie  concentration  of  both 
fre«  acid  and  of  hydrogen  ions  is  greater  and  the  optimum  is  higher: 
namely,  at  about  0.36  per  cent,  hydrocbioric  acid,  or  about  0.05  N 
hydrogen  ions.  Other  acids  ore  able  to  replace  the  hydrochloric  acid, 
but  none  are  better,  ond  probably  none  quite  so  good  as  the  hydrochlorio 

■  acid  which  is  normally  present.  The  action  of  the  acid  involves  not 
only  the  hydrogen  ion,  but  also  the  onion,  siuee  when  various  acids  are 
token  with  the  same  hydrogen  ion  concentration  it  is  not  found  that 
all  the  acids  aid  tlie  pepsin  ut|ually  well.  The  sulphate  ion  appears  to  be 
particularly  dcterrcnl.  Perhaps  it  acts  on  Uie  protein  to  prevent  its 
ready  solution.  It  appears  tiiat  pepsin  unites  with  protein  which  is 
being  digested  and  advantage  may  be  taken  of  this  fact  to  separate  pepsin 
^from  a  solution.  If  fibrin  or  clastin  is  iiomcrscd  in  a  slightly  acid  solu- 
Htioii  containing  pepsin,  the  pepsin  will  stick  to  the  protein  and  when 
tlie  fibrin  or  elastin  is  taken  out  of  the  solution  pepsin  goes  with  it.  If,. 
then,  the  elastin  is  ttiorouglUy  washed  with  water  to  get  rid  of  alt 
adherent  substances  and  tlicu  brought  into  hydrochloric  acid  of  the  right 
concentration,  the  pepsin  atlacks  and  digests  the  protein.  The  course 
of  the  digestion  may  be  followed  very  easily  by  the  polariscope,  since 
the  products  of  proteolytic  digestion  are  optically  active  and  it  is  only 
necessary  to  filter  off  some  of  the  solution  from  time  to  time  and  exam- 
ine the  progressive  ehaugc  in  the  rotatory  power  of  the  solution.  The 
rate  of  solution  may  be  followed,  also,  hy  means  of  the  ninhydrin,  or 
other  delicate  reaction  for  the  presence  of  aniino-acicls  or  other  poly- 

Ipeptids  in  the  solution.  Fi-ee  acid  is  not  necessary  for  the  oction  of 
the  pepsin.  If  a  protein  is  Grst  soaked  Id  acid  so  that  it  combines  with 
the  acid  and  is  then  brought  into  a  neutral  solution  of  pepsin,  it  will 
he  found  that  pepsin  will  digest  tbe  protein,  although  the  reaction  of 
the  solution  when  tiisted  with  oongo  red  shows  no  free  aeid  present.  In 
fact,  it  is  probably  not  tbe  concentration  of  tlie  hydrogen  ions  which 
5s  important  in  the  digestion,  but  the  combined  acid.    It  is  the  acid 
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frhich  is  coml>ined  with  the  protein  and  pepsin  which  enables  the  pepsin 
to  act.  Neither  pepsin  nor  hydrochloric  acid  will  digest  ropidly  csecpt 
in  the  presence  of  Llie  other. 

The  optimum  II  ioo  concentration  is  difflcult  to  determine.  It  lies 
between  1.7x10  '  N  and  3X10-'.  When  the  concentration  of  H  ions 
falU  to  10"'  N,  Michaelis  states  that  the  digestion  is  already  bad,  aud  at 
NXlO"*  it  almost  ceases.  It  is  probable  that  the  optimum  will  b«  found 
to  differ  with  different  pepsins,  since  iu  a  baby  'b  stomach  the  digestion 
goes  on  with  a  much  weaker  acidity  than  this. 

T.  Law  of  peptic  activity.  The  question  may  now  be  asked  what 
relation,  if  any,  exists  between  the  amount  of  pepsin,  the  amount  of 
digestive  products  and  the  time  of  the  digestion.  What  is  the  relation 
between  the  rate  of  digestion  aud  the  quantity  of  pepsin  1  If  the  quan- 
tity of  pepsin  in  unit  volume  be  doubled,  will  Uie  rate  of  digestion  be 
doubled,  or  will  it  increase  more  or  less  than  thist  One  reason  for 
finding  out  any  such  proportion  between  rate  and  amount  of  pepsin  is 
that  it  may  enable  us  to  compute  the  amount  o£  pt'psin  present,  or  the 
relative  amount  compared  with  some  standard,  by  mcaEuriug  the  rate 
of  digestion.  By  the  rate  of  digestion  is  meant  the  amount  of  protein 
digMted  divided  by  the  time  in  minutes  or  hours  during  which  tho 
digestion  has  proceeded.  This  gives  the  average  rate  of  digestion  per 
minute  or  hour  during  the  period  of  observation. 

It  happens  that  we  can  only  measure  difTereuccs  in  the  amount  of 
digestion  after  uii  hour  or  more  tnter\'aK  Tlie  rate  may  not  remain 
constant  during  this  time.  It  is,  therefore,  much  more  eonvenient  to 
take  a  very  short  interval  of  time,  an  interval  so  short  that  the  rate 
does  remain  practically  constant  throughout  it.  This  time  which  is 
relatively  very  minute  we  represent  ordinarily  by  the  symbol  di.  Dur- 
ing this  interval  of  time  the  amount  digested,  let  ns  say  of  coagulated 
albumin,  is  a  very  small  amount  and  it  is  represented  by  the  symbol  dr. 
The  rate  of  digestion  for  tliis  small  time  interval  is,  then,  the  quantity 
digcnteil  divided  by  the  time,  or  dx/dt.  We  can  make  various  guesses 
conwrniug  the  relation  of  this  velocity  of  digestion,  dx/d(,  to  the  cwi- 
centration  of  the  engyme.  The  simplest  gin^ss  is  tliat  the  rate  is  propor- 
tional to  the  amount  of  the  ferment  present,  or  that  djc/rf(=rKCrC,. 
Where  K  is  a  constant  of  proportion  to  be  determined  hy  experiment, 
and  C  and  C,  are  respectively  the  concentration  of  the  fcrme.nt  in  unit 
volume  and  the  concentration  of  the  protein  or  substrate.  If  0,  remains 
constant^  the  velocity  sliould  be  constant  also,  provided  of  course  that 
Cj  does  not  change.  If,  however,  C.  is  changing,  that  is  if  there  is  less 
and  less  protein  left  undigested,  then  the  velocity  should  of  course  stead- 
ily diminish  as  C  diminishes.  Let  us  snpposp,  for  oxamplw.  tlmt  this 
ifl  the  ease.    If  a  is  the  coneentration  of  the  protein  at  the  start  and  x 


J 


DlOesnON   IN  TUB   8TOUACH 


I 


IS  tli«  amoont  dig^-sted  durJDg  the  Interval  t,  then  a — x  is  the  concentra- 
tion at  the  time  t.  llie  equation  bocomee  tlien  ii^/dl:=}LC,  {*— sj.  By 
intfigrating  this  expression  wo  sum  up  all  the  amounts  digested  in  the 
succetisi^'e  inter\'al8  which  have  elapsed  since  the  beginning  of  the  diges- 
tion and  that  enables  us  to  compai-o  the  actual  digestion  as  measured 
witb  that  computed  Id  this  way,  lule^atiug,  or  liiimtning  the  expression, 
we  have,  log  (a/(a— i))=KC,t.  If  on  Uie  other  liand  C,  remains  con- 
st&at,  vre  should  bare  s,  the  amount  digested,  =KC,  L  That  is,  the 
autount  digested  should  be  proportional  to  the  time  t. 

One  o£  the  most  useful  methods  of  measuring  the  rate  of  digestion 
is  that  of  Melt's  tubes,  which  has  already  been  described  (p.  'Sil],  The 
length  of  the  column  of  coagulated  egg  albumin  digested  away  from 
the  end  of  the  tube  is  carefully  measured.  This  method  is  certuinly  far 
from  ideal.  The  cross-section  uf  the  protein  exposed  to  be  acted  upon  by 
the  pepsin  remains  approximately  constant  in  this  method,  so  that  tlm 
substrate  is  constant  j  but  the  couceutraticu  of  the  ferment  docs  not 
remain  constant.  The  fragments  of  protein  which  go  into  solution  are 
not  fully  digested.  They  combine  with  and  neutralize  in  this  manner 
some  of  the  pepsin,  so  that  the  concentration  of  the  pepsin  immediately 
at  the  end  of  the  cylinder  of  protein  is  reduced.  They  also  combine  with 
the  add  and  reduce  the  concentration  of  the  acid  at  this  point,  and  in 
botli  tliese  wa)-B  check  the  rate  to  a  maximum.  NcrerUieliwi.  by  tlii-s 
method  a  certain  relation  has  been  found  to  exist  between  rule  and 
omoimt  of  ferment :  namely,  the  amount  of  coagulated  protein  digested 
is  proportional  to  the  square  root  of  the  amount  of  enzyme,  z=tK  V'Cr- 
This  is  known  as  the  law  of  Schiits  and  Borrissow.  The  time  ia  taken 
always  as  24  hours.  It  expresses  only  a  relation  within  very  narrow 
and  special  conditions,  but  it  is  a  useful  method  none  tiic  less.  This 
relation  between  rate  of  digestion  and  enzyme  concentration  is  not  fol- 
lowed if  the  conditions  are  changed.  For  example,  Gross  has  measured 
the  amount  of  pepsin  by  the  rate  of  coEversion  of  casein  iuto  caseosea 
which  arc  not  precipitated  by  acids.  In  this  method  the  casein  and  the 
enzyme  are  both  in  solution,  but  the  casein  is  changing  its  quantity  rap- 
idly. Be  measured  tlic  time  it  took  various  concentrations  of  pepsin 
U>  convert  all  the  casein  into  caseoses  and  he  found  that  if  be  doubled 
the  amount  of  pepsin  he  halved  the  time.  This  corresponds  to  our  first 
equation  log  (a/(a — x))=KC,L  For  in  this  ease  the  concentration  of 
the  casein  at  the  start,  a,  and  the  concentration  at  the  time  t,  or  (a — x), 
are  always  taken  tlie  same  and  are  constant,  so  that  we  have  simply  log 
(a/(a — x))=;Constant=KC,t.  That  is,  the  concentration  of  the  fer- 
ment mulliplied  by  the  tunc  is  a  constant.  If,  therefore,  the  ferment  is 
doubled,  the  time  will  be  halved.  A  very  similar  law  has  been  found 
to  bold   also  for  the  liquefaction  of  gelatin   by  various  proteolytic 
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enzymes  of  bacterial  aud  olber  origins  by  Jordan.  The  time  required  Tof 
liquefaction  ia  iuvcnicly  proportional  to  tlie  concentratiou  of  tlie  enzyme 
present. 

Among  other  simple  but  not  very  accnrate  methods  devised  for  the ' 
study  of  the  rate  of  digestion  are  various  coloriuielriti  methods.  These 
generally  involve  the  setting  free  of  some  dj'e  from  fibrin  by  digestion. 
Carmine  and  aoid  fuchsin  are  sometimes  used.  The  amount  of  digestion 
is  estimated  by  the  color  of  the  solution.  Fibrin  may  be  brought  into 
a  slightly  acid  (acetic  acid)  mlution  of  acid  fuchgin  in  which  it  stains 
uu  intense  red.  The  color  is  fixed  tuore  firmly  by  heating  to  80"  C.  A 
small  piece  of  colored  fibrin  is  placed  in  5-10  c.c.  of  the  juice  to  be 
examined  and  the  rate  of  digestion  is  determined  by  tlio  deepening  of  i 
the  color  of  the  solution.  For  two  reasons  tliis  method  in  not  accurals. ' 
In  the  first  place,  it  is  impossible  to  get  two  pieces  of  fibrin  o£  exactly 
the  same  surface  of  contact  between  it  aud  Uie  enzyme  solution.  And, 
in  the  second  place,  the  combining  power  of  the  fibrin  for  congo  red 
or  any  olber  color  increases  as  digestion  proceeds  and  more  molecules 
are  set  free.  Ooe  has  thus  a  varying  relation  between  the  amount  of 
color  and  the  amount  of  fibrin  in  the  solutiou. 

8.  Products  of  the  peptic  digcstioit  of  proteins.  The  action  of  Uie 
gastric  joice  is  to  dissolve  tlie  proteins  partially  or  wholly.  To  bring 
this  to  pass  a  chemical  change  is  produced  in  the  protein.  If  fibrin  is 
dissolved  in  gastric  juice,  the  tmbstanee  in  uoluliou  is  no  longer  fibrin. 
It  liaB  been  changed  to  a  luixtura  of  derived  proteins  called  meta-protein 
and  proteoses  by  the  action  of  the  juice.  Whether  amtno-acids  and  di- 
aud  tri-pexuidesare  produced  at  tlic  same  time  or  not  has  becu  the  subject 
of  much  controversy,  owing  in  part  to  the  fact  that  the  digcsfcieu  has  at 
limes  been  carried  out  with  pure  juice  and  at  times  by  extracts  of  the 
mueoua  membrane.  In  these  extracts  there  are  present  sometimes  other 
enzymes  than  pepsin.  The  digestion  of  a  protein  by  pepsin  hydrochloric 
acid  is  in  its  main  features  as  follows:  If  a  mass  of  fibrin  is  dissolved 
in  gastric  juiee,  there  remains  a  small  undissolved  residue  which  is  sop- 
poeed  to  represent  nuclein  of  white  blood  cells  entangled  iu  the  fibrin, 
or  a  lecitlio-protein  (Woi>ldridge).  From  this  it  appears  that  gastric 
juice  will  not  dissolve  nuclein  or  some  lecithoproteins.  If  the  clear 
filtrate  from  any  such  undisisolvcd  digestion  residue  is  Deutralised  care- 
fully with  NuOH  or  NaHCO,.  tliore  is  generally  precipitated  at  or  near 
the  neutral  point,  if  the  digestion  Jiaa  not  lasted  long,  a  more  or  la 
copious  floceulent  precipitate  which  will  redissolve  if  more  alkali  is< 
added.  This  substance  (1)  is  a  meta-protein  known  as  tyjitonin  or  acid 
albumin.  The  greater  part  of  the  digested  fibrin  remains  in  solution 
even  at  tlie  neutral  point.    The  solution  gives  a  violet-red  biuret  test 

If  the  solution  freed  from  the  syntontn  is  half  saturated  with; 
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lomutn  sulphate,  a  wliit«,  flocculont  or  sticky  prwipiUita  separfttos 
out,  wbich  often  clings  to  a  glass  rod  or  sticks  to  the  side  of  the  beaker. 
This  substance  (2)  is  known  as  primary,  or  proto-proteote  or  protal- 
bumose.  If  more  ammoDium  sulphate  is  B<l(le<],  auothor  prwipilate 
begins  to  form  and  at;  complete  saturatiou  of  the  warm  solution  tlions 
separates  a  second  substance,  or  rather  a  mixtunt  of  substances  (S) 
which  are  known  m  deutero,  or  secondary  proteoses  or  albumoscs.  Thrsi.- 
two  fractions,  2  and  3,  make  by  far  tlie  greater  part  of  the  wtight  of  the 
original  fibrin,  and  the  process  of  digestion  evidently  consists  m  eon' 
verting  the  protein  into  acid  albumin,  proto-  and  deulero-alhumose.  It 
will  be  found  by  the  exauiinatiou  of  llie  digestiKl  mixture  from  which 
the  albumosea  ha%'e  been  separated  by  ammonium  sulphate  that  it  still 
gives  a  good  biuret  teat.  The  aeparaliou  of  tht-sc  biurot-giyinir,  pro- 
teolytic produclK  whieb  art;  soluble  in  saturable!  iimtnouium  milphnte  ia 
a  matter  of  some  difOeulty.  They  arc  all  called  peptones  (4).  Whether 
gome  aaiino-acjds  or  di-  and  tri-peptides  arc  produced,  or  not,  is  still  a 
matter  of  dispute,  but  probably  they  arc  not  set  free  by  the  pepsin,  even 
though  thoy  may  appear  in  the  digestive  mixtures.  It  is,  perhaps,  more 
probable  that  they  aru  the  result  of  the  aetiou  of  the  ereptic  protease, 
sometimes  and  pvrhapK  always  preaetit.  Tlivrv  is  a  general  agreement, 
therefore,  thai  by  peptic  dlgOHtion  add  albumin,  protcosts  and  pcptom-a 
ore  formed. 

We  sliould  not  leave  this  part  of  tlie  subject,  however,  without  a 
referonce  to  the  rery  caj*efal  work  of  Zuntz  on  the  extent  of  peptic 
decomposition  of  proteins,  since  his  roRultK  raise  many  questions  of  ioter- 
pretalinu  of  which  the  kuIuUou  may  be  of  great  value.  Zuntz  found  that 
protein  iragmeuts  of  small  aixo,  precipitateil  by  phosphotungstic  aeid 
and  not  giving  tlie  biuret  lewt,  were  formetl  very  early  in  the  course  of 
digrstion. 

a.  The  proteoses  or  albumoscs.  The  proteonns  or  albnmoscB  arc  a 
group  of  derived  proteins.  Then;  are  three  divisions  of  the  group: 
namely,  Ibe  primary  proteoses,  including  the  prolo- proteoses  and  hetcro- 
proteoses,  and  the  secondary,  or  deutero-proteoses.  The  primary  pro- 
teoaea  are  precipitated  by  half  Katuratiim  of  tht^ir  Holuliona  by  ammonium 
sulphate.  Proto-proteose  is  solnhl^  both  in  hot  and  cold  water  and  dilute 
salt  itolution.  The  hetero-proteoscs,  while  not  coagulated  by  heat,  undergo 
a  pn:r.ipitation  whnn  heated,  but  the  precipitate  rediasolvca  readily  in 
a  little  acid  or  alkali.  The  hetero -proteoses  are  insoluble  in  water,  but 
sotublc  in  dilate  salt  solutions.  The  secoodary  proteonca  arc  only  pre- 
cipitated by  full  saturation.  It  is  probable  that  each  of  tliesc  groupn 
is  a  mixture  of  many  different  fragments  of  the  protein  raole-mlc.  They 
can  be  further  fraetione<l  by  ammonium  sulphate,  but  we  need  not  go 
into  that  matter  at  this  place. 
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It  is  fouDcl  that  the  different  proteoses  diilur  in  tlic  kind  and  amount  oE 
tb«  aminoacids  that  they  contain.  They  differ  also  from  each  other 
depending  on  the  protein  from  which  they  come,  the  deutero^gelatose 
from  gelatin  being  different  from  the  deutero-caseose  from  easein.  The 
protalbumosea  ditfer  £i'om  the  deutero-albumoses,  alHo,  io  their  reaction 
to  other  precipitating  rca^nt^  than  ammonium  sulphate.  Thus  potas- 
sium ferrocyanide  and  aectic  acid  pn-oipitatc  the  proto,  but  not  the 
deutero-albumose ;  copper  sulphate  will  precipitate  the  former,  but  not 
the  Latter,  and  otiicr  differences  have  been  noted  by  Kutscher.  It  is 
probable,  from  his  resolts,  that  the  latter  have  more  of  the  basic  amino- 
acids in  tbcm  than  tbo  former  and  that  the  protalbumose  is  more  acid 
than  the  dcutero-albumose. 

9.  Character  of  the  Unkings  itt  the  protein  molecule  attacked  hy 
pepsin.  Although  it  is  uucerlaiu  whether  some  small  amounts  of  amino- 
acids are  or  are  not  set  free  by  Hie  prolonged  action  of  pepsin  hydro- 
chloric ucid,  Uierc  is  no  doubt  that  the  action  is  incomparably  more  rapid 
in  the  Srst  stagcai  of  digestion  by  which  the  protein  is  split  into  albomoees 
and  peptones  than  in.  the  further  decomposition  of  these  substances. 
AnoUior  very  significant  feet  is  that  no  artificial  polypcptids  have  yet 
been  made  whit^h  can  be  digested  by  pepsin,  although  many  are  digest«d 
by  erepsin  and  trypsin.  Moreover,  pepsin  has  uo  action  at  all  on  certain 
proteiuH  which  are  easily  digested  by  trypsin  and  erepsin.  It  has  no 
action  oit  tlie  protamines,  satmin  and  clupcin.  In  this  case  WQ  have 
Hnkings  between  tlio  basic  amino-a<;ids  and  proline,  serine  and  valino 
which  pepsin  c-annot  break.  Since  it  will  not  act  either  on  any  of  the 
artificial  polypeptids,  it  seems  either  that  pepsin  must  act  only  on  some 
special  amino-aeid  Itnliings,  or  else  that  there  are  in  the  protein  molecule 
linkings  uniting  the  albumoses  of  a  different  nature  tJian  amiuo-aetd 
linkings.  It  may  be  remarked  in  this  connection,  however,  that  in  the 
course  of  pcpUc  digestion  the  number  of  free  amino  groups  undoubt- 
ediy  increases,  as  is  shown  presently,  and  this  would  indicate  that  if 
the  digestion  is  rcall)'  due  to  thu  pupsin  uuJ  not  to  some  admixed  enzyme 
of  an  ereptic  nature,  like  that,  for  example,  of  the  saliva,  that  the  pepsin 
must  have  acted  on  some  amino-linkings.  The  further  investigation  of 
this  problem  will  possibly  throw  light  on  the  synthesis  of  albumoses  to 
make  eomplex  proteins.  In  any  ease  the  action  of  pepsin  shows  that  the 
possibility  that  the  protein  moleiiule  is  not  a  single  long  chain  of  amino- 
acids,  but  may  be  composed  of  larger  groups  of  two,  three  or  a  larger 
number  of  amino-acids,  just  as  stareb  is  composed  of  a  number  of  nial- 
toBC  groups,  cannot  be  disrcganled.  The  protein  digestion  is  thus 
apparently  similar  to  that  of  the  polysaccharides.  By  digestion  of  the 
polysaccharide,  starch,  a  number  of  dextrin  groups  are  first,  formed, 
and  these  arc  subsequently  transformed  into  monosacehnndes.     This 
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it  aftwimpliiihed  1^  two  or  three  fennentB:  amylaae,  whieh  attsdks  die 
starch  and  carries  it  over  into  dextrin;  dextiinaae,  which  attadcs  the 
dextrin  and  carries  it  to  maltose;  and  maltase,  conTerting  w»»H^iy>  to 
glacoae.  Amylase,  dextrinase  and  maltase  correspond  in  a  general  way 
with  the  three  proteolytic  enzymes  pepsin,  tryx>^  ^^"^  erepein.  That 
the  pepsin  hydrochloric  acid  decomposes  1^  hydrolysis  is  shown  "by  the 
investigatitais  of  Chittenden  and  Kuhne.  If  a  protein  is  analyzed  before 
and  after  digesti<m,  it  is  found  that  the  amount  of  hydrogen  and  oxygen 
in  the  q>lit  products  is  much  greater  than  in  the  original  protein.  The 
total  wei^t,  also,  of  the  solid  protein  left  on  evaporation  is  increased, 
showing  that  the  elements  of  water  are  taken  on. 

Daring  the  coorae  of  peptic  digestion  there  is  a  breaking  of  amino- 
earboxyl  linting^  BO  that  the  number  of  free,  that  is  onsabetituted,  amino 
groups  greatly  increases.  This  inference  is  drawn  from  two  facts:  first, 
the  capaci^  of  the  digestive  products  of  combining  with  formaldehyde 
steadily  increases,  as  is  shown  by  the  Sorensen  titration;  and,  second, 
coincident  with  this  is  a  steady  increase  in  the  power  of  combining  with 
acid,  as  is  shown  by  the  steady  fall  in  the  amount  of  uncombined  or  free 
hydrochloric  acid  as  determined  by  the  Giinzberg  reagent.  The  foUov- 
ing  experiments  illustrate  these  facts : 

100  cja  1%  ginten  in  X/IOHCl  plus  50  oe  1^  Parke-Daris  pejwiii  io  K/IOHCI 
in  the  thennocUt  at  38>. 

Fret  H'. .  Pwrnol 

At  onee SS*  • 

After    4    day*    M  12 

Alter   12   <Uyi    77  17 

*Tbe  flgorea  represent  ex.  of  N,  10  N»OB  aeecwu?  to  nentnlize  100  e^c  of  tka 

mixtnr«.     100  c^e^  for  example,  oontaini  ;i  c.c  free  N/IO  HCL    Ob  the  addition  of 

fonncl  tbe  additj  mctt^M^  equivaleDt  to  S  c.cl  K/10  add,  phenri-phtjia letn  being 

the  indteator. 

SO  t-t.  •atnratod  gjuten  ftolutioo  ia  X..  10  HO  plaa  50  ul  1%  Parke-Dana  pepsin 

in  K;  10  HU  in  thenn^ictat. 

T ".-»;  ••:■ 

A:  oB(«    91  I? 

Afwr    1    J»T»     M  Ct 

The  eiptrim^D'.*  lAow  that  the  increase  in  the  formol  titrati<m  is 
almost  equal  to  ih*:  decrease  in  the  free  acid.  This  fact  is  also  brou^t 
out  in  the  {'jAowicg  esperiments  which  give  also  the  change  in  the 
titration  by  pongci  red  i 

At'ttt.*  .  :2  8S  16  IB 

Alttr  2  br>3Tf &*  ^  28  ^ 

-  1    diT 55  S«  SO  32 

-  «  diLTi   .      29  8»  «  M 

■  IS  daj« K»  88  68  67 
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The  Congo  titration  remains  practically  constant,  since  this  gives  both ' 
Xroc  and  combined  acid;  and  the  difference  between  Giinzberg  and  congo 
acidit}'  represents  the  amount  of  hydrochloric  acid  which  haa  been  bound 
by  the  amino  groups  set  free.  It  vill  be  neeu  that  thitt  number  in  almost 
tlie  same  as  thai  of  the  formol  titration  which  tiLrates  the  number  o£  sucli 
amino  groups  which  have  been  set  free  in  another  way. 

These  experiments  show  very  clearly  that  whatever  the  special  Unk- 
ings may  be  which  arc  broken  by  the  pepsin,  or  other  enzymes  in  the 
commercial  pepsin,  tliat  thoy  involve  amino  groups.  It  will  be  seen, 
too,  that  Ute  free  acidity  decreases  markedly,  and  since  the  activity  of 
the  pepsin  is  dependent  on  the  acidity  tliis  factor  of  diminishing  acidity 
will  probably  alter  the  rate  of  digestion.  In  any  experiment  in  which 
the  activity  of  the  pepsin  itself  is  to  be  studied  tlte  acidity  should  be  kept 
constant. 

Sach  a  substance  as  Witte's  peptone,  which  is  in  reality  lai^ly  a 
mixture  of  albumosos.  U  still  capable  of  partial  digestion  by  pepsin,  as 
is  shown  in  the  following  experiment: 

SO  CO.  i%  Witte's  peptone  plus  90  cc  1%  Parfcc-Davia  pcpeln  la  N/10  UCl 
pttin  SS  e-c  wal«r  Rt  3R*  C. 
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There  is  a  noticeable  increase  in  the  free  amino  groups,  as  shown  by 
the  rise  in  the  formalin  und  decrease  in  the  Qiiuzberg  acidity. 

If  the  formation  of  other  products  tlian  peptones  and  albumoses 
recorded  by  Zuntz  is  really  due  to  pepsin,  the  following  scheme  may 
perhaps  indicate  the  course  of  peptic  digastion  of  n  simple  protein. 
Simple  protein  diguttod  by  pcpein  HCI. 
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10.  Energy  changes  in  digestion.  Peptic  fli^jition  does  not  involve 
a  noticeable  to&s  of  energy',  a  matter  of  great  importance  for  the  organ- 
ism, since  it  indicates  that  neither  tlte  synthesis  nor  the  decomposition 
of  the  proteins  from  the  amiuo-acids  involves  much  energy  dissipation. 

If  the  heat  produced  by  burning  a  eertain  weight  of  the  protein  before 
digestion  tg  compared  with  that  produced  by  burning  the  nme  weight  of 
the  digested  products,  allowing  for  the  increase  of  weight  due  to  the 
water  added  by  hydrolysis,  the  difference  is  negligible.  Energy  is  not 
lost,  then,  by  the  hydrolytic  decomposition  of  the  proteins,  or  the  loss 
is  extremely  little,  nor  is  energy  rctjuired  for  their  synthesis  by 
dehyilration. 

11.  Fale  of  tlte  pepsm.  What  becomes  of  the  pepsin  which  is 
secreted  by  the  stomach  and  finds  its  way  into  the  intestine  f  Is  it 
destroyed  there  by  the  action  of  the  bacteria  and  enzymes  of  the  small 
and  large  intestine)  or  is  it  reabsorbed  t  and,  if  it  is  reabsorbed,  what 
becomes  of  itt  Is  it  pii^ked  out  from  the  blood  by  the  stomach  mucosa 
and  used  over  again  or  is  it  taken  up  and  destroyed  by  the  blood  or 
body  cells? 

These  arc  questions  to  which  only  most  imperfect  answers  can  be 
pven.  In  fact,  it  is  not  known  what  becomes  of  most  of  the  pepsin  pass- 
ing with  the  food  into  the  intestine.  It  was  long  thought  that  by  the 
action  of  the  bile,  duodenal  and  pancreatic  secretions,  all  of  which  are 
alkaline,  it  would  be  destroyed  and  that  its  action  would  cease  on 
entering  the  int4«tine  and  the  pepsin  itself  be  perhaps  digested.  This  is 
perhaps  the  fate  of  most  of  it.  But  it  has  been  found  that  the  reaction 
of  the  chyme  in  the  upper  part  of  the  intestine  remains  weakly  acid 
sometimes  clear  to  the  large  intestine,  at  other  times  only  a  short  distance 
below  the  pylorus,  but  in  any  case  the  neiitrflliwilion  gives  very  little  or 
no  free  alkali.  lie^cent  experiments  by  Abderhalden  and  Meyer  have 
shown  that  active  pepsin  is  to  be  found  in  the  intestinal  contents  of  the 
dog's  duodenum,  jejunum  and  ileum.  By  mixing  these  contents  with 
elastin  to  whieh  the  enxyme  sticks  and  then  placing  the  elastin  in  hydro- 
chloric acid  solution,  the  elastin  was  found  to  be  digested,  proving  the 
presence  of  active  pepsin  throughout  the  canal.  Them  can  be  little 
doubt  that  the  peptic  digcHlion  docs  not  erase  as  soon  as  the  uhymc  passes 
into  the  intestine,  but  continues  for  some  time,  and  that  the  pepsin  is  not 
tiUed  at  once,  at  any  rate,  by  trypsin  and  cropsin. 

The  further  fate  of  this  pepsin  is  not  known.  Very  little  aetive  pep- 
sin is  found  in  the  feces.  There  is  little  doubt  tliat  some  of  it  ia  absorbed, 
for  the  blood  always  contains  some  anti-pepsin,  a  fact  which  proves  that 
pepsin  has  found  entrance  to  the  blood  either  from  the  peptic  glanda 
of  the  stomach  or  from  the  alimentary  canal.  More  pmbahly  it  enters 
from  the  latter.    Pepno  is  found,  also,  in  small  amounts  in  the  urine, 
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wlilch  proves  that  some  of  it  is  circulating  in  the  blood.  Th(!«o  facts 
make  it  possible  that  there  may  be  a  cii-culaiion  of  pepsin  analogous  to 
the  circulation  of  the  hile,  the  pepsin  being  ia  part  reabsorbed,  carried 
to  the  stomach  and  there  picked  out  and  reseei-eteii.  The  condiiioos  of 
this  rceecrotion  are  o£  course  much  less  favorable  than  for  tlic  analogous 
cireulation  of  the  bile,  since  before  reaching  the  stomach  the  Woo(l  from 
the  intostino  must  pass  through  many  other  organs,  all  of  which  may  act 
upon  the  pepsin.  How  extensive  and  whether  or  not  there  is  such 
a  circulation  of  the  pepsin  cannot  at  present  be  said  and  the  question 
ahould  bo  investigated.  While  it  is  not  impossible  that  a  larger  propor- 
tion of  tho  pepsin  \rhich  is  secreted  in  the  slomacli  may  be  reabsorbed 
in  the  intestioQ  than  is  at  present  believed,  the  probability  is  that  most 
of  the  pepsin  is  destroyed  in  the  intestine  either  by  the  otlier  digestive 
enz3rmes  or  by  tlie  bacteria.  The  whole  question  is  badly  in  need  of 
furtlier  investigation. 

Hydrochloric  acid.  Methods  of  its  quantitative  detennination. — 
The  activity  of  the  pepsin  depends  on  tlie  acidity  oC  the  juiee.  It 
beooiaeB,  therefore,  important  from  a  clinical  point  of  view  to  determine 
what  the  amount  of  acid  is  in  tlie  juice  and  whether  it  is  hydrochloric 
or  some  other  acid.  Generally  the  secretions  of  the  hydrochloric  acid  and 
the  pepsin  run  closely  parallel  to  each  other,  so  tliat  If  the  juice  is  weak 
in  pepsin  it  is  also  weak  in  hydrochloric  acid.  In  hyperacidity  there 
is  usually  a  hyperpcptic  activity  oleo.  There  may,  however,  be  aehlor- 
hydria,  that  is  an  absence  of  hydroehioric  acid,  with  some  peptie  aetioo. 
Theeloee  parallelism  of  Uie  secrelions  of  these  two  substances  mny  raeao 
that  they  come  from  the  same  cells  or  are  even  fonued  together  in  one 
action.  The  acid  is  generally  lacking  in  carcinoma  of  the  stomach,  and 
this  is  a  fact  of  considerable  diagnostic  importance.  It  is  de^rable  to 
have,  therefore,  methods  for  the  easy  and  accurate  determination  of 
the  stomach  acid.  The  examination  is  usually  made  in  the  following 
way: 

In  the  morning  when  no  meal,  or  but  a  light  one,  has  been  eaten  the 
evening  before,  and  tlie  stomach  has,  therefore,  been  resting  for  12 
hours  and  should  be  empty,  a  lest  breakfast  is  eaten  of  either  a  roll  and 
a  cup  of  weak  tea,  or  five  Albert  or  other  crackers  (biscuils)  well  chew«d. 
After  45  minutes  the  patient  cither  vomits,  or  a  stomach  tube  is  swal- 
lowed and  a  sample  of  the  gastric  juice  is  drawn  for  examination.  It  is 
wiae  not  to  be  content  with  a  single  sample,  but  to  examine  the  contents 
on  more  than  one  occasion,  since  the  acidity  of  the  contents  is  not  always 
tho  same  and  it  may  happen  that  the  material  witJidrawu  has  not  been 
thoroughly  mixed  with  the  juice. 

A  lew  c.e.  of  the  unfiltered  juice  is  titrated  with  N/10  NaOII,  using 
phraol-phthalein  as  an  indicator.    This  indicator  is  so  delicate  that  it 


will  detect  all  acids,  even  very  weak  organic  acids,  and  that  also  which 
u  temporarily  couihiacd  with  the  protein.  Hence  this  is  the  maximum 
acidity  which  can  bo  present.  The  number  of  c.c.  of  N/10  NaOH  neces- 
sary to  ncatr&lize  100  c.c.  of  the  unfiltered  coatoQts  is  called  tlie  total 
acidity. 

If  this  number  turns  out  to  be  noniial,  and  human  normal  gastric 
contents  should  be  sufficienlly  acid  so  that  100  o.c.  will  require  about 
14  e.c.  of  the  N/10  alkali,  the  next  process  is  to  disco^-er  whether  the 
acid  is  hydrochloric  acid  or  not,  or  at  least  to  see  whether  the  hydro- 
eltlortc  acid  is  present  in  a  free  state.  This  is  beat  determined  by  Giinz- 
berft's  reagent  or  by  Topfer's.  The  latter  introduced  dimetiiylamino- 
azo-bcnzene  as  an  indicator  for  the  free  bydrocfaloric  acid,  since  it  only 
changee  color  when  the  coneentration  of  liydrogen  ions  is  at  least 
NX10~*.  Any  organic  acid  ot'ciipring  in  tlie  stomach  would  need  to  be 
present  in  very  high  concentration,  0.5  per  cent,  or  more,  to  produce  this 
concentration.  This  indicator  is  pink  when  acid  and  yellow  when  alka- 
line. If  now  10  C.C.  of  filtered  juice  are  taken  and  a  drop  or  two  of  the 
indicator  solution  added  and  then  titrated  with  N/10  NaOH,  the  result, 
if  the  contents  arc  normal,  should  give  a  figure  corresponding  to  about 
.03  NHCl.  The  Qilnzberg  reagent  should  also  be  used  as  desenbed  on 
page  368,  An  aecuratedolermlnation  of  the  number  of  hydrogen  ions  in 
the  juioe,  and  tliis  is  the  only  true  test  of  its  actual  activity  op  avidity,  can 
best  l>e  made  at  the  present  time  by  means  of  the  gas-chain  method  ex- 
plained on  page  538.  This  method  is  too  dlfliviilt  for  clinical  work.  The 
actual  aridity  of  the  juice  as  determined  by  this  method  varies  greatly 
in  different  conditions.  In  the  fasting  stomach  Tangl  obtained,  by 
drawing  some  of  the  contents  with  a  sound  10' 12  hours  after  the  last 
meal  at  8  .-v.m.,  from  2-25  c.c.  AH  13  samples,  with  one  exception,  wore 
acid  to  litiHUfi.  Only  one  was  alkaline.  The  coneentralion  of  hydrogen 
ions  in  gram  eiiuivalents  per  liter  wore:  .035;  .022;  .0001 ;  .00042;  12X 
10-* ;  .085 ;  .013  ;  .029.  The  aeidity  of  norma!  gastric  contents  should  he 
about  .055.  The  acidity  ran  hctwcen  10~'  and  7X10~'  N  hydrogen  ions. 
The  optimum  concentration  of  hydrogen  ions  for  the  digestion  of  pro- 
tmna  by  pepsin  was  found  by  Sorensen's  gns-chnin  method  to  be  0.O20- 
0.060  N.  Chrlstiatisen  found  the  optimum  for  human  juice  to  be 
.020-.033 ;  for  the  pig.  0.052 ;  and  for  the  dog.  0.053  N. 

While  the  direct  determination  of  the  hydrogen  ion  concentration 
is  thus  too  dinicult  for  clinical  use,  except  in  a  well-equipped  laboratory, 
a  very  close  approximation  may  be  made  by  the  use  of  thp  Giinzberg 
reagent.  This  reagent  consists  of  a  mixture  of  pMoroglucin,  2  grams; 
vanillin,  1  gram ;  alcohol,  100  c.c.  The  reagent  should  ho  kept  well 
protected  from  the  light.  One  drop  of  the  reagent  is  placed  on  a  white 
porcelain  plate,  or  evaporating  dish,  and  dried  cautiously  over  the  flame, 
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or  better  oa  the  water  bath.  Tlien  add  one  drop  of  Uic  juice  to  be 
tested  to  the  clear  yellow  spot  !cft  by  Uic  evapor»tioii  and  warm  again 
carefully,  If  hydrochloric  acid  is  prt-sent  in  the  free  state,  a  red  color 
develops  on  heating.  If  it  is  heated  too  mucli,  it  will  bi;  brown.  Uy 
diluting  the  gB.stric  juice  a  limit  will  be  found  which  juat  gives  the 
reaction.  This  limit  contains  0.0004  NHCl.  The  red  color  is  due  to 
the  production  of  a  red  ciyetallinc  substance,  C,qH„0„  which  is  formed 
by  the  union  of  two  molecales  of  phloroglucin,  C^HjO,,.  and  one  mole- 
cule of  Tanillin,  C,H,0„  with  the  elimination  of  water.  If  acid  is  tested 
in  the  cold  with  this  reagent,  it  will  be  found  to  react  only  with  N  HCl; 
weaker  acid  gives  no  color. 

The  following  table  iUuatratcs  th«  findingH  in  a  large  number  of 
cases  after  a  test  breakfast  (Ewald'a).  The  figures  in  all  except  t-he 
fiPBt  eolumn  represent  the  number  of  c.c.  of  N/10  NnOH  neceSBary  to 
neutralize  100  c.c.  of  the  gastric  contents  when  the  different  indicators 
are  used.  The  Oiinxberg  figures  are  not  determined  by  direct  titration, 
but  in  the  manner  indicated,  i.e..  by  dilution.  They  express  the  amount 
of  free  hydrochloric  acid  there  ia  in  100  c.c.  of  juice.  The  figure  20  under 
Qiinzberg  means  that  100  c.c.  of  this  juice  contained  20  c.c.  of  free 
N/10  HCl. 
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It  will  be  Hccn  from  the  foregoing  table  that  the  free  HCt  as  deter- 
mined by  Giinzbcrg's  reagent  is  very  close  to  the  actual  concentration 
of  the  hydrogen  ions  as  determined  by  the  gas-chain  method.  Congo 
red  gives  always  much  more  tlmn  the  free  hydrochloric  acid  and  dimetbyl- 
amino-azo-benzeue  (Topfer)  somewhat  more.  If  Ihe  concentration  of 
the  hydnigcn  ions  is  low,  however.  QiinRberg  used  in  this  way  gives  loo 
low  rcsulta.    Pure,  human  appetite  juice  contains  ,12  Nil  ions. 

In  the  case  of  pure  gastric  juice,  when  there  is  no  admixture  of 
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gtowirh  contents,  eongo  red  giTK  resolts  more  in  hannooj  with  tbe 
lydiogtn  ion  titratim.  For  then  there  is  no  admixtiure  of  food  to  lund 
acme  of  the  add  of  the  gastric  juice.  This  fact  is  ^own  in  the  biUoir- 
ing  detenninatituis  of  varioDs  samples  of  gastric  jaice  from  a  case  of 
hypeneerrtiai : 
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With  pure  gastric  juice  there  is  not  a  very  great  difference  between 
phentd-phthalein  titration  and  that  by  Giinzberg ;  in  other  words,  there 
is  very  little  difference  between  the  free  hydrochloric  acid  and  the  total 
acid,  for  in  snch  juice  when  it  is  normal  there  is  almost  no  lactic  or 
organic  acid  and  most  of  the  acid  is  free  and  not  bound  to  the  organic 
matter  in  the  joice.  But  as  the  protein  admixture  in  the  juice  increases, 
or  when  by  fermentation  ot^nic  acids  may  be  formed  from  the  carbo- 
hydrates, then  the  difference  between  the  two  titrations  may  be  very 
large.  This  fact  is  brought  out  if  we  compare  the  titrations  of  the 
stomach  contents,  first,  of  the  pure  juice,  then  of  the  contents  after  an 
Kwald  test  breakfast,  which  contains  very  little  protein,  and  then  after 
Boorget's  breakfast  which  has  more  meat  in  it. 

TlTBATIOX   NUMBIJtS. 
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Aft«r  Ewald'a  breakfast  . 
After  Bourget'a  breakfast 

How  the  acidity  of  the  juice  may  vary  after  various  meals  and  at 

different  times  is  shown  by  the  following  figures : 
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In  the  last  experiment  Uiere  was  no  free  Hydrochloric  ncid  as  shown 
by  Giinzborg;  indeed,  to  get  a  positive  Giinzbcrg  test  it  was  necessary  to 
add  hydrochloric  acid  in  considcmblo  amounts,  but  uevertheleas  there 
was  a.  normal  total  acidity  and  a  normal  acidity  lo  cougo  paper. 

The  following  table  shows  the  number  of  c.c.  of  N/10  NaOH  required 
to  titrate  100  e.c.  of  unliUered  stomach  contents  after  an  Kwatd  test 
breakfast  when  various  indicators  were  used: 

Iwllcatar  c.  a.  H/IO  NbOB 

'l'r«p«toUn t2-lt) 

IMUylTiokt 1»*M  i    Ri'I  point  iiwleflnit*. 

Gtliubtr^ S£ 

Bmb 2£ 

DhBcthyl-wnino-iKoIwiuefic  3S •  38 

H«th]>l  «niig« 41-43 

Con|p>  paper 43 

Altmrln 49-51 

RoAolic  acid SI  •  S3 

LitmtiB  papi?r  58 

Plipnol'phthnti^in     63 

Variation  of  hydrochloric  add  in  disease. — T)i(>  determination  of 
the  secretion  of  hydrochloric  ncid  is  of  roiiHidenibli:  imporlanoe  in  the 
diagnosis  of  stomach  disease.  TIiil^  in  rnticrr  of  I  lie  Htomudi  part  icularly, 
but  also  at  limes  when  the  cancer  is  in  some  other  part  of  the  body,  there 
is  often  a  great  diminution  of  the  secretion  of  hydrooliloric  acid  or  its 
complete  suppression.  On  the  other  hand,  in  ulcer  of  the  stomach  and 
in  particular  when  the  ulcer  is  in  the  pylorus,  or  duodenum,  there  is  gen- 
erally found  hyperneidity.  It  may  liapi>Gu,  however,  that  when  an  ulcer 
has  a  cancer  grafted  on  it  tlio  sevretlon  may  be  normal.  In  various 
neuroses  the  acidity  and  the  pepsin  content  may  be  increased  above  the 
normal.  In  general,  carnivorous  animals  have  a  more  acid  secretion  than 
herbivorous,  and  a  meat  di<it  ia  supposeii  to  inercasc  the  acidity ;  although 
no  very  convincing  evidence  of  variations  of  acidity  with  diet  has  been 
found. 

Theory  of  tiuation  of  stomach  contents  by  indicatois. — AH  tlir  IndieitoTs 
ofDployed  for  the  titration  a1  acids  or  alknlics  are  either  aeUla  or  bnsM.  Tbu« 
phmul-phthalcln,  dlinetbyl-amino-u»-1]«nzeii<;  and  congO  red  ar«  aeldB.  Tlie  color 
ebaagc  Ib  dtu?  probably  to  a  renrrnngmipnt  of  tbe  tnolorule  («  a  oo1ori?d  form,  ufually 
ft  qUtDOnoid,  nhcn  in  the  aftlt  form.  Thi*  lYnrrAngomi^nt  ii  protinbly  dxut  to  tli« 
dinooiation  of  ths  moIi'Ciiln,  tha  nndiaoodatad  molet'uU'  not  rcarraaKinK-  Bineo 
tho  indicatora  are  ocida  of  different  avldltl«B,  that  la  since  tiivy  bare  dlfTcmit 
nniauBli  of  dtseoclation,  some  are  weaker  than  otliers.  Accordingly  tome  arc  able 
to  form  wilU  in  aaSlclpnt  amounts  to  givi*  a  pciwpiitilr'  eolor  in  Hip  prcsi-npg  of  mors 
aeid  than  or*  other*  wMcli  arc  wcakir.  Thus  conijp  red  ia  n  f«irly  stronK  acid  and 
ia  ablr  t«  tnke  aonif<  a!  Iliv  baae  Ui  itwK  and  make  a  eolored  mU  In  tlie  preaence  of 
•oiM  lr««  acid,  vltcr«aa  pbcnol-phthslein  la  >o  w«alc  en  odd  and  its  taita  dtnaociat* 
BO  much  hydrotyticalty  tbat  It  will  only  gii-c  an  alkallDo  rcactton,  that  U  form 
aou^  salt  to  bo  awn,  wbm  thvrv  in  (iuit4  a  good  doiI  of  alkali  prvscnt.    llic  eon- 
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QvatrntioD  of  hydroj^  Ions  at  which  th«  Tkrioua  indteatar*  change  ilieir  rcocUonfl 
ta  ibowti  In  tk»  following  tabid  (iiro  nlso  page  BM): 

Cg  loM,  aI  orlilch  tt* 

I  n<]  Iralor  cliuuna. 

(Itorni*)  dinilcd  >y  10 

rmlHd   lo  UiA  puwer  ii>- 
Inilcaiar  tficaUd  by  iliii  rairD<dB[ 

OfiirH.    i:'<in|[n  r«1 

TropuoUn  OO    1.4-2.6 

Methyl  violet 0.1-3.* 

Dimettijrl-amino-kio-beDzene  2.0  •  4.0 

U«tl>;l  orange  3.1-4.1 

ConganA 3    -5 

AlIurlB    S.S  ■  a.8 

UtnuB  paper 7 

Neutral  r«d  4.8-8.0 

RoM)ic   add    0.9-8.l> 

rhonol-phtJialein  8.3  - 10.0 

GUnzberg:'!  reagent. — ^The  proper^  of  giiing  a  red  color  undvr  the  condlUoua 
of  the  Ganzberg  reaction  ia  not  pMuliar  to  hvdroeMorie  nci'l,  aince  uMlphuric,  nitric, 
phoepborle  and  boric  ncid  girr  it  nliwi,  Of  thcw  ncida  phonphoiic  nnd  boric  are 
weak  aoids.  bone  being  vtrj  wcafa.  But  borle  neld  haa  the  property  of  uniting  b/ 
«aa  of  ita  hydrox^la  niUt  lugnr  and  bttviaing  Uiereby  n  much  etrongvr  acid,  and  it 
il  ponibta  that  phosphoric  aeiil  lias  this  aamc  powrr  Iwk  <lev<ilop<?it,  «inc«  ns  the 
cxiatnee  of  phytln  ahowi  It  has  the  proptrly  of  combining  with  ttic  hydrox^Ia  of 
aromatic  alcohols  lucli  n«  phloroglucin.  BuUj  tbrKr  nndii  probably  unitf  with  th« 
phloroglucin  to  make  ««t4>r«  and  their  acidity  ts  prohnbly  thereby  muoh  inn^nwd. 
Pboapborifl  ncid  ia,  for  example,  a  much  weaker  B<;id  than  formic,  nhich  doea  not 
giro  the  reaction.  Oxalic,  citric  and  tnrlaric  ncida  girc  a  paaiti\-«  reaction ;  auoelnie, 
pr«pionio,  lactic,  aoetic,  butyric,  Wiuoic,  formic  anil  plitbalic  arc  nvpLtive.  No  mono- 
(nrlxixylic  fatty  acid  1b  known  wlilch  ia  poatlive.  but  it  there  ia  mare  than  one 
Mrlwxyl  preaent  then  it  may  be  paaitive.  Hydrnehlorie  ncid  N/2i4)0  *ti1l  grrea  a 
itoUcekble  retetion.  It  Is  clear  thut  the  rroction  dcrra  not  depend  upon  the  number 
«(  hydrogen  iona  alone.  For  example,  a  mJicture  of  glycocoll  and  hydrochloric  add 
ktvlng  4  concentration  of  hydrogen  ions  of  NxJO-t-M,  or  roughly  .OIN,  ia  juat 
poaltire;  while  frn^  hydrochloric  acid  N/2500  or  N  x  ^0-*-*  i*  pOHiIive.  CliriitianNvn 
OOBcludea  th&t  the  rcaetion  depends  on  the  nature  of  the  acid  and  not  on  the  H  ion 
conceiitration.  Tlie  probability  is,  however,  that  when  glycocoll  and  hydrochloric  acid 
or*  rvnporatpd  more  and  more  of  the  arid  t<  hotitid  na  thq  concontraUnn  inereoap*. 
09nae<iueatly  the  ion  eoncentrntion  at  the  end  oiuy  be  far  Uaa  than  that  indicated 
in  the  foregoing  figuret.  GUniberg'i  reagent  in  certainly  the  moat  uaeful  indicator 
for  the  dt  terrain  at  inn  of  the  free  hydrocli  lorie  acid. 


Origin  of  the  hydrochloric  acid. — Vihai  ii  the  origia  of  this  h^dro- 
ehlorie  acidt  Xtow  shall  vo  picture  the  processes  by  which  this  acid 
In  a  concentration  fatal  to  all  animal  cells,  if  ones  it  ODtcrs  them,  is 
secreted  by  living  matter  from  au  allcaUoe  fluid  like  the  blood  1  In  what 
part  of  the  stomacli  is  it  formed  and  by  what  glands  or  cells  t  These 
are  questions  which  are  not  yet  solved.    The  problem  is  a  difSeult  one. 
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The  acid,  unlike  pepsini^en,  is  not  stored  in  the  cells  of  thi;  storaacli 
mucosa,  for  the  ac|ueous  extract  of  the  muriosn  in  neutral,  not  ncid.  in 
reaction,  and  the  mucosa  contains  only  a  small  amount  of  ehlonne, 
alUiough  tvro  or  three  times  as  much  as  most  of  the  other  tissues  of  the 
body.  Not  only  is  the  hydrochloric  acid  not  stored,  but  neither  are  the 
chlorides  stored  or  an  organic  chlorine  compound,  except  in  small 
amounts.  The  per  cent,  of  chlorine  in  differeut  tissues  computed  on  the 
wet  weight  was  found  as  follows  by  Nencki  and  Schumova-Simonowski: 

Faaniculus  ndipoxu«  O.OTO 

Blomoch  mucon  0,00.1 

Liver  0.02S 

Bone  nunow  < 0.034 

Mmch  0.033 

KiAntj  fat  0.032 

Boiws     0.033 

Int«itinal  tntieoaa ,  .  0.040 

The  chlorine  content  of  the  mucosa  is,  therefore,  somewhat  greater 
thao  that  of  other  tisaues.  But.  owing  to  the  small  weight  of  the  mucosa, 
the  amount  of  chlorine  stored  is  but  a  very  small  fraction  ol  that 
excreted. 

The  hydrochloric  acid  is  secreted  chiefly  by  the  fundus  end  of  the 
stomach,  The  pyloric  secretion  is  certainly  less  acid  than  the  fundus  secre- 
tion. It  is  found,  too,  that  the  fundus  mucosa  has  a  little  more  chlorine 
in  it  than  the  pyloric  mucosa, 

CI  CoxixNT  or  Fu»DUB  i!tD  Ptlokio  HuooHi.    Ik  Feb  Ceivt,  or  thx  Dkt  weiort. 


Slamatb   ConUint* 

Prr  MDL  t.blarlit»  Id  itrr  <*«!ehi  of  il»*na 

Aulmtl 

FntKlui 

Fj\irm 

BiffffMineo 

StTonsly  acid .  - 

Fmpty.     Wealt  acid   . . 

P^mp^.     W«ak  Hcid  . . 

0.8T 
0.82 
0.72 
0.75 
O.RB 
0.00 
0.83 

0,«7 
0.59 
0.II3 
0.44 
0.1(0 
0.50 
0.02 

0.20 

0.03 

0.04 

0.31 

0.09 

O.IO          J 

C,2I         j 

The  focdos  has,  then,  mow  chlorine  than  the  pylorus.    The  water  eo^ 
tent  is  about  85  per  cent,  in  each. 

The  attempt  was  made  by  Heidenhain  to  determine  whRth^r  the  acid 
wa-s  formed  in  the  pyloric  or  fundus  part  of  the  stomach  by  mating 
a  pouch  of  a  portion  of  tlic  stomach  in  each  region.  He  found  that  the 
pouch  at  the  fundus  end  was  weakly  acid  and  that  at  the  pyloric  end 
was  alkaline.  This  experiment,  however,  is  open  to  the  criticism  that 
tiie  nerves  were  cut  and  the  s«;rclion  consequently  not  normal.  The 
pooch  made  by  the  Pawlow  method  takes  in  more  of  the  funduB  part  of 
the  stomach  and  it  alwa>'8  secretes  a  strongly  acid  secretion.    There  la 
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no  doubt,  tb«rcfore,  that  the  aocaration  of  Uiis  part  of  the  stomaoh  is  oer- 
laiuJy  acMd.  Sloc«  in  th«  mammalUu  Momach  tfaerd  is  a  marked  differ- 
ence between  the  character  of  the  veUa  in  the  glands  of  the  two  regions, 
ID  thai.  Oie  BOmalled  dclomorphic,  or  parietal,  or  os^-nlic  c^lls  are  found 
in  the  glands  of  the  fundus  part  of  the  stciniaeh  but  not  in  the  pyloric 
portion,  the  condnsiou  woa  drawo  that  the  acid  was  secreted  by  these 
cells  and  they  were  named  oxyutic  cdU  in  conmxiTirnce.  Many  atten^tls 
have  been  made  to  discover  some  direct  evidence  that  these  cells  secrete 
the  add,  but  the  final  result  of  such  attcoipts  has  been  to  show  beyond 
doubt  that  ih^y  do  not  secrete  autd.  but  have  an  alkaline  secretion. 

Claudv  Buruard  was  tuie  of  die  first  who  attempted  to  get  some 
direct  evidence  of  the  place  of  formation  of  the  hydrochloric  acid. 
lie  injected  into  one  vein  of  a  dog  p<itu.ssium  furrocyaoide  and  luto 
aoothcr  the  lactate  of  iron.  Wben  thrsc  two  reagents  arc  brought 
together  outside  of  the  body,  it  is  only  in  the  presence  of  acid  tJiat  they 
react  to  make  a  blue  precipitalo  of  Pruaeian  blue.  Oo  killing  ft»ii»Al*f 
after  such  an  injection,  he  found  the  bine  color  only  in  the  lumen  of  the 
stomach,  and  in  the  neeka  of  the  glands,  but  not  in  the  mucous  mem- 
brane, lie  ooucludiKl  that  Uiu  mucosa  wa&  alk&lint*  in  ruatrtimi  and  tliat 
tlie  acid  was  formed  f>uly  after  exL-rviiou.  Foster  KUt^grated  lliat  it  wuk 
fomiKd  OS  an  organic  compound  which  after  aecretiun  decomposed,  set- 
ting free  the  acid.  All  attempts  to  show  the  existence  of  such  a  com- 
pound in  the  mucosa  have  so  far  been  fruitless.  Fitzgerald  recently 
repeated  the  work  of  Bernard,  with  the  result  that  she  found  some  of 
the  parietal  cells  stained  bluQ  by  the  Pi-u.<isiaD  blue,  but  in  general  the 
color  was  in  Uie  lumen  of  the  neck  of  the  gland  and  iji  tlie  stumucli  itself. 
Her  results  were  interpreted  lo  mean  tliat  the  secretion  of  the  parietal 
cells  was  acid.  It  has  recently  been  sliowii  by  Ilarvoy  and  Bensley  that 
these  cODclusions  are  incorrect.  A  few  of  the  parietal  cells  may  take 
the  stain,  but  the  vast  majority  do  not.  Moreover,  cells  of  the  liver, 
and  other  tissues,  may  also  stain  and  the  blue  deposit  may  be  found  in 
the  l>inpb  and  blood  where  there  is  no  possibili^  of  the  formation  of 
acid.  It  is,  therefore,  clear  that  tliis  method  gives  no  reliable  indica- 
tions of  the  reaction  of  a  cell  or  a  tJHsue. 

Maoallum  attempted  to  fuLlow  the  matter  further  by  means  of  a 
study  of  the  distribution  of  the  chlorine  in  tlie  cells.  By  precipitating 
the  chlorides  with  a  solution  of  silver  nitrate  in  dilute  nitric  acid  and 
then  reducing  the  silver  chloride  by  cxpOHtrig  the  section  to  the  light, 
he  was  able  to  detect  the  presence  of  chlorine  in  cells.  This  method  is 
open  to  the  serious  objection  that  perhaps  other  substances  than  cldoride 
may  fix  the  siK'er.  Nevertheless,  the  method  is  better  than  none  at 
all  and  enables  a  study  of  the  silver-fixing  elements  of  the  cells.  He 
found  that  both  parietal  and  chief  cells  gave  a  strong  reaction  for 
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chlorides,  but  that  the  parietal  cells  lisd  the  ntrouger  reaction  and  he 
interpreted  this  finding  as  favorai>le  to  the  view  Uiat  the  parietal  cella 
geereted  tliQ  aeid.  A  repetiti(»i  oi  this  work  by  Lopez-Suarez  gave  the 
contrary  result,  that  there  was  more  chlorine  in  the  oliief  cells  and  that 
the  parietal  cells  were  practically  free  from  chlorine.  That  Uie  acid 
is  Dot  formed  by  the  parietal  cells,  hut  only  in  tlie  neck  of  the  gland 
and  possibly  in  the  lumen  itself,  is  sliown  by  the  work  of  Harvey  and 
Beosley.  They  found  that  cyanimine,  whiuli  i»  blue  when  acid  and  red 
irhen  alkaline,  stains  the  accretion  of  the  parietal  cells  an  intenac  red 
in  the  living  state.  The  secretion  of  these  cells  is  not  HCl,  but  it  is 
full  of  organic  matter.  The  secretion  of  the  whole  of  a  fundus  gland  is 
slightly  alkaline  or  neutral  until  the  foveola  is  reached.  The  gland  eon- 
tc-uls  in  the  foveola  stain  a  blue  color,  indiealiug  acid.  From  these 
observatioos  it  may  be  concluded  that  the  acid  is  not  secreted  by  the 
cells  of  the  stomach  at  all,  but  is  probably  formed  in  the  fovea  by  the 
rcahsorpliou  of  some  basic  constituent,  leaving  Uic  acid  outside. 

We  may  perhaps  picture  the  formation  of  the  acid  of  the  gastric 
juico  as  follows:  It  is  not  formed  in  the  cells,  but  in  the  cavity  of  the 
stomach  and  in  the  fovete  of  the  glands.  The  cells  lining  the  mucous 
membrane  are  non-permeable  to  it.  It  is  possible  that  the  chlorine  is 
secreted  as  ammonium  chloride,  or  the  chloride  of  some  other  weak 
base.  It  might  also  be  secreted  as  an  ester.  "When  in  the  cavity  of  tlie 
stomach,  perhaps  as  it  passes  along  the  lumen  of  the  gland,  or  at  any 
rate  in  the  neck  of  the  gland,  a  hydrolytio  or  other  dissociation  takes 
place,  setting  free  hydrochloric  acid. 

NH^CI  -J-  HjO  _-^  KH^OH  +  HCl 

Either  by  some  kind  of  selective  absorption  or  adsorption  the  KHiOU  is 
removed  by  the  cells  of  the  neck  of  the  gland,  leaving  the  UCl  behind. 
Such  processes  of  an  unknown  nature,  called  selective  adsorption,  are 
believod  to  occur;  hut  to  fall  hack  on  this  terminology  hero  is  in  the 
nature  of  a  subterfuge,  since  it  simply  puts  the  mystery  uiider  a  now 
name.  Possibly  by  b  chemical  reaction  tlie  ammonia  is  absorbed  and 
converted  uilo  uramido  compounds  or  carbamic  compounds  in  the  cell. 
keeping  the  pressure  of  the  ammonia  ion  in  the  cell  nearly  aero.  In 
every  solution  of  NH.Cl  there  arc  NH,  and  Oil  ions,  and  it  is  known  that 
undisaociated  NHtOH  or  NHj  penetrates  cells  readily. 

It  may  be  urged  in  favor  of  this  hypothesis  that  it  is  supported  by 
all  the  direct  evidence  which  we  have.  A  similar  formation  of  hydro- 
chloric acid  in  just  this  manner  oecurs  elsewhere  in  nature.  Thus  if 
the  mould,  pcnioillinra,  is  grown  in  a  medium  containing  ammonium 
chloride  it  absorbs  the  ammonia,  leaving  the  hydrochloric  acid  outside. 
This  is  just  the  mechanism  supposed  in  the  foregoing  theory  for  the 
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fltomach.  Furthermore,  the  mticasa  of  the  stomach  contains  more 
amjuouia  than  mxy  utiicr  lisiuu  of  the  body,  There  are,  for  examiilc, 
■iO-Sf\i  uga.  in  a  buudrvd  grams  of  stomach  mucosa;  whereas  arturtul 
blood  contains  but  1.5  mgs.  per  100  grams.  The  theory  accouut^,  loo, 
for  the  fuct  that  the  most  acid  juicd  is  found  in  camivora  and  in 
omnivora  ou  a  protein  diet,  a  diet  whidi  by  the  dl^amidization  of  amino- 
acids  sets  free  large  amouutti  o£  ammonia.  The  theory  has,  tJierefore, 
much  in  its  favor.  The  oiUy  great  difficulty  is  the  small  degree  of 
hydrolysis  of  ammoDium  chloride.  The  theory  needs  further  confirma- 
tion before  it  can  be  wliolly  satisfactory.  The  fact  that  the  mucoua 
membrane  or  the  cells  of  tlio  mucosa,  as  long  as  they  are  allvo  uud  in 
good  condition,  have  a  resistance  to  the  entrance  of  the  acid  caimot  be 
doubted,  since  otherwise  the  acid  would  he  neutralized  by  reabsorption. 
This  impermeahUity  is,  however,  of  a  very  limited  kind,  and  if  the  cell 
is  weakened  by  disease  or  by  partial  occlusion  of  the  arteries,  or  by 
great  anemia,  iu  resisumcc  may  bo  so  lowered  that  the  acid  penetrates 
and  digestion  of  the  stomach  wall  begins.  Particularly  hyperacidity 
ia  dangerous,  hecuuse  the  limit  of  rematance  of  the  cells  may  be, 
surpassed. 

There  have  been  two  or  three  other  suggeetions  of  the  nature  of  the 
process  of  the  secretion  of  the  acid  which  should  be  noted,  although  they 
are  probably  incorrect.  The  first  is  that  of  Maly,  according  to  which 
by  a  double  dt;coiitpa«iition  ot  the  acid  carbouateti  and  alkaline  phos- 
phates and  the  cliloridcs  soiac  hydrochloric  acid  is  formed  in  the  cells 
of  the  stomach  and  the  acid  is  then,  in  some  unknown  way,  discharged 
in  one  direction  and  the  alkali  in  the  other.  This  seems  highly  improb* 
able.  In  the  first  place,  there  is  no  evidence  tliat  acid  is  formed  in  the 
cells.  In  the  second  place,  the  amount  of  free  acid  thus  formed  would 
bo  extremely  small,  because  the  avidity  of  hydrochloric  acid  is  so  much 
greater  than  tlie  very  weak  carbonic  acid.  Hydrocldorie  acid  being 
stronger  would  take  the  sodium  from  the  earhonate,  not  llie  other  way 
around.  Iu  the  third  place,  it  explains  one  miracle  by  suppusing  a 
greater  one  in  tlie  separation  of  the  free  acid  from  an  alkaline  cell. 
Koppe  has  also  made  a  HuffKcstion  that  the  hydrogen  ions  of  the  blood 
wander  through  the  membrane  and  arc  exchanged  for  sodium  ions 
which  come  in.  The  membrane  is  supposed  to  be  non-permeable  for 
negative  ions  like  chlorine.  The  difficulty  here  is  also  to  uuderstnud 
how  such  a  membrane  could  be  eonstmcted,  and  the  extremely  small 
numbers  of  hydrogen  ions  in  the  blood.  To  get  the  acidity  of  the  gastric 
juice  as  fast  as  it  is  secreted  would  be  impossible.  The  explanation  has 
the  one  merit  of  nmking  tlic  place  of  formation  in  the  interior  of 
the  stomach  rather  than  in  the  cells  thereof.  Otherwise  it  is  no  ad- 
vance.   As  a  matter  of  fact,  tlie  juice  is  secreted  from  the  glands 
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with  full  acidity  and  even  in  the  absence  of  sodium  chloride  in  the 
stomach. 

One  of  the  results  of  this  add  secrotion  in  the  stomach  Is  to  render 
the  whole  hlood  and  tissues  of  the  body  more  alkaline,  and  tliis  pro- 
foundly atteeta  their  metabolism.  The  sodium  of  the  »odiuin  chloride 
whicli  has  undergone  deeuiuposiliou  tluds  its  way  iiilo  the  blood  as  the 
alkaline  phosphate  or  carhonatc.  The  urine  loay  even  become  aLkalioe 
during  the  eating  of  a  meal  and  always  its  scidity  is  reduced.  The 
change  of  alkalinity  of  the  tissues  iocrcosca  the  oxidation  of  the  tissues 
and  is  responsible  in  part  for  the  tncrcoscil  metabolism  and  heat  pro- 
duction during  digestiou,  observed  by  Lavoisier.  It  may  very  easily 
be  a  factor  in  the  feeling  of  well-being  following  eating.  Its  impor- 
tance for  the  body  as  a  whole  is  generally  overlooked. 

Rennin  and  its  action. — Uastrie  juice,  or  the  aqueous  infusion  of  the 
calf's  stomach  or  of  any  otlier  suckling  mammal,  etots  milk.  The  essen- 
tial fact  in  this  rlntting  is  that  a  soluble  protein,  casein  (caseinogen,  as 
I  he  Kngli.ihcall  it),  is  transformed  to  en  insoluble  form  called  paracasein 
(English  casein).  The  paracasein  is  so  concentrated  that  it  docs  not 
flock  out  of  the  solution  as  insoluble  precipitates  generally  do,  but  it 
remains  distributed  all  through  the  milk,  and  the  water,  with  the  fat,  is 
held  or  entangled  between  the  particles  of  parucaseiu  so  that  a  gel  is 
formed.  The  substance  in  Llie  gastric  juice  whirh  causes  this  change  in 
the  casein  is  the  rennin,  or  chymosiu.  If  a  little  sodium  oxalate  or  any 
other  substance  whicli  precipitates  valciuiu  be  added  to  milk,  the  milk 
will  not  clot  on  the  subsequent  addition  of  rennin.  Talcium  ils  well 
08  rennin  is,  therefore,  necessary  to  the  clotting  of  milk.  If  aiU:r  the 
addition  of  the  oxalate  and  the  rennin  one  waits  for  about  half  on  hour 
or  even  a  shorter  period  and  then  boils  the  milk  so  as  to  kill  the  rennin, 
the  milk  is  still  fluid,  but  if  one  now  adds  ealeiura  chloride  or  some 
other  calcium  salt  to  the  milk  so  that  there  is  more  than  enough  to  com- 
bine with  the  oxalate,  then  clotting  comes  on  at  ouce.  From  this  experi- 
ment it  is  clear  tbat  altliough  in  the  absence  of  calcium  no  clotting  has 
taken  place,  yet  the  rcmiiu  must  nevertheless  have  acted  ou  the  casein 
and  changed  it  so  that,  even  m  the  absence  of  reuniu.  as  soon  as  calcium 
is  added  the  milk  clots.  Hammarsten  found,  also,  that  whon  milk  clots 
and  the  whey  or  fluid  portion  is  separated  from  the  clot,  a  new  protein, 
an  albuniose  called  wke.t/  albumose,  appears  in  the  whey.  When  milk 
clots,  tiierefore,  easein  disappears  and  two  new  proteins  appear,  whey 
alburoase  and  paracasein.  Ilie  latter  of  which  is  found  as  a  calcium 
compound  in  tlieclot;  tlie  former  in  the  whey.  Since  a  pure  casein  solu- 
tion acts  in  the  same  manner,  we  may  recapitulate  all  of  these  facts  in 
the  following  explanation:  Keunin  splits  casein  into  whey  albumose  (t) 
and  paracasein,  the  paracasein  thus  formed  is  much  Ices  soluble  than 
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be  casein  as  ts  shown  by  the  fact  Ihat  it  ia  much  more  easiij  prccipi- 
tftted  by  acids,  and  ita  colloidal  particles  are  of  larger  aizc.  The  para- 
casein forms  with  calcium  au  insoluble  calcium  salt,  calcium  paracosciu- 
ate,  and  this  precipitate  doUi  the  milk.  The  molecular  weight  of  cotteiu, 
according  to  Van  Slyke,  is  about  8,500,  that  of  parncasoin  about  4^00. 
Ue  believes  ttiat  reonin  splits  casein  into  two  moleeules  of  paracasein. 

The  action  of  reiinin  appeai-s,  therefore,  to  be  nothing  more  than 
the  early  stages  of  digestion  or  hydrolyais  of  the  casein  molecule.  Casein 
dots  when  digested,  for  the  reason  that  one  of  tlte  early  mcla-proloin 
hydrolyiic  products  forms  with  calcium  an  in&olublo  compound.  Tho 
action  of  reunin  thus  appears  to  bo  simply  the  action  of  a  proteolytic 
ferment-,  and  it  is  art  interesting  fact  that  all  proteolytic  enzymes  appear 
to  act  similarly,  altiiougli  they  dilfer  eonsidcrably  in  their  power.  Thus 
not  only  does  the  gastric  juice  clot  milk,  but  so  will  pancreatic  juice, 
the  juice  of  the  intestine,  the  juice  of  the  pineapple,  of  the  cocoanut,  the 
secretions  of  many  bacteria  and  the  c:(tracts  of  some  crueifera:.  lu  fact, 
wherever  in  nature  one  Uuds  a  proteolytic  em;ym&  there  one  liuds  alao 
a  milk-clotting  enzyme.  It  may  bu  concluded  from  this  ciUier  that 
the  eni^mc,  rcnnin,  is  very  widespread  in  nature,  coofitantty  accom- 
panying proteolytic  enzymes;  or  that  the  clotting  of  casein  solutions  is 
an  indirect  result  of  the  proteolytic  cleavage  of  the  molecules  of  casein. 
The  latter  conelusion  seems  the  more  probable. 

The  foregoing  conclusion  docs  not  mean,  however,  that  rennin  and 
pepsin  arc  identical.  This  is  a  matter  in  dispute  at  the  present  time 
and  a  brief  esaminatiou  of  the  facts  iu  the  case  will  be  worth  while. 

If  it  were  possible  to  obtain  a  solution  vrbidi  had  peptic  but  no 
clotting  action,  or  vice  versa,  it  might  be  inferred  that  the  two  sub- 
stances  were  different.  Hammareten  found  that  it  is  indeed  possible  to 
prepare  solulions  which  have  one  but  not  the  other  action.  By  healing 
pepfiiu  solutions  for  several  hours  at  40°  C.  they  lose  their  rennin  but 
not  their  pepsin  action;  if  precipitated  by  lead  acetate  or  magnesium 
carbonate,  pepsin  is  completely  precipitated,  but  a  part  at  least  of  the 
remiin  still  remains  iu  the  solution.  The  most  striking  fact  iudicatira 
of  a  difference  butwccn  these  two  ferments  is  that  peptic  digestion  takei 
place  only  in  acid  solution,  whereas  rennin  coagulation  will  occur  in 
neutral  or  amphoteric  solution.  These  facts  all  look  as  if  tho  ferments 
were  two  different  suhfilances.  There  is  no  doubt,  however,  that  pepsin 
has  a  coagulating  aL-tion  on  milk.  Thus  Hammarsten  tried  the  following 
expcriraent ;  A  pt-psiii  solution,  which  had  been  heated  48  hours  at  40'  C. 
to  make  its  rennin  action  very  weak,  after  neutral tzatiou  coagulated 
milk  only  after  6  lioura  and  10  minutes  when  added  in  tlic  proportion 
of  1 :5.  By  the  addition  of  IICI  the  neutral  solution  was  brought  to 
an  acidity  of  .1  per  cent.  UCI  and  it  coagulated  now  in  Vi  minutes.    A 
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control  showed  tliat:  thin  coagulation  was  not  due  to  the  acid.  Another 
solution  of  rennin,  which  according  to  Uammarsten  was  pepsin-free, 
was  diluted  with  wutcr  so  that  it  coagulated  milk  only  after  45  minutes; 
it  vu  then  made  acid  to  .1  per  cent.  HCl  and  it  coagulated  only  after  20 
minates.  The  addition  of  acid,  tJiercforc,  accelerated  the  action  of  the 
solution  wliich  contained  much  pepsin  but  little  rennin  far  more  than 
it  did  the  solution  uoutainiug  rennin  but  no  popfiin.  The  clotting  in  the 
Urst  juice  mu^  tliereforc,  have  been  due  to  the  pepsin. 

Experiments  nimilftr  to  these  have  been  carried  out  by  ScKmidt- 
Niolasen.  He  heated  an  acid  extract  of  calves'  mucosB  so  long  at  40'  C. 
that  on  neutralizing  it  with  d/10  NaOH  tJie  neutral  fluid  added  to 
milk  in  the  proportion  of  1:5  coagulated  the  milk  only  after  4-6  hours 
at  38*.  This  solution  he  called  A.  Another  portion  of  the  same  extract 
waa  not  heated,  but  was  diluted  with  water  and  neutralized  with 
n/10  NaOH  until  it  had  a  rennin  action  approximateiy  equal  to  solu- 
tion A.  These  two  solutions,  A  and  B,  when  neutral  had,  then,  the  same 
coB£alating  action  and  presumably  had  the  same  content  of  rennin.  If 
now  there  is  only  one  ferment  in  tJie  juice,  tJion  if  acid  is  added  to 
each  of  these  solutions  they  ought  to  he  affected  to  the  same  degree  and 
they  ahouid  have  the  some  action  on  milk  and  fihrin.  The  re^alts  were 
as  follows : 

SDlutlunA.    WmhhiI.  8olnt>(>u  p.    ?(ut  WKmrd. 

Xlate  tot  co«pil<UOD  T'U'u  t"r  onguUUor, 

1.    Neutral    milk    370  minutea  335  minutet 

Acid  milk 3        "  216 

fibrin  digetUoa   3  boun  )><>  lioun 

Z.     N«atrU    millc    420  tnlntiU*  360  miiiutM 

Acid  milk 18        "  250 

fibrin  iligntLion 3-4  hours  80  hour*. 

It  is  clear  from  these  experiments  that,  aliliough  solution  B  had  a 
little  stronger  action  in  the  neutral  solution  and  so  presumably  cml- 
tained  more  rennin.  yet  the  addition  of  acid  ailccted  the  two  solutions 
to  very  different  degi-ees,  A  being  enormously  accelerated  by  the  acid 
both  in  its  eoagulative  and  in  its  digestive  power;  whereas  B  was  only 
slightly  accelerated  hy  llic  acid  and  had  a  very  weak  digtwtive  power. 
The  heating  must  have  destroyed  most  of  the  rennin  (or  changed  it  to 
pepsin)  and  the  coagulation  tn  the  acid  solution  must  hence  be  duo  in 
chief  measure  to  the  pepsin,  which  is  thus  sliown  to  have  a  clotting 
action.  It  has  tliia  clotting  uclton  only  in  an  acid  medium.  There  se«ins 
to  be  no  escape  from  Sclimidt-Nielsscn's  conclusion  that  the  two  fer- 
racnta  are  not  identical,  or  as  he  sayti.  "  that  enxyme  which  coagulates 
neutral  milk,  chymosin,  cannot  be  identipal  with  pepsin." 

A  difference  between  the  ferments  is  also  shown  by  the  time  law 
of  the  coagnlation.    Thus  for  rennin  in  neutral  solution  the  product 


DIQBSnOK    IK   THE  STOMACB 


sra 


I 


ot  the  lime  of  coagulation  hy  the  ferment  concentration  is  a  constant ; 
if  one  ailda  half  tlie  quantity  of  reoDin,  the  time  of  coagulation  is 
double,  or  C,  t=K.  C ,  is  the  concentration  of  Uio  fBrmeut.  Schmidt- 
Nidsen  found  that  the  coagalation  time  in  acid  milk  did  not  follow 
this  tiimplc  proportionality  law,  as  may  be  seen  in  the  following 
experiment: 
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An  experiment  showing  the  offect  of  acid  in  accclorating  the  clotting 
action  of  the  pep&in-rieb,  rconin-jwwr  solution  is  the  following; 


RC'I  In  (sIlk-enxjDienililat*  — 
per  cool. 

0.42 

0.U 
0,17 
0.08 

0.00 


Cii«£aUli»n  lime— 

iO 
Not  dettfuiBAd 


Otlier  points  of  difference  between  tbc  enzymes  Ilstc  been  pointed 
out  by  Bang.  Further  evidence  that  there  are  at  least  two  different 
enz^-mcs  is  the  fact  that  the  infusion  of  calf's  stomacb  has  a  powerful 
clotting  action,  hut  a  weak  digestive  action  on  egg  white;  whereas  the 
infusion  of  the  pig's  stomach  has  a  powerful  digestive  but  a  weaker 
dotting  action. 

Tliia  view  of  the  ditfereoce  of  the  two  enzymes  does  not  Rtmid  unop- 
posed. Pawlow  and  bis  pupils  have  established  many  facts  which  Uiey 
have  interpreted  to  mean  that  the  two  ferments  are  the  same.  Pawlow 
at  first  calls  attention  to  the  fact,  so  extremely  signifn-ant,  iJkiI  one 
always  finds  a  clotting  action  wherever  one  finds  a  proteolytic  enzyme. 
This  is  Iruo  even  in  the  case  of  plant  enzymes  which  could  never  have 
been  elaborated  to  act  upon  milk.  This,  be  maintains,  shows  that  all 
proteolytic  eusymcs  coagulate  milk  and,  vit-o  versa,  the  coagulation  of 
tnilk  is  cau&wd  by  a  proteolytia  enzyme,  a  conclusion  which  has  been 
supported  by  the  discovciy  of  Ibe  character  of  the  change  in  the  casein 
accompanying  clotting.  They  were  unable  to  prepare  rennin  solutions 
which  were  free  from  proteolytic  power  and  pepsin  solutions  which 
were  free  from  a  rennin  action.  Pawlow  and  Paraatchuli  experimented 
with  gastric  juice  of  on  adult  dog  obtained  by  sham  feeding.  They 
found  that  bread  juice  has  a  stronger  milk-clotting  action  as  well  as  a 
stronger  proteolytic  action.  One  of  their  experiments  consisted  in  taking 
three  samples  of  juice:  I,  milk  juice;  2,  meat;  and,  3,  bread  juice. 
These  at  the  start  bad  very  different  proteolytic  actions.    By  dilution 
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th^  were  made  of  equal  pepsin  eoatent  and  timn  they  were  tested  to 
see  whether  they  were  now  equal  in  clotting  power.  The  experiment  was 
as  follows: 


NUklalM 

liMEJuiea                 1 

Or«A4  IdIm 

I>tije<ll<«  (WW  at 

lUiil-  eai  alb. 
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(.'MU.   UtlH  — 
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OhnxUn 
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Onu.  ttna— 
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AO 
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35 

es 

3.1] 
4. OS 
3^ 
•1.0 
3.6 

SJE5 

3.0 

3.2 

S.0 

9J6 

ft.K 

6.4 
&4 
6.« 

0.76    M 
O.TS    1 
5.5       1 

It  will  be  noticed  tiiat  the  bread  juiec  coagulates  in  the  shortest  time 
and  is  the  mueit  powt:rful  dig(»tunt,  and  tlie  miUc  juice  is  the  weakest. 
To  show  that  when  tboj  have  the  same  peptic  content  the  coagulation 
time  is  the  same,  a  sample  of  each  kind  of  jui«e  was  taken  and  the 
amount  of  pepsin  luado  the  same  iu  eaeh  by  dilution,  acvordlug  to  the 
law  of  Schilta  and  Boriti^w  by  wliidi  the  amount  of  pepHin  is  jiropor- 
tioual  to  the  square  of  the  egg  albumin  dig<e8ted  iu  a  Mett'ii  tube.  At 
the  start  tlic  brea<l  juice  digostcd  5.8  mm.,  the  mcjit  2.8  and  the  milk 
2.0  mm.  of  Kgg  albumin  in  liic  name  time.  The  pcpiun  iu  these  samples 
was  then  in  tlic  proportion  of  the  nquarcs,  or  33.64 :7.S4  ;4.0.  By  dilution 
with  acid  Uiey  were  made  equal  in  pepsin  and  acid.  Equal  amounts 
of  the  juices  then  coagulated  milk  roapoetivoty  in  190  minutes,  190 
minutes  and  195  minutes.  It  will  be  observed  that  this  is  iu  an  add 
solution.  It  was  found,  also,  tlmt  when  tlie  juice  was  kept  in  a  thermo- 
stat it  lost  both  actions  al  the  same  rate  and  both  disappeared  at  the 
same  time.  Moreover,  on  heating  live  minutes  at  varying  temperatures 
from  15"  to  62*,  the  eougulation  power  and  the  pepsin  action  fell 
together,  and  botli  disappeared  at  the  same  temperature,  namely  with 
&ve  Diinates'  beating  at  62'  C. 

Although  these  experiments  were  interpreted  by  their  authors  aa 
being  iu  opposition  to  those  of  Hanimarston,  they  are  in  reality  not  so. 
nammarslen's  work  was  done  on  the  neutral  infusions  of  calf's  stomaeti 
and  the  clotting  of  neutral  milk  was  studied.  What  Pawlow  and 
Parastchuk  have  really  sliowu  is  Umt  in  dog's  gastric  juice  pepsin  has 
a  rennin  action;  and,  probably,  liiat  iu  the  stomach  of  an  adult  dog 
gastric  juice  contains  no  specific  rennin  cnsyme,  the  rennin  e£Eecl  being 
due  to  pepsin. 

The  experiments  prove  that  in  the  slotnacbs  of  calves  there  is  present 
in  addition  to  pepsin  an  enzyme  which  will  clot  milk  in  neutral  solutitm, 
and  this  enzyme  was  tlie  one  originally  called  rennin  or  chymosin. 

The  conclusion  seems  justiSed  that  the  coagulation  of  milk  is  not 
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a  specific  function  of  any  single  enzyme,  but  ihat  it  is  a  greneral  prop- 
erty of  all  proteolytic  ferments.  The  clotling  is  due  to  the  fact  that 
one  of  t}ie  first  products  of  Uio  deeomponitinn  of  tlic  cAsein  forms  aa 
insoluble  calcium  compound  which  8c1h  or  gels.  In  the  mucosa  of  the 
stomacli  there  may  be,  and  no  doubt  are,  more  tlian  one  proteolytic 
enzyme.  There  can  hardly  be  a  doubt  that  the  mucosa  of  the  stomach 
does  produce  different  proteolytic  enzymes  in  dilTereut  portions  of  the 
stomach.  Tlie  fundus  glands  produce  pepsin,  that  is  an  enzyme  aetive 
only  in  an  acid  medium  and  easily  destroyed  by  slight  alkalinity.  The 
pyloric  extract,  on  tlie  other  haud,  is  known  to  furnish  an  extraet  which 
is  active  not  only  in  an  acid  medium  but  also  iu  a  neutral  medium.  It 
must,  therefore,  contain  proteolytic  enzymes  more  allied  to  trypsin  and 
erepsin.  It  is  not  strange,  therefore,  tJiat  mote  than  a  single  proteolytic 
(>nx>-me  should  exist  in  f.he  gastric  juice  and  be  present  in  varj-ing  pro- 
portions at  different  ages.  It  has  been  observed,  indeed,  that  in  tho 
course  of  development  ereptic  enzymes  which  act  on  certain  native  pro- 
teins and  atbumoses  appear  in  the  tissues  before  pepsin,  which  is  the 
specific  enzyme  of  the  stomach.  A  /^-albumoseasc  (erepain)  has  been 
found  in  gastric  juice. 

The  facts  clearly  indicate  that  the  coa^Iatioo  of  milk  in  a  neutral 
solution,  a  power  particularly  developed  in  the  stomachs  of  suckling 
animals  such  as  the  calf,  is  due  to  a  particular  proteolytic  enzj-me  of 
the  ereptie  type  active  in  nputral  or  very  faintly  aeid  solution,  This 
particular  ereptic  ferment  is  rennin  (chymosin).  But  in  tlie  adult 
stomach,  particularly  of  carnivora,  the  amotint  of  this  enzyme  is  greatly 
reduced,  or  it  may  be  absent,  and  the  clotting  of  acid  millt  by  tltc  gastric 
juice  of  these  animals  is  a  result  chiefly  or  entirely  of  the  activity  of 
pepsin.  Tito  clotting  of  milk  is,  then,  no  test  for  the  presence  of  a 
specific  ferment  for  casein,  and,  since  other  ferments  tban  pepsin  clot 
milk,  the  use  of  Ibe  time  of  clotting  as  a  t<wt  for  pepsin  in  gastric  con- 
tents is  entirely  unwarranted.  It  is  extremely  signlfieant  m  this  con- 
nection that  erepsin  and  ereptic  fcrmenl-s.  although  they  do  not  nor- 
mally digest  native  proteins,  but  only  nlhnmosw,  do  attack  and  digest 
casein,  and  that  casein  is  one  of  the  most  unstable  nnd  easily  liydrolyzed 
proteins  known. 
H  The  question  may  be  asked  whether  anything  is  pained  by  having 
in  the  stomachs  of  the  new-liorn  an  enzyme  which  will  elot  and  digest 
milk  in  a  neutral  or  very  faintly  aitid  medium.  The  answer  to  this 
K  question  is  not  difficult,  for  the  advantages  are  obvious.  Tlie  mucous 
^  membrane  of  a  child's  stomach  is  extremely  delicate;  it  is  very  thin 
and  so  sensitive  that  it  cannot  bear  even  the  firm  elot  of  cow's  milk. 

I  It  cannot  stand  much  acid.    Milk  is  a  liquid  and  liquids  normally  pass 
Qnickly  through  the  stomach  into  the  intestine.    By  having  a  proteelytic 
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enzyme  acting  in  &  neutral  or  amphoteric  medium  on  casein  the  milk  is 
clotted  in  the  atomach,  even  when  the  secretion  is  only  faintly  acid.  The 
fluid  portions  are  passed  on,  but  the  curds  are  held  for  digestion  by  the 
rennin  and,  as  acidity  develops,  by  Uie  pepsin  also. 

Salivary  and  intestinal  digestion  in  the  stomach. — The  food  while 
in  the  stomach  ia  acted  upon  not  only  by  the  juices  secreted  by  this  organ. 
Saliva  swolloned  with  the  food  continues  to  act;  and  there  is.  at  times, 
a  regurgitation  of  tligestive  juices  from  the  int<«tine  so  extensive  that 
the  etomach  digestion  may  partake  largely  of  the  type  of  intestinal 
digestion. 

The  saliva  continues  to  act  in  the  fundus  end  of  the  stomach  for  a 
period  longer  or  shorter,  depending  on  the  size  and  character  of  the 
meal  and  the  amount  of  gastric  juice.  The  center  of  the  mass  of  food 
tn  the  fundus  end  of  the  stomach  does  not  become  sxiffieiently  acid  to 
slop  ptyalin  action  for  about  an  hour,  on  the  average,  after  the  food  is 
eaten  {see  page  335).  Duriug  this  time  ptyalin  is  active  and  we  now 
know  that  starch  digestion  can  proceed  well  toward  its  end  in  the 
stomach.  Moreover,  we  have  always  the  action  of  the  bacteria.  These 
are  killed  for  the  most  part  when  the  juice  is  acid,  but  in  hypochlorhy- 
dria,  or  when  the  motility  of  the  stomacli  is  depressed,  the  activity  of 
Ihe  bacteria  may  be  a  source  of  much  discomfort.  By  the  fermentation 
by  bacilli  of  a  lactic  acid  tj-pe.  or  the  but>Tic  acid  bacillus,  or  various 
sarcioas,  lactic,  butyric  or  acetic  acids  may  be  formed,  and  large  quanti- 
ties of  hydrogen,  or  carbonic  acid  gas  evolved.  A  sufHcient  amount  of 
gastric  juice  to  produce  rapid  acidity  will  prevent  this  bacterial  growth. 
Hence,  if  much  hydroehlorie  acid  is  formed,  there  in  little  lactic  aeid 
produced. 

StitI  another  factor  enters  into  the  gastric  digestion :  namely,  the 
regurgitation  of  bile,  pancreatic  and  duodenal  juice  into  the  stomach. 
This  ordinarily  occurs  to  a  relatively  slight  extent,  but  under  certain 
conditions  it  may  result  in  the  digestion  becoming  of  a  real  intestinal 
nature.  This  fact,  discovered  by  Boldyreff,  haa  been  taken  advantage 
of  by  him  for  obtaining  pancreatic  juice  for  clinical  examination.  The 
presence  of  bile  wa&  observed  in  the  stomach  of  Alexis  St.  Blartin,  but 
it  does  not  !H>em  to  have  oecurre<I  to  physiologists  that  the  pancreatic 
juice  might  come  also.  BoldyrcfT  found  that  the  presence  of  fat.  and 
particnlarly  fat  with  fatty  acid  in  it,  caused  this  regurgitation.  Also,  if 
the  stomach  is  more  than  normally  acid,  there  is  a  pouring-in  of  large 
qnantiticti  of  intc-stinal  jiiicc  to  neutralize  the  hyperacidity. 

Summary  of  gastric  digestion. — The  empty  stomach  is  normally 
contracted  on  itself  and  its  cavity  obliterated  so  that  its  walls  are  in 
contact.  Tender  the«e  conditions  the  mucous  membrane  is  white,  or  a 
pale  pink,  thrown  into  folds,  or  rugte,  and  the  surface  ia  covered  wi 
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a  thin  layer  of  mucus  either  alltaliDc,  or  nciitraJ,  or  very  faintly  acid 
ia  reaction.  When  one  is  hungry  the  smcU,  or  sight,  or  the  taste  of 
food  is  suflieieiit  to  start  ihe  socrction,  so  that  before  a  meal  is  eaten 
there  may  be  «oiiie  gastric  juico  present  in  tlie  alomach.  This  juJoe  is 
acid  in  n.'aetion,  due  to  the  presence  in  it  of  hydrochloric  acid,  and  it 
has  a  stronc  solvent  action  on  proteins,  due  to  the  presence  of  an  etiTyme 
called  pepsin.  "When  food  is  eaten  the  stomarh  slowly  rclnx('s  as  the 
food  is  swallowed  and  thus  adapts  itself  to  the  size  of  the  menl  which 
has  been  eaten.  The  food  at  first  accumulates  in  the  funduR  end  of  the 
stomach  in  a  large  bolus,  which  retains  a  very  faint  acid  or  neutral  reac- 
tion in  itH  interior  for  a  conBidcrable  period  end  in  this  bolus  salivary 
digestion  continues  some  time. 

As  soon  as  food  enters  the  stomach,  or  even  before  it  enters,  the 
stomach  bciiina  to  pour  out  the  strongly  acJd  secretion  of  tlie  gaatrie 
glands.  This  juice  attacks  Ihe  exterior  of  this  mass  of  food  and  slowly 
softens,  digests  and  liquefies  the  peripticral  portions  of  it.  At  the  same 
time  movements  of  the  stomach  begin  and  increase  gradually  in  intensity. 
These  movements  arc  in  the  nature  of  peristaltic  constrictions,  which 
appear  at  about  the  junction  of  tho  pyloric  and  fundus  regions  of  the 
stomach  and  then  travel  slowly  toward  the  pylorus.  By  means  of  these 
movements  some  of  the  partially  digested,  softened  portions  of  the 
peripbcr>'  of  the  hotus  of  food  arc  broken  from  the  main  portion  and 
thoroughly  mixed  with  the  digestive  juices. 

At  first  wben  tiic  peristaltic  wave  readies  tbe  pylorus  the  latter  does 
not  open,  but  the  wave  is  reflected  back  again  toward  the  fundus  end 
of  the  stomach,  thus  carrying  the  portions  of  Ihe  food  back  with  it.  By 
the  combined  action  of  the  movements  and  the  solvpnt  action  of  the 
juice,  tlie  mass  of  food  is  slowly  reduced  to  a  state  of  fine  subdivision 
and  solution  in  an  acid  medium  and  this  mixture  of  foods  partly  in  sus- 
pension and  partly  in  solution  is  called  chyme.  Gradually,  as  the  free 
acidity  of  the  juice  increases,  the  vigor  of  the  movements  ineroascs.  As 
llic  peristaltic  waves  reach  the  pylorus  the  latter  relaxes  a  little  and 
some  of  the  more  fluid  portions  of  the  chyme  are  thus  squirted  into  tho 
intestine,  where  they  cause  the  secretion  of  the  juices  of  this  part  of 
the  canal  in  the  manner  shortly  to  be  described.  In  this  manner  the 
stomach  slowly  empties  itself  and  the  food  is  passed  little  by  little  toward 
and  through  the  pylorus.  It  happens  at  times  that  larger  ma.sacs  are 
carried  along  in  the  peristaltic  wave,  but  when  these  masses  strike  the 
pylorus  the  latter  closes  down  upon  them  and  does  not  let  them  pa-ss. 

The  various  foodstuffs  are  acted  upon  in  eneh  a  way  by  the  gastric 
juice  and  the  saliva  that  when  the  contents  leave  tlie  stomach  the  proteins 
have  been  rednce^d  for  the  greater  part  to  the  state  of  acid  albumin  and 
proteoses.    Some  polypeptides,  tri-  and  di-peptides  are  also  in  Uie  chyme. 
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Some  protein  particles  tiavc  not  l)ecn  digested,  however,  and  meat  fibers, 
as  such,  may  pass  the  pylorus  to  be  acted  upon  and  digested  in  tlie  intes- 
tine. The  nnoleins  ar«  not  digested.  The  tats,  if  already  saponified,  have 
been  in  large  part  already  converted  by  the  lipaAa  of  the  stomacli  into 
fatty  acids  and  glycerol,  but  tlie  fats  whii'h  are  not  emulsified,  sncTi  as 
the  fat  of  me^t,  are  passed  tlu-ough  the  pylorus  sdll  as  neutral  fat.  The 
starches  have  been  in  large  measiin:  digested  by  the  amylase  of  the  saliva, 
and  changed  to  dextrios  and  multotw,  so  that  in  the  chyme  both  of  fhi 
are  found;  and  some  of  the  cane  sugar,  if  that  has  been  eaten,  has  been 
inverted  by  the  action  of  the  acid  of  the  juice  and  converted  into  glucose 
and  levulose,  bnt  most  of  the  carbohydrates  are  passed  on  into  the  intes- 
Una  only  partially  digested,  to  await  their  final  digestion  in  that  organ. 

The  bacteria  and  parasites  swallowed  by  the  individual  ha%'c  been 
for  the  most  part  killed  by  the  acid  of  the  juice,  so  that  the  strongi 
acid  chyme  is  nearly  or  quite  sterile. 

The  study  of  the  origin  of  the  pepsin  and  hydrochloric  acid,  which 
are  the  principal  active  constituents  of  the  juice,  has  shown  that  the 
pepsin  is  formed  in  the  cells  of  the  glands  of  the  stomach  and  particu- 
larly the  cells  of  the  fundus  region.  It  exists  in  the  cell  presumably  in 
an  inactive  form  called  pepsinogen,  and  is  made  active  by  tlie  action 
of  the  acid  of  the  juice.  What  cells  form  the  popgin  is  still  uncertain. 
The  origin  of  the  hydrochloric  acid  js  still  very  obscure.  It  ia  formed 
from  the  chlorides  of  the  blood  and  by  the  fundus  part  of  the  stomach. 
The  probability  is  tliat  it  is  formed  in  the  neck  of  the  gastric  glands, 
and  perhaps  all  along  the  surface  of  the  mucous  membrane,  by  the  reab- 
sorption  (selective  adsorptiont)  of  the  basic  part  of  the  chloride  (which 
is  possibly  ammonia)  leaving  the  acid  on  the  outside.  The  stomach  wall 
la  impervious  to  aeid.  It  is  certain  that  the  acid  is  not  formed  by  the 
parietal  cells,  as  was  at  one  lime  believed,  but  for  which  there  never 
was  any  good,  direct  evidence.  The  formation  of  the  acid  is  a  problem 
of  great  importance  which  must  he  left  to  the  future  to  solve. 

The  acidity  of  the  juice  formed  is  subject  to  wide  variation  in  disease, 
and  the  determination  of  the  amount  and  character  of  the  acid  is  of 
diagnostic  value  in  some  stomach  disorders.  The  methods  for  the  inves- 
tigation  of  this  acidity  have  already  been  described.  In  carcinoma  of 
the  stomach  the  acidity  is  generally  below  normal  or  absent;  in  ul< 
the  acidity  is  generally  above  normal. 

The  resistance  of  the  stomach  to  self-digestion  is  due  to  the  fact  that 
the  acid  is  not  able  to  penetrate  the  liWos  protoplnst  of  the  cells  of  the 
membrane;  but  when  they  ore  dead  or  when  their  resistance  is  reduced, 
it  does  so  penetrate  and  then  the  pepsin  digests  the  dead  oi^au.  The 
cells  contain,  also,  a  gubstanoo  which  checks  peptic  aoUon,  an  anti- 
ferment 
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Not  all  of  the  products  of  digestion  pass  out  into  tbe  pylorus.  Ad 
unknown  proportiou,  but  probably  a  small  proportion,  of  the  food  is 
alMorbed  directly  by  the  stom&eh,  according  to  the  most  recent 
investigation. 
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CHAPTER  X. 


DIGESTION  IN  THE  INTESTINE. 


Duodenal  secretion. — The  discharge  of  acid  chyme  into  the  intos- 
tine  causes  the  secretion  of  daodenal  juice.  We  have  novr  to  inqoire  how 
It  catiBOS  it  and  what  ave  the  propi^rtie*!  and  uses  of  the  juioo  thns  poured 
out.  This  brings  uk  to  one  of  the  most  intenwting  of  the  unsolved  prob- 
lem!* of  phyBiology:  namely,  the  true  functions  of  the  duodenum. 

The  duoflrnum  (Latin,  duodeni,  twelve  «ach),  or  the  twelve-finger 
inttstine,  as  Ihe  Germnns  call  it  (ZwolflSnger  Darm),  because  it  is  about 
dteven  inches  or  twelve  finger  breadths  in  length,  is  that  part  of  the 
intestine  extending  from  the  pylonia  to  the  jejunum,  or  the  empty  intes- 
tine, and  it  receives  the  two  very  important  secretions  of  the  liver  and 
the  pancreas  as  well  OS  its  own  pectiltar  one.  It  is  lined  throughout  witli 
a  mucous  momhrnne  which  eontains  a  large  number  of  small  glands,  the 
glands  of  TSrunner. 

The  raechanisra  of  swretion  of  these  glands  has  not  been  sufficiently 
studied,  but  they  pour  into  Ihe  duodenum  a  lance  amount  of  a  strongly 
alkaline,  albuminous  juice.  The  alkalinity  of  the  juice  is  due  to  car- 
bonates and  it  effervesces  strongly  on  the  addition  of  acid.  It  has  by 
itself  very  weak  digestive  powers.  It  contains  some  invertin.  so  that 
it  win  invert  catie  sugar;  and  some  erepsin ;  bvit  its  main  action  is  in 
increasing  the  power  of,  or  of  working  in  oonjanclion  with,  pancreatic 
juice  and  bile. 

The  quantity  of  duodenal  juice  secreted  normally  in  man  cannot  be 
stated,  but  from  a  duodenal  fistula  of  a  loop  cut  off  from  the  intestine 
Land  the  stomarh  an  extraordinarily  large  amount  of  a  clear,  colorless, 
alkaline  (11  ion  content  about  2X10—*  N)  strongly  alhuminotis  fluid  is 
discharged.  In  a  dog  weighing  5  kilos,  50  «.«.  was  secreted  in  120  min- 
illtes.  It  doi!S  not  seem  possible,  or  probable,  that  tlio  secretion  can  under 
normal  cirrumslanees  be  as  large  as  this. 

Enterokinase. — The  duodenal  juice  is  remarkable  because  of  a  su1>> 
Lstance  in  it  called  enierokinase.  meaning  literally  tlii*  active  substance 
of  the  intestine,  which  has  the  property,  when  mixed  with  paniTca.tic 
juioe,  of  enormously  increasing  the  action  of  the  latter  on  proteins.  If, 
for  example,  three  samples  are  prepared  in  three  test-tubea.  one  of  pure 
pancrentic  juice,  one  of  pure  duodenal  juice  and  one  of  a  mixture  of 
leqna]  parts  of  duodenal  and  pancreatic  jnice,  and  a  pioce  of  fibrin  or 
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other  protein  is  introduced  into  each  of  Lbe  lhre«,  th«  mixture  digests 
the  protein  at  once,  while  the  pure  juice  in  each  cum  loaves  it  almost 
unaffected. 

Enterokina^  is  fouud  In  the  mucous  membrane  of  the  duodenum  and 
may  be  extracted  with  dilute  bicarbonate  solution.  It  is  destroyed  by 
heating.  It  is  found  in  the  intestines  of  all  the  vcrlebrates.  In  the  dog- 
fiih  (Elasmohraneh),  Muatclus  canis,  one  finds  none  of  it  in  the  stomaoli 
mucosa,  but  it  is  found  all  along  the  intestine  mucosa  nearly  to  the 
rectum,  but  the  larger  quantities  are  found  in  the  upper  part.  It  is 
supposed  to  act  by  converting  au  inaclivr  trypsinogeri  in  (he  piim-n'atic 
juice  into  active  trypsin,  but  the  evidence  of  thia  is  still  uncertain, 
although  this  interpretation  ta  probable  It  is  daimvd  by  some  that 
enlerokinase,  or  substances  of  a  similar  property,  arc  found  in  leucocytes 
and  other  cells,  but  this  is  denied  by  Bsyliss  and  Starling.  It  is  cer- 
tainty found  nowhere  rise  in  the  do^sli  than  in  the  mucous  membrane 
of  the  intestine.  A  small  amount  of  enterokuiase  is  able  to  Increase  the 
digestive  activity  of  the  pancreatic  juice  on  proteins  very  strongly,  and 
for  this  reason  it  is  thought  to  be  a  ferment  itself. 

Other  enzymes  in  duodenal  juice. — Besides  containing  enterolcLua.se, 
the  duodenal  juice  is  important  in  digestion  on  account  of  its  alkaline 
reaction,  by  which  it  aids  in  the  neutralizntion  of  the  acid  chyme  coming 
from  tha  stomach,  and  because  of  tlie  cnrbohyrirntc  enzjTiies  invertin, 
malta$e  and  lactase  it  contains  which  give  it  a  powerful  action  on  the 
diftaccharides  cane  sugar,  maltose  and  lactose,  converting  these  to  mono* 
saccharides. 

Other  functions  of  the  duodenum. — There  are  also  certain  facts 
about  the  juice  which  ai-e  well  deserving  of  farther  investigation.  It 
seems  to  be  necessary  to  life.  fJogs  live  for  long  periods  if  the  bile  and 
pancreatic  juice  are  diverted  from  the  body  by  fistulaji;  but  if  the 
duodenal  juice  is  pompletely  diverted  to  thp  outside,  they  rarely  live 
more  than  48  hours.  If.  for  example,  a  ligature  is  placed  about  the 
pyloms,  so  that  duodenal  juice  cannot  go  hack  into  the  Rtomach,  and 
the  dnodemim  is  cnt  away  from  the  intestine  about  six  inrhes  from^^l 
the  pylorus,  a  gastro-o-nlerostomy  being  made  so  that  thr>  Fnoil  can  paav^^H 
from  the  stomach  to  the  intestine,  and  if  the  duodenal  sac  thus  made 
is  drained  to  the  exterior  by  a  fistula,  or  if  the  duodenum  be  (akcn  out 
entirely,  no  serious  symptoms  show  ihemselvea  for  24  or  36  hours,  but 
TSiy  shortly  afterwards  tlie  dogs  die.  If,  however,  the  duoileinim  is  left 
in  ponneetion  with  the  pylonw.  being  cut  off  at  its  lower  end.  so  that 
the  juice  can  get  back  into  the  stomach  and  so  into  the  intestine;  or  if, 
after  tying  both  ends  of  the  diindenum,  a  rubber  tube  is  nonnet^tcd  with 
the  duodenum  and  the  jejunum  so  that  thf  juice  can  paw4  nlon^  it,  no 
seiiottB  results  follow  the  operation.    Indeed,  extirpation  of  the  first 
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sii  inches  of  the  dog's  duodenum  U  invariably  falal  in  the  experiments 
reported.  Similar  fatal  results  have  bcea  rciwrtec!  in  huninn  bciugs. 
following  resection  of  the  duodenum.  Tlie  cause  of  death  is  still  obwrurc. 
Whether  it  is  due  to  the  rapid  accretion  of  some  necessary  substance 
through  the  duodenum  to  the  exterior;  or  whether  it  is  due  to  the  duo- 
deuum  making  Bomctliing  which  is  necessary  to  the  functioning  of 
ilic  gat  lower  dovrn,  or  whether  it  is  due  to  some  otlier  cause,  is  quite 
imknown. 

Excretory  function  of  duodenum. — The  duodenal  juice  may  ha-ve 
in  it  not  only  its  normal  const ilueu Is.  but  mauy  subatancwi  arc  excreted 
here.  Thus  sugars  of  various  kinds  put  directly  into  the  blood  arc 
excreted  into  the  duodenum  uud  reabsorbed  farther  down.  This  fact 
makes  the  interpretation  of  metabolism  oxporiments  in  which  sugars  are 
injected  directly  into  the  hlood  very  difUcult,  beeaiisc  one  cannot  easily 
tell  whether  the  sugar  is  used  directly,  or  only  indirectly  after  its  exerc- 
tJon  and  reabsorption.  So,  also,  morphine  is  e.x^creted  here,  and  potas- 
sium ferrocyanide  and  many  metals  when  they  arc  injected  subcutaoe- 
ousl^',  or  intravenously  ;  indeed,  this  part  of  the  in  tcstine  is  au  importanC 
excretory  organ,  which  functions  capecially  in  cases  of  renal  in* 
suffieience. 

Pancreatic  juice. — Clasely  applied  to  the  duodenum,  or  lying  in 
the  mesentery  by  its  .side,  is  the  pancreatic  gland,  a  digpstivi!  organ  of 
tJie  first  importance  which  pours  its  .secretion  into  the  duodmuira  through 
two  main  ducts,  the  duct  of  Wirsimg  and  the  duct  of  Santorinl.  There 
may  be,  also,  subsidiary  ducts  between  these  two.  The  latter  of  these 
ducts  opens  in  human  beings  about  five  and  three-fourths  inches  below 
the  pylorus;  the  former,  in  common  with  the  bile  duct,  about  four  inolies 
(9-10  cms.)  below  the  pylorus. 

The  panctvjas,  like  the  other  digestive  glands,  doe»  not  secrete  con- 
stantly, but  only  intermittently  when  iUt  secretion  is  needed.  Its  strongly 
alkaline  secretion  gu.shcs  forth,  togt^lher  with  the  bile  and  the  duodenal 
juice,  when  the  acid  rhyme  is  squirted  Ihrougli  tlic  pylorus  into  the 
intestine,  and  it  is  continued  until  Ibe  a-^idity  of  this  chyme  is 
neutralized. 

Compoaition  of  human  pancreatic  juice. — lluman  pancreatic  juiec 
has  been  obtained  from  artificial  pancreatic  fistulas.  The  juice  is  alka- 
line to  litrau-S,  due  to  the  presence  in  it  of  sodium  carbonate;  it  is  aa 
dear  as  water  and  coagulates  on  beating.  The  pancreatic  juice  of  the 
dog  obtained  on  stimulating  the  vagi  or  by  the  action  of  pilocarpine 
may  contain  so  much  protein  that  when  heated  it  forni.s  a  solid  coagulura. 
The  freexing  point  of  human  pancreatic  juice  is  above  that  of  the  blood; 
J.C.,  — 0.42°  to  —0.49*.  To  neutralize  it,  using  litmus  as  an  indicator, 
by  titration  it  requires  for  1  c.c  of  juie«  0.1-0.15  «.c.  of  N/10  IICl.    The 
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neulralized  juice  becomes  turbid  at  47'  C.  and  eoJiguIatcs  between  57' 
aad  59*  (WolilgcmuUi).  It  is  prct-ipitatcil  by  sn  ci)ual  toIuiur  of  satu- 
rated (NU*),80t.  The  following  is  the  compoflition  of  the  juice 
ciamined  hy  Glneaoer  and  WoblRemutli: 


W«ter  

Solids 

Coft^Ubi*  proteiB 

Nitrofen   

Aloobo)  BOlllblC  ■UbatEIMK* 


9B.72 
1. 27 
.174 

0.fi08 


8pecll!l«  gravis XWHJ6 


Aah: 

K    1.1056 

Nft  ....  3«.ffi( 


CI   50 -fl  PO^    ... 

BO,    ....  2.0JS  SOj    .... 

Trace*  »i  C%,  Mg,  Fo,  SiO,.  CO,  «.U% 


Wahlganlilli 
98.70 

1.30 
0.011.1 
0.0813 
0.S23 
IQ0T.I3 


..  0.M 


This  is  the  s«cretiou  from  a  pomiancnt  fistula.  The  secretion  of  the 
Bnt  juict!  secreted  from  the  dog's  pancreas  on  opening  the  duct  ia  far 
more  concentrated  than  tliis.  It  may  contain  nearly  10  per  cent,  of 
solids,  9  per  cent  being  organic  matter.  The  concentration  of  hydroxyl 
ions  in  dog's  paiit-reatic  juice  is  equal  to  N/10,000  (Foa). 

Control  of  the  secretion  of  the  pancreas. — How  the  secretion  of  ths^_ 
pancreas  is  controlled  brings  us  to  one  of  tlie  most  interesting  of  rcceutlj^^H 
discovered  facts  concerning  the  chemieaJ  meaiiengGrs  of  the  body.     To 
understand  what  follows  we  must  have  some  knowledge  of  the  structure, 
blood  and  nerve  supply  of  this  vital  organ. 

It  is  a  relatively  small  organ  weighing  in  the  human  adult  about 
87  grams.  It  is  a  tubular  gland,  the  secreting  ceils  being  in  acini  and 
they  are  filled,  or  more  than  half  filled,  with  granules  which  during 
secretiMi  disappear  from  the  cells  and  are  replaced  by  a  clear  non- 
granular protoplajim  coDtalnlng  mitochondria.  Figure  42.  The  gland 
in  the  guinea  pig  and  rabbit  is  very  tliin  and  spread  out  iu  tlie  mesentery ; 
and  with  a  little  care  a  loop  ot  tlie  intoitine  containing  the  organ  in 
the  mesentery  may  be  so  placed  on  a  microscope  stage  Uiat  the  gland  may 
be  watchei)  secreting  in  the  Uviitf?  state.  The  blood  may  be  seen  circu- 
lating about  the  ImIsc  oE  the  cells  and  the  granules  are  rlearly  visible  near 
the  lumen.  No  structure  could  be  eocn  by  the  author  iu  Uie  bases  of 
these  celts,  but  only  a  clear  protoplasm,  and  the  granules  eould  not  b« 
sean  to  move  in  the  cell  itself.  On  stimulation  of  the  vagus  nerve  the 
bases  of  the  eells  se«iDcd  to  be  a  little  more  indented  between  tlie  cells, 
but  no  otlier  change  was  visible.  Mitocliondria  may,  however,  be  seen 
in  the  base  of  the  living  cell  when  appropriate  methods  are  used. 

The  blood  supply  is  from  the  pantTuatic  arlery  and  tlie  blood  returns 
by  the  pancreatic  vein  into  the  mesenteric  and  ultimately  into  the  portal 
vein,  so  thai  the  blood  after  passing  through  the  pancreas  goes  through 
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the  liver.  There  Is  a  double  neire  supply,  fibers  coming  iMth  from  the 
va^  ner\-cs,  sometimes  from  one  more  tbaa  the  other,  ami  from  thi> 
splanchnics.  Stimulation  of  ijiese  nerves  under  certain  conditions  causes 
HOcretioo  from  the  pancreas.  With  this  preliminary  statement  wc  may 
approach  the  problem  of  how  the  presence  of  chyme  iu  the  intestine 
can&es  the  pancreas  to  aecrote. 

Secretin. — Since  most  organs  arc  controlled  by  nerves,  one  naturally 
thinks  of  h  nervous  reflex.    The  aeiJ  chyme  may  bo  supposed  either 
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din«tly,  or  indirectly  by  changes  it  iuducce  in  the  mucosa,  to  stimulate 
sensory  nerve  ends.  Everyone  knows  how  acids  will  stimulate  such 
endings  or  such  ner\'cs  in  the  skin  and  they  may  act  in  the  name  manner 
in  the  intestine.  Such  impiiUcs  may  ascend  the  \&gi  nerves  to  the  brain 
and  be  reflected  back  over  the  vagi,  or  splanchmos,  or  both,  causing  a 
dilation  of  blood  vessels  in  the  organ  and  a  seereUoa  of  its  stored  jtiice. 
This  explanation  appeared  quite  satisfaetory  until  it  was  discovered 
that  after  all  nerves  going  to  the  pancreas  were  cut,  putting  acid  into 
the  duodenum  still  caused  secretion  from  the  gland.  The  firet  interpre- 
tation of  this  unexpected  result  was  that  tlicrc  must  be  a  local  reflex 
mccbanisni ;  that  the  impulses  did  not  need  go  to  Uie  bratn,  but  were 
reflected  through  a  local  ganglion  and  so  to  tlie  nerves  of  the  organ.  It 
is  very  difficult,  if  not  impossible,  to  prove  that  this  is  not  the  case,  but 
it  was  very  soon  found  that  certainly  another  mechanism  difTerent  from 
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this  was  called  into  ploy.  Bayllss  and  Starling  discovered  that  an  acid 
infiuioti  of  the  mucous  membrane  of  the  duodenum  and  the  intestine 
when  noutraliKed  and  injected  into  the  blood  caused  sect-etion  from  the 
pancreas  and  liver,  whereas  acid  infusions  of  other  organs  of  the  bodj^ 
had  DO  sacli  action.  There  was  no  doubt  that  a  sabstance  existed  in 
tlio  mucous  membrane  of  the  intestine,  duodenum  and  jejunum,  whieh 
could  he  extracted  by  boiling  dilute  acid,  which  was  not  protein  or 
coa^Iublc,  which  was  soluble  in  alcohol,  and  which  caused,  when  injected 
into  the  blood,  secretion  of  the  pancreas  and  liver.  It  caused,  also,  a 
marked  fall  of  blood  pressure  and  a  diminution  of  coa^lability  of  the 
blood,  although  these  effects  may  be  due  to  another  substance  than  that 
causing  secretion.  This  substance,  stimulating  secretion,  they  called 
"  secretin  "  because  of  its  action  on  the  pancreas.  This  discovery  sug- 
gested at  once  the  passibility  that  the  presence  of  acid  chyrae  in  the 
intestine  sets  free  secretin  in  the  mucosa;  and  that  some  of  this  secretin 
gcrs  into  the  blood  and  malces  the  pancreas  secrete. 

The  fact  that  such  a  substance  exists  in  the  mucosa  does  not  ueces- 
sarily  mean  that  the  substance  is  actively  engaged  in  the  normal  secre- 
tion. To  prove  this  it  was  necessary  to  prove  that  btood  from  animals 
actively  secreting  pancreatic  juice  really  contained  enough  secretin  to 
cause  secretion.  This  proof  was  obtained  by  making  a  cross  circulation 
in  two  dogs,  by  anastomosing  the  arteries  with  the  veins.  Cannulas 
were  put  in  Uie  pancreatic  ducts  of  both  dogs  and  then  acid  was  place<l 
in  the  dnodenum  of  one  dog.  Under  tliese  circumstances  both  pan- 
creases secreted.  This  experiment  shows  that  secretin  actually  enters 
the  blood  when  acid  is  put  in  the  duodenum  and  that  the  amount  ia 
sufficient  to  cause  the  pancreas  to  secrete.  Bayliss  and  Starling  propose 
to  call  such  chemical  mccBengers  as  secretin,  which  arouse  other  organs 
of  the  body,  "  hormones,"  from  the  Greek,  homtvn,  "  I  rouse  to  activ- 
ity." Adrenalin  is  another  hormone  which  in  some  particulars  resem- 
bles secretin. 

It  has  be«n  incorrectly  inferred  by  some  authors  that  this  discovery 
means  that  llie  nervous  system  is  not  concerned  in  the  secretion  of  the 
pancreas,  but  this  is  of  course  not  true.  It  is  unlikely  that  the  nervous 
mechaoism  ploys  no  part  in  the  secretion.  The  existence  of  this  meohan- 
ism  can  be  proved  by  directly  stimulatiug  the  nerves,  causing  thereby 
a  copious  secretion.  Of  course  in  this  case,  just  as  with  the  supra-renals 
and  splanclinics  (page  774),  it  is  very  difBcuIt  to  prove  that  the  secretion 
accompanying  vagi  stimulation  ia  not  due  to  the  nerves  acting  on  the 
daodennm  or  stomach  so  as  to  cause  secretion  of  secretlo,  which  then 
indirectly  arouses  the  pancreas.  A  certain  argument  from  analogy  may 
be  made  for  this  conclusion.  For  example,  it  is  known  that  when  the 
sympathetic  b  cut  and  degenerates,  organs  supplied   by   this  nerve 
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become  more  than  oiguolly  sensitive  to  iha  action  of  adrenalin,  so  that 
after  di^-ision  of  the  cervical  sympathctje  on  one  side  tho  pupil  of  tho 
eye  on  that  side  will  dilato  after  amouuts  of  adreualiu  have  been 
injected  too  small  to  afTect  the  normal  pupil.  Tim  pancreas  shows  a 
somewhat  similar  action.  The  vagiis  docs  not,  in  normal  circumstances, 
cause  secretiou  from  the  iiiuK-n-as  when  it  is  stimulated,  but  if  it  is 
cut  first  and  then  stimidated  after  degenerating  for  two  or  tliroe  days, 
it  often  does  cause  a  secretion  on  stimulation.  It  might  be,  tliereforo, 
tliat  the  gland  aft«r  division  of  the  vagus  became  hypersensitive  to 
KQoretin.  But  while  it  is  possible  that  the  vagus  causes  secretion  only 
indirectly  in  tliat  it  arouses  the  duodenum  to  secrete  secretiu,  there  is 
as  yet  no  evidence  that  Uiis  is  Uie  ca^e,  and  the  analogy  with  adrenalin 
would  indicate  that  secretin  is  probably  acting  to  reinforce  a  nervous 
mechanism  rather  than  to  supplant  it.  There  are  several  difTerenccN 
between  the  tiCcrctton  duo  to  secretin  and  that  due  to  stimulation  of 
the  vagus.  One  is  that,  if  the  first  dose  of  secretin  injected  is  largo,  very 
little  subsequent  secretion  is  produced  by  subsequent  doses.  Nothing 
of  this  sort  happens  on  stimulating  tJie  vagi.  Tlicse  cause  secretion, 
under  favorable  circumstances,  as  often  as  they  are  stimulated  and  the 
secretion  is  copious.  In  tliix  rexpect  secretin  resembles  adrenalin,  whicli 
in  any  but  very  xmall  do»uj  produces  little  efTect  on  the  second  or  third 
injection.  Secretin  causes  accretion  after  atropin  has  paralysed  the 
gland  so  that  nerve  stiinultition  no  longer  causes  secretin.  The  choractcr 
of  the  secretion  is  different  in  the  two  cases  also,  the  secretin  secretion 
being  more  dilute  with  less  organic  matter  than  that  obtained  on  nerve 
stimulation.  In  view  of  these  facts,  while  no  definite  coucluitious  can  be 
drawn  without  furtlier  investigations,  it  seems  more  probable  tliat  both 
oheuucal  and  nervous  mechanisms  are  involved  in  tlie  secretion  of  the 
pancreas  and  that  part  of  the  result  of  introducing  acid  chyme  into 
the  duodenum  is  due  to  a  nervous  reflex  through  llic  viigi,  and  jiart 
to  tlie  production  of  secretin  by  the  direct  action  of  the  acid  on  the 
nmcoeo.  There  is,  indeed,  a  remote  possibility  whicli  has  not  been 
investigated  so  far  as  the  author  knows,  namely,  that  secretin  may  pro- 
duce its  secretion  from  a  different  tissue  of  the  gland  than  that  of  the 
lierve  stimulation.  There  ure  two  tisKuefl  in  Uie  gland,  duct  tiN>iuo  and 
.nereting  aeinary  tissue.  The  cells  of  tliene  tisHues  are  dilTeri^nt  in  their 
pby^cal  appearnnce  and  they  reatit  differently  when  the  ducta  are 
plugged.  If  a  fat  with  high  melting  point  is  injected  into  the  ducts, 
thus  pluming  them,  the  aeinary  tissue  degenerates,  but  the  duct  tissue 
remains,  so  tliat  the  pancreas  becomes,  as  Bernard  says,  like  a  tree 
without  its  leaves,  all  the  small  ducts  and  ductules  standing  out  with 
all  the  aeinary  colts  gone  ( Figure  6i,  page  782 } .  It  is  not  known  whether 
the  duct  tissue  contributes  to  the  secretion  and,  if  so,  wliat  constituenta. 
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Secretin ;  chemical  nature. — The  chemical  nature  of  secretin  is  stJI 
unknown.    An  auid  extract  of  the  mucosa  contains,  according  to  Dale, 
>9-iiuidazole-etbyI  amine,  a  substance  derived  from  hi&tidinc  by  split- 
ting off  carbon  dioxide  as  follows: 


CH 


C— NH. 

.!h. 


CH 


COOH 

llistidinfl. 


^-imiduola-ethfl 
untna. 
□istamlna 


According  to  soutc,  /^-imidaxolc-etliyl  amine  is  identical  with  raso- 
dilatku.  It  causes,  certainly,  a  fall  o£  blood  pressure  and  a  lowered 
coagulation  of  the  blood,  but  this  identity  is  denied  by  others.  Whether 
secretin  will  act  in  the  absence  of  any  depressor  substanee  in  the  extract 
is  still  uncertain,  so  that  EBoeretin  and  vasodilatin  or  imidazole-ethyl  aininc 
are  possibly  not  ideutJeal.  Secretin  is  stable  in  acid  solution,  but  readily 
oxidizes  in  neutral  or  alkaline  solution  and  is  destroyed.  Tliiiae  are 
njHumblances  to  adrenalin,  whieh  is  apparently  a  body  of  the  same  kind : 
that  ia,  a  ba^c  subotancc  poKsibly  derived  from  some  amino-acid  by  the 
splitting  olT  of  carboxyl.  It  is  not  the  only  substance  causing  scerction 
of  the  pancreas.  Thus  pilocarpine  has  such  an  action  and  so  also  has 
Wttte's  peptone  and  curarin.  It  is  asserted  by  Popielshi  that  other 
tifisuea  tlian  the  intestine  will  also  yield  extracts,  vasodilatin,  to  acids 
which,  when  neutralized,  will  cause  seurHlion  of  the  piincreaa  on  injec- 
tion. It  may  be  mentioned  in  tliis  connection  that,  according  to  the 
author's  observations,  adrenalin  causes  secretion  of  the  salivary  glands, 
but  not  of  the  pancreas.  Secretin  may  be  extracted  from  the  mucosa 
of  the  upper  pai-t  of  tlie  intestine,  after  tlie  mucosa  has  been  hardened  in 
HgCl,,  by  boiling,  rejecting  the  filtrate,  extracting  the  residue  with 
S  per  cent,  acetic  acid  containing  1  per  cent,  of  HgClj  and  precipitating 
(be  filtrate  by  the  addition  of  NaOH  nearly  to  1h«  neutral  point.  The 
white  flooculcnt  precipitate  is  treated  with  Fl^S,  filtered,  the  filtrate 
boiled  to  free  from  H^S.  The  filtrate  is  very  active  (Dale  and 
liaidlaw). 

Digestive  functions  of  the  pancreas.  Action  on  fats. — The  greater 
part  of  our  knowledge  of  the  fundamental  facts  of  tlic  digestive  action 
of  the  pancreas  we  owe  to  tlie  great  French  physiologist,  Claude  Ber- 
nard, whose  Mimoifc  sur  U  pancreas  is  one  of  the  classics  of  phj-si- 
ology.  Bernard  undertook  an  in%-e8tigalion  into  the  comparative 
physiology  of  digestion.  His  own  words  on  the  discovery  of  the  action 
of  the  pancreas  are  as  follows: 
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"  During  the  wiDter  of  the  year  1S4C  I  studied  the  digestion  of 
difForcQl  oliuicatary  substances  In  different  carnivorous  and  herbivorous 
aiiiinala.  Having  fed  fatty  substances  to  dogs  and  to  rabbite,  I  followed 
the  physical  or  chemical  changes  fitting  them  for  absorption  that  ttie 
dUTorcDt  subetances  underwent  in  different  parts  of  the  alimentary  canal. 
I  p«rceived,  in  opening  tlie  iutcstincs  of  animals,  that  in  dogs  the  fatty 
substances  were  emulsified  and  absorbed  by  the  lacteals  from  the  eom- 
menccmeut  of  the  iDtestine  and  nearly  from  the  pylorus;  while  in  rab- 
bits tlie  phenomena  became  evident  only  ver^'  much  farther  down  at  a 
distance  of  30  to  50  cms.  from  the  pylorus,  depending  on  the  size  of  the 
animal.  Struck  by  this  difference,  I  sought  with  care  to  see  if  there 
was  not  some  constant,  particular,  anatomical  difference  in  this  region 
between  the  two  species,  i  determined  in  fact  tlint  in  the  dog  the  two 
pancreatic  ducts  opened  very  high  up  in  the  intestine,  at  the  commenee- 
ineut  of  the  duodenum,  in  the  neighborhood  of  the  cholodochal  canal; 
while  in  the  rabbit,  on  the  contrary,  the  prinuipat  pancreatic  duct  opened 
much  lower  than  the  bile  duct  and  precisely  at  that  point  where  I  had 
seen  that  the  emulsillcatiou  of  fatty  matters  conuuenced  with  great 
intensity.  By  this  coincidence  I  was  very  naturally  led  to  infer  that 
the  pancreatic  eccrctioo.  must  have  the  property  of  so  altering  fata  4s 
ko  moke  them  absorbable, 

"  It  remoined  to  test  this  hypothesis  by  experiments  with  the  secre- 
tion of  the  pancreas.  To  this  end  I  began  experlmcota  to  obtain  pan- 
creatic juice  and  I  was  able  to  determine  that  the  liquid  possesses  in 
trutli  the  special  property  of  emulsifying  instantaneoualy  the  fats  and 
of  acting  upon  Uicia  chemically  in  a  vei-y  remarkable  manner." 

llernurd  found  tliat  paQcrcutic  juicu  added  to  neutral  olive  oil  formed 
almost  instantaneously  a  permanent  cmulsiou,  the  oil  not  separating  as 
a  Layer;  and  that,  if  extract  of  litmus  were  added,  the  solution  could  be 
seen  to  have  become  distinctly  acid.  This  acidity  was  duo  to  the  fatty 
acids  whieli  were  set  free  from  tlte  neutral  fats.  The  first  property  then 
to  be  noticed  of  pancreatic  juice  is  (Ant  it  splits  and  emulsifies  fats.  This 
property  it  loses  if  boiled  first.  It  is  due  to  an  organic  substance  of  an 
imknown  nature  contained  in  the  juice  which  is  called  steapsin;  and 
since  it  splits  fats  it  is  one  of  the  group  of  fat-splitting  enzymes  called 
lipases,  or  lipolytic  enzymes.  The  steapsin  of  the  pancreas  ia  tlic  chief, 
or  most  important,  enzyme  in  the  digestion  of  fats.  By  it  the  neutral 
fats  are  split  into  glycerol  and  fatty  acid  by  hydrolysis  according  to 
Uic  following  equation : 

InlermcdJate  bypothetlc&I  atagt^ 

S"t'^«L+  %^«°»  +  SteajMln. 
Ofyeerol,        &l«8ri«  acid. 
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Stcapsin.  Origin. — Tlie  slcapsin  found  in  the  juice  is  formed  and 
stored  in  the  tissue  of  tin;  gland  from  which  it  is  secreted.  If  a  little 
pie««  of  tnsh  pancreas  is  placed  in  a  weakly  alksliue  NaHCO,  emalsion 
of  olive  oil  containing  blue  litmus,  it  -nill  be  seen  under  the  microscope 
that  very  quickly  the  pi«ce  of  tiisue  become*  surrounded  by  a  red 
aarcolo  or  halo,  due  to  the  fatty  acid  set  free  from  the  fat  The  piece  of 
tissue  may  bo  put  into  a.  fai  emulsion  in  ^lalin  colored  as  above.  The 
lipase  causes  the  gelatin  to  turn  red.  Pancreatic  tissue  differs  from  all 
otlior  tisBuca  in  this  properly.  The  lipase  may  be  extracted  from  the 
gland  by  glycerine  or  by  water,  but  one  of  the  best  ways  is  by  the 
use  of  60  per  cent,  alcohol.  The  fresh  gland  shaken  with  alcohol  of 
this  concentration  gives  a  maximum  yield  of  lipase.  It  is  probable  that 
the  steapsin  is  formed  in  the  pancreas  iLsf>lf.  It  is  supposed  to  be  formed 
by  the  acinary  ceUs,  but  decisive  expurimeuta  in  this  regard  do  not  seem 
to  have  been  carried  out. 

Conditions  of  action  of  stcapsin. — Pancreatic  juice  works  usaally 
in  the  presence  of  bile  and  it  is  not  surprising;  Ihercfore,  that  it  has 
been  found  that  the  addition  of  bile  greatly  increases  the  rate  of  split- 
ting  of  fats  by  paiiereatie  stcapsin.  The  following  experiments  show 
this  fact:  The  figures  give  the  c.c.  of  N/10  NaOQ  requii'ed  to  neutralize 
the  fatty  acid  formed  by  the  steapsin  from  the  neutral  fat  witli  and 
without  bile.  The  results  also  show  tJie  relative  activity  of  glycerol 
extracts  filtered  or  not  filtered,  or  of  iJie  filter  residue,  and  of  suspemvions 
of  the  gland.  The  extract  was  made  by  allowing  glycerol  to  stand 
14  days  on  pigs'  pancreas.    The  filtration  was  through  paper. 


Cc.  of  N/10  NaOH  required  t«  n«utr«lue  eqnil  mixtures  of  oil  &nd  panorutjfl 

extrscta. 

Witiigutbilc  With  bite 

10.ec.c,  21.7  «.«. 

7.4  18.0 


Gland  BuapcDuon 
l0i  flltntte 


CltAT   filtrate    «.9 

PilUr  r«idu«  U.2 


14.6 
3K.5 


* 


In  the  presence  of  bile  tlie  amount  of  fatty  add  formed  was  nearly 
doubled.  The  steapsiu  does  not  easily  pass  through  a  porcelain  filter, 
at  least  Uic  first  filiratca  are  very  poor  in  lipase.  This  is  called  an 
adsorption  of  the  lipase  by  the  filter.  The  filter  soon  becomes  saturated, 
however,  nnd  theronftcr  the  filtrate  has  a  normal  concentration  of  lipase. 
This  is  shown  in  the  following  experiment:  A  glycerol  extract  was 
made  by  extracting  an  alcobol-ctbcr  extracted  pancreas  wiUi  glycerol 
for  1-3  days.  100  c.o.  glycerol  was  added  to  1  gram  of  dried  paucreaa. 
This  was  filtered  througb  paper  until  clear.  The  acidity  was  tested  by 
taking  5  c.c.  of  the  glycerol  extract,  5  cc.  of  a  1  per  cent,  solution  of 
Platner's  bile  and  5  c.c.  of  olive  oil,  which  were  shaken  and  left  for  20 
hours.    Then  the  acidity  was  dctcnuined  by  titrating  with  N/10  NaOH 
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with  phenol phthaJeio  as  indicator.    The  ixc.  of  NaOH  required  were  the 
follon-in^: 


1.  Filtered  rapidlj  Uirougli  paper 

S.  iBt  dUnite  tbrouffb  ChamWuin  filter 

S.  Bd  "  "  **  * 

4.  3d  "  "' 


34.1  ce. 
2.0 
11.6 

32.0 


Tliat  the  lipase  of  tlic  pancreas  dilFers  from  some  other  Upaaes  is 
.shown  by  the  fact  (discovered  hy  Rosenheim  and  Shaw  Mackenzie) 
that  it  attacks  normal  glyeeridcs  very  much  bailor  than  the  lighter, 
normal  ethyl  butjTate.  It  is  apparently  made  of  two  parts.  If  it  he 
filtered  through  paper,  it  is  said  that  the  filtrate  is  inactive  and  the 
part  on  the  filter  paper  is  inactive.  If  they  arc  reunited  they  become 
aclivc.  The  co-ciizymn  is  hrjit  rcslstfitit,  diidy?,nblc,  not  soluble  in  alcohol 
or  ether  and  its  activity  in  lost  on  incineration.  Sodium  choliitc  acti- 
vates  the  inactive  enzyme.  Glycerylphosphoric  acid  has  also  a  remark- 
able action  in  aetivatiug,  and  this  may  at-eount  for  the  results  of  Hew- 
lett, who  aseribed  such  powi-rs  to  lecithin. 

Steapsin  is  not  extracted  by  glycerine  diluted  with  water  from  the 
pancreas  which  ba.s  prcviou.sty  been  extracted  by  alcohol  and  ether  and 
dried. 

Salts  do  not  increase,  but  instead  they  always  decrease  lipase  activity, 
unless  soaps  are  present  in  sufficient  quantities  to  inhibit  the  steapsin. 
If  this  is  the  case,  the  addition  of  salt  may  appear  to  stimulate  the  action 
(Hanisik).  The  action  is  very  dependent  on  the  degree  of  alkalinity; 
the  digestion  goes  Iwot  in  »  solution  very  fiuntly  alkaline  with  a  hydrogen 
ion  content  of  NXlCM,  't  is  veiy  poor  in  weak  acid  or  stronger  alkali. 
Cholesterol  diminishca  the  action  and  the  addition  of  hemolytic  sub- 
stanres,  such  as  the  saponins,  hastens  the  action  of  the  lipase. 

The  favoring  action  of  bile  on  the  steapsin  is  not  explained.  It  will 
be  shown  when  discussing  the  bile  that  it  is  the  bile  salts  which  aid  the 
lipase.  One  explanation  of  the  manner  of  their  action  Is  that  by  the 
addition  of  these  salt-s,  whieh  arc  the  .salts  of  weak  acids,  the  change  in 
acidity  is  reduced,  the  bile  acting  the  part  of  a  buffer  so  called,  a  sub- 
stance like  glyeoeoll  which  prevents  any  large  change  in  the  coneentra- 
lion  of  hydrogen  ions.  "Were  this  the  whole  explanation  of  the  action 
of  bile  acids,  however,  sodium  acetate  or  aodinm  phosphate  or  glycocoU 
should  act  as  well,  since  they  have  the  same  power  of  controlling  aoidity. 
But  they  do  not.  accelerate  lipase.  Bile  also  acts  by  aiding  the  eniulsifi- 
cation  of  the  fat  in  tlic  manner  described  under  Bile,  page  412.  By  this 
moans  the  surface  of  rontact  between  the  fat  and  water  is  greatly 
increased,  which  has  the  effect  of  increasing  the  eoncentration  of  the 
faL  Lipase  is  certainly  soluble  in  water  TOntainlng  glycerol  and  It 
either  dissolves  in  the  fat  or  unites  with  it,  concentrating  itself  in  the 


399 


PHYSIOLOGICAL  CHEMISTBY 


layer  of  separation  of  fat  and  water.  It  probably  dissolves  in  the  fat, 
sine*  aonie  may  be  extracteU  from  the  pancreas  by  ethyi  butyrate. 

Steapsin;  its  manner  of  action. — Btcapain,  like  moet  or  all  bozymea, 
becomes  more  resistant  to  heat,  ligbt  and  otber  reagents,  in  tbe  presenco 
of  fat,  ita  subatrate.  It  may  be  inferred  from  this,  and  by  the  fact  that 
fat  wilt  extract  or  shake  it  fi-om  water,  that  steapsiu  unites  with  neutral 
fat.  Tbe  most  probable  point  of  union  is  vvitli  tlie  double-bonded  oxygen 
by  means  of  the  reserve  or  extra  valences  on  tbe  oxygen,  as  the  oxygen 
of  most  eaters  is  quadrivalent.    This  union  protects  the  steapsin  from 

H  0:=EacyiB« 

H— 0— O— C— I CH^ ) ,  J— CH^ 

N»utr*l  ht-etajme  oompound. 

toxic  induences.  It  leadK  to  tlie  breaking  of  tbe  bond  between  glyeerol 
and  fat  and  tbe  entrance  of  water.    Tbe  action  is  lience  an  hydrolysis. 

Action  of  pancreatic  juice  on  carbohydrates. — Pancreatic  juice, 
besides  ita  emulsifying  and  splitting  action  on  fats,  baa  a  very  powerful 
stareh -dissolving  action.  It  has  an  amylolytic  power.  An  aqueous  or 
salt  extract  of  tbe  fresh  pancreas  of  any  vertebrate  when  added  to  a 
starch  solution  cauaee  an  almost  instantaneous  clearing  of  the  solution. 
Instead  of  being  opaleacent,  ttie  start^h  becomes  quite  transparent;  there 
is  a  marked  fall  In  viscosity;  and,  if  the  tioliilion  is  ti!Kted  by  Fehling's 
solution,  it  is  found  to  have  acquired  a  strong  reducing  action,  due  to 
the  appearance  of  maltose.  This  action  of  the  jyice  is  lost  if  it  is  boiled ; 
and  a  very  small  amount  of  the  juice  is  able  at  ordinary  temperatures 
to  dissolve  and  digest  a  large  amount  of  starch.  We  say,  Uiercforc, 
tbat  the  juice  contains  a  catalytic  agent,  or  enzyme,  which  con%'erts 
starch  into  maltose.    The  enzyme  is  called  "  amylopsin." 

Pancreatic  juice  ia  tlius  in  moxt  carnivora,  in  which  tbe  saliva  has 
very  little  amylolytic  power,  the  most  important  agttut  for  the  digestion 
of  starch,  or  of  glycogen  in  their  food.  The  course  of  the  digestion  \a 
much  the  same  as  in  the  case  of  ptyalin,  but  difters  from  it  in  certain 
particulars.  The  digestion  goes  best  in  both  roses  in  very  w(;alc  acid 
and  the  optimum  temperature  is  about  the  name  in  each.  Bile  o&d 
duodenal  juice  appear  to  affect  the  amylolytic  action  of  the  juice  very 
little,  or  not  at  all.  The  starch  is  converted  into  various  dcirtrins,  and 
then  finally  into  maltose.  Pancreatic  amylopain  diffora  from  ptj'aliu 
in  the  fact  that  with  amylopsin  the  conversion  of  the  starch  into 
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dextrin  goes  at  a  rate  relatively  greater  than  with  ptyalin  and  Iho  redac- 
ing  sugar  appears  more  slowly  than  with  ptyaliii.  lu  fact,  extracts  of 
the  pancreas  are  sometimes  found  whicli  invert,  starcli  into  soluble 
starch  and  dextrin  with  great  speed,  but  which  liave  little  or  no  sac- 
charifying power.  For  these  reasons  many  oliaerveni  are  convinced  that 
there  are  at  least  two  diifcrent  ensynies  in  amylopsin  and  pcrliiips  in 
ptyalin,  one  an  amylase  which  c(»iv6rts  starch  into  dextrin,  and  one  or 
more  dcxtrinascs  which  convert  dextrin  into  maltoec.  The«c  two  eaiyiaaa 
are  generally  associated,  but  it  may  happen  that  they  may  exist  sepa- 
rately or  the  dextrinasc  may  be  destroyed  wholly  or  partly,  leaving  the 
other  active.  Similar  facts  are  alleged  for  malt  diaatase.  It  is  Haid  that 
by  heating  iimtt  diaataae  with  CaSO,  (ho  dextrinaj»-K  may  be  largely,  or 
completely,  destroyed,  while  the  amylases  remain,  and  thiu  process  has 
been  palentcd  for  its  appliuatiou  to  brewing. 

The  paiitirvalie  uiuylopsin  is  apparently  tltc  KOiirec  of  most  of  the 
amylolytic  cnz>'mc  of  tlic  blood  and  urine,  being  cither  roBbsorbcd 
directly  from  the  gland  itself  or  from  the  intestine  after  secroUon  into 
Che  latter. 

If  dialyzed,  pancreatic  jnice,  like  saliva,  entirely  loees  its  amylolytic 
action,  but  Uie  addition  of  salts  such  as  CaC),,  NaCl,  etc.,  to  the  juice 
restores  its  action  completely.  A  possible  explanation  of  this  fact  is 
that  tlie  ocitvo  principle  is  of  a  globulin^likc  character  insoluble  in  dis- 
tilled water,  but  solublo  in  dilute  salt  solutions.  The  matter  needs  further 
inveetigatioQ. 

Preparation  and  properties  of  amylopsin. — Very  active  preparations 
of  pancreatic  amylase  have  been  prepared  recently  by  the  following 
method  [Sherman  and  Sehleainger) :  Mix  thoroughly  20  grams  of 
pancreatin  powder  with  200  c.c.  &0  per  cant,  alcohol  at  15-20*.  Allow 
to  stand  5-10  minutes,  then  filter,  keeping  the  temperature  below  20*. 
It  takes  1-2  hours  to  filter.  Pour  the  filtrate  into  7  times  its  volume  of 
a  mixture  of  I  part  alcohol  to  4  parts  ether.  Within  10-15  minutes  the 
ensyme  separates  out  as  an  oily  solution.  Decant  supernatant  liquid. 
Dissolve  the  precipitate  in  the  smallest  amoixut  of  pure  water  at  a  tem- 
perature of  10-15'  C.  and  reprecipitate  at  once  by  pouring  into  5  vol- 
nmes  of  absolute  alcohol.  Allow  to  settle,  keeping  temperature  low; 
filter,  dissolve  in  200-250  e.c.  50  per  cent,  alcohol  containing  5  grams 
of  maltose.  Pour  Kolution  into  500  c.c.  collodion  sack  sjid  dialyze  against 
2,000  C.C.  50  per  rcjit  alcohol  at  not  above  20°  C.  and  preferably  not 
below  15'.  Replace  dialyzate  twice  after  15  hours  and  a  second  period 
of  8-9  hours  with  fresh  50  per  cent,  alcohol.  Continue  dialysis  40-42 
hours.  Filter.  Pour  clear  filtrate  into  an  equal  volume  of  1:1  alcohol- 
ether  mixture.  Filter  in  cold  and  place  at  onco  in  a  vacuum  desieeator. 
The  elementary  analysis  of  the  product  on  the  basis  that  P  was  so 
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integral  part  of  the  molecule  waa:  C,  51.9;  11.  6.6;  N.  15.3;  S,  1.0; 
P,  0.8;  0,  and  undetcrmiiied,  24.4.    The  substance  is  evidently  a  pro- 
tein.   It  coagulates  on  heating  at  68-70°.    .000,002,5  pram  of  the  powder 
digested  5  c.c.  of  a  1  pci-  ocnt.  solution  of  Kahlbaum's  soluble  starch  to 
a  pure  wine-red  reaction  with  iodiue  in  30  minutes  at  40°.    This  on 
Wohlgt^muth'gBealeDjJ  =2,000,000.    The  weight  of  the  starch  digCBted 
was  20,000  times  the  weight  of  the  enzyme.     It  later  digested  800,000, 
times  its  own  weiglit  of  stareji  in  30  hours  to  a  rwl  color,  and  in  7S 
hours  to  the  achromatic  point.    It  fornifd  455,000  limes  ils  own  weight 
of  maltose.    In  strong  solutions  it  formed  glucoeo  r8  well  ns  maltose. 
It  act«  only  in  the  presence  of  electrolytes.    It  loses  activity  very  faat  on 
standing  in  pure  water  at  room  temperature,  45  per  cent,  activity  beingi 
lost  in  20  minutes.    This  preparation  was  not  piiro.    It  was  more  activoi 
protoolylicaily  tlian  Uie  original  paiic-i-eatin.     It  gave  al!  the  typical' 
protein  reaetiona,  biuret,  Milloii,  xanthro-proleic!  and  tryptophane.    After 
coagulation  the  eoagulum  took  a  violet  color  in  t\n-  biuret  test,  the  filtrate 
a  rose- red  color. 

The  pancreas  appears  not  only  to  cause  the  digestion  of  starch  by 
its  own  action,  but  it  appears  from  U»e  work  of  Roger  and  Simon  to  reac- 
tivate in  the  intestine  the  ptyalin  which  has  been  rendered  inactive  bat 
not  destroyed  in  its  paa<iagc  through  the  slomaeh. 

Lactase  and  maltase. — The  pancremtie  juice  acts  also  in  children 
and  young  animals  on  lactose;  it  contains  a  lactase,  an  enxyme  which 
splits  lactase  by  (he  addition  of  water  into  galnctasc  and  glucose.  This 
enzyme  in  absent  in  adult  animal.s,  except  those  likf;  humiui  beings  and 
pigs  which  rxmtinne  to  ingest  milk.  The  a1.l/:mpt  to  make  the  cnzymo 
reappear  in  the  glands  of  adult  herbivorous  animals  which  do  not  nor- 
mally have  milk  by  feeding  milk  has  been  thus  far  a  failure.  Invertin 
has  sometimes  been  found  in  tlie  juice,  but  at  other  times  it  has  been 
missed.     It  appears  th«n  not  to  be  a  constant  constituent. 

Maltase,  whh'h  converts  maltose  to  glucose,  is  also  present. 

Action  of  pancreatic  juice  on  proteins. — Not  only  doeft  pancreatic 
juice  act  upon  fats  and  carbohydrates  in  the  chyme,  hut  it  aluo,  when 
mixed  with  dilodenal  juice,  has  a  powerful  action  on  proteins,  although, 
as  secreted  from  the  duct,  it  has  very  little  action  on  proteins.  Unmixed' 
with  SUCCU3  cntericus  it  will  digest  casein,  but  not  coagulated  proteins. 
But  when  it  is  mixed  with  duodenal  or  jejunal  secrotiou,  the  mixtur« 
digests  nearly  nil  proteins  at  a  very  rapid  rate  and  tliis  mLttiire  prac- 
tically completes  the  digestion  of  the  proteins  which  was  begun  b] 
the  stomaeb.  Claude  Bernard  discovered  that  pancreatic  Juice  would' 
digest  some  proteins,  but  the  action  was  very  slow.  He  found  that  the 
digestion  differed  from' the  peptic  digestion  in  two  particulars:  first, 
it  went  on  best  in  a  weakly  alkaline  medium  and  was  stopped  by  acidj 
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and,  second,  in  a  toTt'c  digestion  the  digestive  mixture  in  a  day  or 
so  acquired  thfl  property  of  Bi^■ing  a  violet  color  whtfa  bromine  or 
chlorine  water  was  added  to  it.  He  found  no  other  secretion  which 
gave  this  reaction,  so  that  be  eousidenKl  it  unique  and  characteristic 
of  tiyptie  digestion.  This  reaction  was  called,  therefore,  the  trupto- 
phone  reaction  (Gr.  tripgis,&  rubbing  jpAaitos,  bright).  It  is  now  known 
to  be  due  to  the  formation  of  free  trj-ptophono,  iudol-ainino  propionic 
aeid.  Thcso  three  discoveries  of  Bernard's  were  fundamental:  first, 
that  pure  pancreatic  juice  was  a  weak  digeatant  of  proteiEw;  second, 
Uiat  it  worked  in  an  alkaline  metlium ;  and,  third,  that  lij-  it  otlier 
digestive  products  were  formed  tliaa  by  peptic,  digestion. 

After  this  work  hy  Bernard  further  work  appeared  to  show  that  the 
action  on  proteins  was  very  intense.  Thus,  if  the  pancreas  he  dried, 
extracted  with  ether,  and  then  treated  first  with  salicylic  acid  solution 
for  24  hours  at  M'  C.  and  thereafter  by  Na.CO,  solulion  by  Kiihne'a 
method,  an  extract  very  active  on  proteins  was  obtained.  U  was  not 
until  1900  that  Bernard's  early  observations  were  cleared  up.  It  was 
found  that  the  pare  juice  has  indeed  a  weak  action  on  proteins,  as 
Bernard  observed,  but  that  if  it  is  miscd  with  only  a  small  amonnt  of 
duodenal  juice,  or  witli  an  extract  of  the  intestinal  mucosa,  the  mixturo 
becomes  extremely  powerful  and  digests  proteins,  even  coagulated  pro- 
teins, rapidly  and  so  completely  that  monoaiuino-neids  arc  formed  and 
very  little  albumo^c  or  peptone  remains.  It  is  the  enterokiiiase  of  the 
intestine  which  acts  in  conjunction  with  the  pancreatic  juice  to  digest 
proteins.  The  active  principle  of  the  pancreatic  juice  thus  acting  on 
proteins  is  called  "  trypsin  "  (Or.  trypsin,  a  nibbing ;  referring  to  method 
of  preparation).  It  is  probable  that  it  is  not  a  single  en^yiue,  but  that 
there  arc  at  least  two,  one  acting  on  the  complex  proteins,  for  which 
the  name  trypsin  may  be  retained,  and  the  other  of  an  ereptie  nature, 
acting  on  the  albumoses  and  some  natural  proteins  like  casein,  and  this 
might  be  called  "  panerealie  erepsin."  It  is  probably  this  latter  which 
has  the  power  of  clotting  milk,  or  a  rennin  action,  in  the  absence  of 
intestinal  juice. 

Since  pancreatic  juice  is  inactive  as  it  is  secreted,  but  when  mixed 
with  intestinal  juire  digests  rapidly,  it  is  believed  that  trypsin  does  not 
exust  as  such  in  thv  gland,  but  in  an  inactive  form  called  trypsinogen. 
It  is  ordinarily  stated  that  the  enterokinase  acts  by  activating  the 
trypsinogen  or  eonverting  it  into  trypsin.  It  is  well,  however,  to  bear 
In  mind  tlie  actual  facts,  rather  than  any  interpretation  of  them,  and 
the  facts  are  that  a  mixture  of  pancreatic  and  intestinal  juices  digests 
prntcin-s  much  more  rapidly  than  cither  juice  alone,  and  that  the  active 
principle  found  in  the  pancreas  is  called  trypsin  and  that  in  the  intes- 
tine is  called  enterokinase.    But  exactly  how  they  support  each  the 
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action  of  the  other,  cannot  b«  stated  at  present  and  further  wort  is 
reqaired.  The  facts  at  present  known,  while  not  very  eonvinoing,  indi. 
cate  that  enterokinase  may  be  setting  trypsin  frcu  £rom  some  union 
in  which  it  is  inactive,  but  other  iotcrprctatious  than  this  arc  possible. 
All  observations  on  Uie  digeativc  power  oC  iiancrcatic  juice  made  before 
the  discovoiy  of  the  role  of  enterokinase  have  to  be  intcrpretetl  with 
this  fact  in  mind. 

It  is  generally  stated  that  digestion  by  the  pancreas  is  most  rapid 
in  the  presence  of  hydroxj-l  ions  of  a  concentration  of  N/200  or  in  a 
slightly  alkaline  mcdioni  (.3  per  cent.  Na^CO,).  It  is  a  singular  fact 
that,  if  this  is  true,  the  digestion  must  not  take  place  in  tiie  alimentjiry 
canal  under  optimum  conditions,  for  the  reaction  of  the  ch^-mc  is  often 
weakly  acid  to  litmus  for  a  considerable  distance  along  tho  intestine.  It 
is  possible  that  thorc  arc  two  or  more  enzymes  of  which  tlio  first,  trypsin, 
working  on  ooapilated  protein,  may  t»  most  active  in  a  weakly  alkaline 
mediujn,  whereas  the  action  on  the  alhumoses  by  the  orcpsin  may  be 
best  in  a  neutral  or  very  faintly  acid  medium.  Thia  is  a  matter  requiring 
further  work.  Bacbford  states  tliat  the  bile,  and  particiJarly  the  chyme 
BH  it  comoa  from  the  stomach,  exerts  a  favorable  action  on  tryptie  diges* 
tion.  He  collected  pancreatic  juico  from  the  pancreatic  duet  in  rabbits. 
From  his  results,  which  anU^doted  flic  discovery  of  cnlerokinOHO.  it 
appears  that  the  digestion  is  at  an  optimum  under  the  conditions  of  tho 
admixture  of  bile,  duodenal  juice  and  ehyrao  with  tho  pancreatic  juice, 
such  a  mixture  as  exists  iu  tlie  intestine.  Tho  experiments  made  by 
Abderhalden  and  others  on  the  digestion  of  artificial  polypeptides  have 
been  made  with  juice  containing  both  enzymes.  Furthermore,  natural, 
that  is  unacti%'atcd,  pancreatic  juice  will  liydrolyzc  peptone,  casein  and 
fibrin  by  means  of  the  erepsin  it  contains.  Besides  enterokinase,  it  is 
niAin.1<uned  by  Henri  that  pancreatic  juice  is  activated  also  by  calcium 
salts.  The  results  on  this  arc,  however,  diverse  and  from  recent  work 
it  appears  that  calcium  hastens  the  action  of  trypsin  after  it  is 
formed  and  hastens  the  aeiion  of  erepsin,  but  does  not  activate  tryp- 
sinogcn.  The  explanation  of  the  action  of  tlie  salt  is,  however,  BtiU 
lai^ly  guesswork. 

Products  of  the  action  of  trypsin-cntcrokinase  on  proteins. — The 
digestion  of  the  natural  proteins  by  the  mixture  of  juiees  in  the  duo- 
denum passes  through  much  the  same  slaves  as  peptic  digestion,  except 
that  the  docompo^tion  of  the  peptones  and  albumoses  into  di-,  tri-  and 
mono-pcptides  tikes  ploce  very  much  more  rapidly  than  in  the  case  of 
pepsin.  The  pancreas  has  an  ereptic  as  well  as  a  peptic  power.  Ab  a 
rMidt,  if  the  digestive  mixture  is  examined  for  the  primary  proteoses, 
very  little  will  be  found  in  the  case  of  panrreatie  digestion  as  compared 
with  peptic    Furtliennore,  tyrosine,  leucine  and  otlier  amino-ocids  arc 
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produced  in  great  amotmta  and  cr>'atalLizc  out  of  tlic  digesting  mixture; 
th«8e  products  are  not  formed  by  peptic  digestion.  It  is  uncortAin 
whether  these  are  produced  by  trypsin  or  by  ercpsin.  No  mfithod  of 
separating  th«se  enitynies  is  known. 

The  tryptic  digestion  differs,  on  the  other  bund,  from  the  autolytie 
digestions  of  organs,  that  is  from  their  self-digestion,  in  Uiat  little 
ammonia  is  formed  in  the  course  of  tryptic  dig<«tion,  whereas  much 
h  productMl  in  autolysis.  This,  as  lioa  bc«u  pointed  out,  haa 
the  tcloologiral  explanation  that  acidH  net  free  in  ct;IIii  aatolytic 
fcrmenlA  an<]  these  form  ammonia  to  ncutraliiie  the  acid.  There 
is  no  doubt  that  a  good  deal  of  ammonia  ia  produced  cither  by 
the  action  of  digestive  ferments  or  by  the  bacteria  in  the  course  of 
intestina)  digestion,  for  the  mucosa  of  the  intestine  contains  much 
ammonia. 

The  digestion  by  trypsiu-enterolc inane  does  not,  however,  reduce  all 
the  polypcptidL-s  to  amino-acids.  There  still  remains  in  a  trypsin  diges- 
tion mixture  a  considerable  number  of  carboxyl-amino  linkages,  since 
if  a  tryptic  digestive  mixture  is  titrated  with  formol  in  the  Sorensen 
method  before  and  after  hydrolysis  with  acid,  it  is  found  that  the  num- 
ber of  free  amino  groups  ia  considerably  increased  by  the  action  of  the 
aeid,  showing  that  some  NH-CO  linkage-s  had  not  been  split  by  the 
tr^'psin-imterokinase.  This  final  step  in  the  reduction  of  the  proteins 
to  the  Kimplest  building  .slon<»i,  the  amino-aeids.  is  brought  about  by  the 
enzyme,  cr^sin,  found  in  nearly  all  tissues,  but  in  larger  amounts  in 
the  intestinal  mucosa  and  to  some  extent  in  the  intestinal  juice.  Trypsin 
is.  however.  aWo  to  break  many  amino-carboxyl  Unkings,  or,  at  least, 
activated  pancreatic  juice  is  able  to  do  this,  as  is  shown  by  the  work 
of  Abderhalden  and  his  colleagues.  They  found  the  artificial  polypep- 
tides were  digested  or  not  digested  by  this  mixture  as  shown  in  the  table 
on  page  404. 

Whether  the  splitting  was  due  to  the  trypsin -en  terokinase  or  to  the 
erepsin  in  the  juice  could  not  he  positively  stAted.  An  examination 
of  the  appended  list  shows  that  the  property  of  being  digested  by  this 
mixture  of  enzymes  depends  on  several  properties  of  the  molecule.  In 
the  first  place  (A)  it  depends  on  the  structure  of  the  molecule.  Thus 
alanyl- glycine  is  hydrolyiied,  but  glycy  I -alanine  is  not  hydrolyzed; 
d-aJanyM -leucine  is  digested,  btit  alanyl-leucino  (B),  which  was  probably 
1-alanyl -I -leucine  plus  d-alanyld-leucine,  was  not  digested.  The  first 
peptide  contains  those  active  amtno-acids  found  in  nature.  1-leucyM- 
leucine,  the  natural  leucine,  is  digested,  while  Mencyl-d -leucine  and 
d-lencyI-1 -leucine  are  not  split.  Dakin  found,  txw,  rercntly  that  cAsoin 
and  other  proteins  which  have  been  raccmized  by  dilute  alkali  arc  no 
Itntger  digested  by  trypBin. 
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Asnrioui.  PoLvrapriwm  Btdbouxb  ahd  «ot  Hti.roltzbi>  bt  Pure  Ac«tatib 
P.\!KCBEATtc  Jum  {Rschcr  ttttA  AMerhfllden). 


IB) 


llyitiDlyonI 
Ir)   Alnnyl-{;l>'ciii< 
(r)   Alaayt-nluilne 
(r)  AlKDjrl-leuoine  (A) 
ir)  Leaoyl-lsoecrlnc  (A) 
Glycjl-tjTOsit»; 

|r)  Alaiiylglycyl -glycine 
jr)  Glyeyl'lcucyl-BiKninv 
jr)  t*u^l-Blyc7l  glycine 

DinJanj-I-cyBtlDfi 
(r)   Alnnyllcueyi  glycine 

Di  leaoyl-t^Btiiifl 

Tetiag  lycy  I-  g  ly  oi  iii' 

Triglyoyl -glycine  t*tpT   [Biuret  1i»m) 

d-«UnyI-d-aUnlne 

d-ulttoy  I  - 1  -  U'ticiiiQ 

d-filnnyl  l-tyroslns 

1-Icuoyl-l- leucine 

I  tcucyl-dgluUmic  odd 

Moucy  M  ■  tyrosi  na 

I  -p  roly  I-  l-pbcny  la  1  ■  n  i  ii« 

d '  aluiy  1 '  dioly  cy  I  ■  gly  cine 

FflptidoR  mnrkcd  with  nn  r  kiw  the  rsecinie  eAin|Miiind«. 


Not  hydrolyenl 
Olyoyl-alanlne 
Olyoyt-alycine 
AUiqrl-leudne 
Leuoy  I -alanine 
Lcuc^I-glyeine 
Leucyl-ieudn« 
Amin  ol>t)  ty  ry  1  -gly  v  in  c 
AminobutyTyl'tinaiiwbijtyrlc  acid  (B] 
Arainobutyryl-ivnniiobiilyric  soid  (A) 
Olrart-pheiiyUla  nine 
Vnln-glyeine 
Dimyigfl-glycine 
'II' fgly  ey  l-g  ly  oin  e 
Di  I  I'll  cy  I  -giy  cy  1  -g  ly  ci  ne 
d-aliirivl-l-alauinc 
I'Uliuiyl-laluninc 
Mcucyl -gly  cine 
l-loucy  1  ■u-leudDe 
dlcucj'1-I- leucine 


In  the  wwoiul  plaee  (B)  the  power  of  being  digi'sUnl  ilepcndB  on  the 
number  of  amino-aeids  pnscnt  in  the  chain.  Thuit  the  Ictraglycyl- 
glycine  containing  five  giyoine  raHidc-s  was  (lig(;st<^rl,  whilo  the  diglycyl- 
glycinc  containing  thrive  wbh  not  digested. 

Different  proteolytic  enzj-nien  ahow  quite  different  powers  of  hydro- 
lyxing  the  different  polypeptides,  and  the  enTymes  may  be  distingoishe 
from  cacli  other  in  this  way.  It  is  besides  in  the  higlieat  degree  aignifl- 
eanl  tliat  the  enzyiilea  found  in  iJie  same  organs  in  different  kinds  of 
animals  ahow  different  digeslive  poweni,  and  wide  differences  exial 
bRtwrcn  the  different  organs  of  the  same  aiiiitiul  in  ils  power  of  hydrft- 
lyzing  thcac  artificial  polypeptides.  Pepsin  will  not  digest  any  arti- 
ficial polypeptide.  Fijsehcr  has  suggested  that  this  is  because  it  haa  not 
yet  been  Irietl  on  a  siifBeiontly  long  chain,  but  it  may  bo  due  to  other 
reasons.  The  various  autolytic  enzymeji,  or  proteoelastic  onKymes  as  they 
are  also  called,  show  very  marked  difforcncoa.  But  in  general  their 
powers  of  decomposition  are  greater  than  Ihoao  of  the  pancreatic  ^uic*.; 
Thu.s  glycyl -glycine  iti  hydrolyzed  by  the  liver  and  muscle  juice  of 
ox,  rabbit-,  dog  and  by  liidney  press  juice,  but  not  by  Uie  scrum  or  plasmi 
of  the  horse.  Ox  phwma  digests  glyeyl-dl-alanine,  but  not  glycyll- 
tyrosine.  In  general,  it  may  be  said  that  when  the  racemie  polypeptides 
are  digested  the  natural  ly-occnrring.  optically -active,  isomers  are  the 
ones  digested  and  not  their  optical  antipmles.  Many  of  these  ppptides 
are  split  if  injected  directly  into  the  blood  of  animals.    Sometimes  botli 
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the  d-  and  I-  fonuB  are  utilized,  but  one  better  tlian  the  other.  In  such 
cases  it  U  possible  that  racemizatiou  is  first  produced,  and  the  natural 
substance  then  consumed.  Often  the  onnatar&l  antipode  is  excreted 
moi'c  or  less  completely. 

Sometimes  when  a  tripeptide  is  exposed  to  paucreatiu  juiee  or  other 
eoxyme  one  of  the  amiuo-acids  is  split  olT  very  quickly,  tiie  other  two 
being  separated  voiy  umeli  more  slowly;  or  again,  it  may  happen  that 
one  emiyme  breaks  tlie  chain  in  onu  point  wliilc  another  breaks  it  at 
another,  just  as  Iiappoos  in  tlie  polysaccharide&  In  the  tripcp- 
tido  l-leucyl-Rlycyl-d-alanine,  the  proteases  in  yeast  and  saliva  split 
this  into  leucine  and  Iho  dipoptido  glycyl-d-alaniuo;  while  pancreatic 
juice  eplitfi  off  d-alanine,  leaving  the  dipeptide  1-leueyl-glycine. 
Other  examples  have  teen  studied  by  Koelker  and  Abderhaldeu. 
By  this  means  dJiFereuces  between  different  proteases  may  be 
detected. 

Law  of  the  rate  of  tryptic  digestion. — For  the  relation  between  the 
rate  of  proteolysis  by  trypsin  and  tlic  amount  o£  the  enzyme  present  the 
same  facts  have  been  found  as  have  been  noted  under  pepsin.  If  the 
protein  is  in  solution,  it  for  example  it  be  gelaliu,  tliere  is  an  inverse 
simple  proportioualily  between  the  amount  of  euicyme  and  tlie  time 
required  to  digest  to  the  point  of  Llquefaetion.  That  is,  dx/dt=: 
KCr.nDvni-  (^r  log  A/(A— X)— KC  f,^.„„,  t.  In  the  gelatin  experi- 
lucnt  log  (A/(A — X))  is  const-ant.  If,  however,  the  determination  is 
made  by  Mett's  tubes,  values  are  obtained  which  are  fairly  in  agreement 
with  the  SebiitZ'Borissow  law,  according  to  which  the  amouot  digested  in 
a  certain  time  is  pi-oportioual  to  the  square  root  of  the  amount  of  enzyme. 
Finally  if  fibrin  colored  blue  with  "  spritblau  "  is  the  substrate,  aud 
the  reaction  is  followed  by  the  depth  of  color  of  the  aohition,  the  same 
law  is  found  as  Griitzner  found  for  peptic  digestion  under  similar  con- 
ditions: namely,  that  X^the  amount  digested,  =KC  ^^,j,,-  The  amount 
digested  is  proportional  to  the  two-thirds  power  of  the  concentration  of 
the  ferment  (Palladin).  Both  of  the  latter  relations  are  purely 
empirical. 

Pancreatic  juice  dialyzed  against  water  loses  all  its  tryptic  power,  but 
it  retains  its  ereptic  power.  It  cauuot  tlien  be  activated  by  the  addition 
of  kinase.  Kinase  does  not,  then,  hasten  the  ereptic  action  of  dialyzod 
juice,  nor  will  it  activato  trypsinogcn  in  the  absence  of  salts.  Possibly 
trypsin  is  rendered  insoluble  by  the  dialysis,  behaving  as  if  it  were  a 
globulin.  Those  experiments  sliow  that  the  juice  contains  at  least  two 
enzjTnes. 

Pancreatic  nuclease.— Oonunon  foodstulTs  generally  contain  nucleic 
acid.  This  is  not  digested  by  pi-oleolytic  enzymes.  There  is  in  the  pan* 
erctttie  juiec  a  nuclease  which  acts  ou  the  nucleic  acids  of  the  foods  and 
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reduces  them  probably  to  phosphoric  ucid,  Duclcin  bases  and  carbo- 
tiydrate.  From  llic  pig's  puncrvas  (but  Uio  juice  was  not  cxumiucd) 
JoDes  extracted  a  uuclcasu  (tctrouucleotidoiic)  wbicb  had  Lho  property 
ot'  splitting  ^nnylic  aoid  from  yeatit  Duclcic  acid.  The  iuvcstigations 
of  Loudon  show  that  nuduina  are  diKcated  after  readiing  this  portion 
of  the  intestiue,  and  it  is  probable  Chut  tiiia  enzyme  of  the  pancreas  is 
the  active  principle.  It  is  uot  inipowiible  that  the  presence  of  guauylic 
avid  in  the  paucrcan,  and  presumably  outside  Lhc  uudcus,  may  be  cor- 
related with  thu  pKsence  of  this  enzyme,  it  is  possible  that  tlio  uuclvaso  1 
is  iu  union  with  the  guauylic  acid  of  thu  gloud  which  thus  son'cs  as  a 
colloidal,  non-digcstiblc  substrate. 

Pancreatic  juice.  Summary. — The  digestive  action  of  the  pancreatic 
juioe  may  be  summed  up  as  follows:  When  mixed  with  bile  and  intes- 
tinal juiee  it  very  rapidly  splits  by  hydrolysis  and  cmulsities  fats;  it 
reduces  starches,  dextrina  and  gtycogen  to  maltose  and  glucose;  it 
inverts  cane  sugar,  at  times,  and  in  young  animata  it  lias  the 
power  of  coiivcrling  lactose  into  glucose  and  galactose;  it  attacks 
the  partially  digested  peptones,  albumoaes,  etc.,  of  the  chyme,  very 
quickly  hydrolyzing  them  into  di-  and  tri  peptides  and  crystalline 
amino-acids  which  do  uot  give  the  biuret  reaction;  it  digests  nudcie 
acid. 

Pancreatic  juice  mixed  with  bile  and  intestinal  juice  often  regurgi-J 
tates  into  the  stomach,  as  was  mentioned  when  digestion  in  that  organ 
was  discussed.  By  stimulating  this  regurgitation  it  is  possible  to  obtain 
samples  for  clinical  e-\aminatiou.  Boldyreff  recommends  the  foUowingJ 
method:  The  person  should  have  eaten  the  day  before  only  a  small 
amount  of  easily  digested  food.  The  following  morning  200  c.e.  of  olive 
oil  containing  2  per  cent,  oleic  acid  is  given  on  an  empty  stomach.  After 
1-lV:  hours  the  stomach  is  emptied  with  a  stomach  tube.  The  cont«Dt8 
settle  in  an  oily  upper  layer  and  a  watery  lower  layer.  The  latter  ii 
often  alkaline  in  reaction  and  slightly  broM-n  in  color.  This  cau  be 
tested  for  its  tryptic  activity  by  making  slightly  alkaline  with  sodium 
bicarhoutttc  and  adding  fibrin.  To  sec  If  it  has  pepsin  it  may  be  exam- 
ined in  acid  solution.  Digestion  in  the  alkaline  solution  indicates  the 
pracncc  of  pancreatic  juice.  The  juice  may  also  be  investigated  for  its 
other  pancreatic  fcrmoDts. 

THE  BILE. — The  third  of  the  juices  co-operating  in  duodenal  di( 
tion  is  the  bile.  The  bile,  or  gall,  tlie  external  secretion  of  the  liver,  load^ 
two  (black  bile  and  yellow  bile)  of  the  four  cardinal  humors  of  Hip- 
pocrates. It  early  attracted  the  attention  of  physicians  and  laity  alii 
partly  because  its  formation  was  apparently  the  only  function  of  one 
the  largest  organs  of  the  body,  the  liver;  partly  because  of  its  green  or 
golden  color  and  viscidity;  partly  because  of  its  extremely  bitter 


DiOESTiox  m  'mn  inthstike 


407 


and  the  yellow  appcanmeo  of  Uie  akin  and  wliitos  of  the  eyes  when  ita 
outflow  from  the  gall  bladder  was  blockud ;  uud  partly  because  of  Oie 
formation  of  gall  stones  and  the  extreme  patu  of  their  expulaiou  from 
the  gall  bladder.  But  while  curioaity  was  vcrj-  uirly  excited  as  to  the 
functions  of  this  liquid,  itti  n-al  functiou  has  b(»:oiiie  kaowii  only  within 
the  past  Lolf  century,  and  indeed  it  is  still  probably  vorj*  imperfectly 
known.  Its  composition,  also,  is  in  many  important  particulars  still 
obscure  and  there  can  bo  little  doubt  that  many  valuahlo  discoveriea 
remain  to  bo  made  concerning  its  compotiition,  fuuetion,  formation  and 
secretion. 

The  bile  in  human  beings  as  it  flows  From  a  temporary  biliary  fistula 
ia  generally  of  a  clear,  goldcu  yellow  or  broniiisb  yellow  color,  but  it 
ia  aomctimcK  an  oUve  green  ;  it  is  very  bitter  and  hm  a  tdimy  consistence. 
The  bile  taken  from  the  gall  bladder  after  death  is  generally  of  a 
brownish  green  color,  and  is  more  viscid,  containing  more  solids  and 
more  phoephoprot«in  (falijc  mucin)  tlian  that  flowing  from  a  tempo- 
rary li&luia.  The  viscidity  of  the  bile  U  a  matter  of  importance,  for  the 
reason  that  Oie  bile  is  secreted  under  no  small  a  secretory  pretomre  that 
the  viscous  bile  may  offer  such  a  rtfsistauce  as  to  bloi^k  wholly  or  partially 
its  outflow ;  mid  under  thwtc  cireumstaneca  rcabsorplion  lulioi  place 
through  the  lymph  vessels,  leaillng  to  the  appimraucc  of  bile  pigment 
in  the  Hnids  and  tts^ucs  of  the  body,  and  the  excretions,  and  to  the  con- 
dition of  icterus  (Oreck,  iktcros,  jaundice)  or  jaundice.  The  color  o{ 
bile  is  generally  yellow  brown,  but  it  may  be  green  in  its  frvsh  state. 
If  green,  it  readily  changes  by  reduction,  wliinh  may  be  produced  by 
putrefactive  changes  or  by  the  walls  of  the  gall  bladder,  or  possibly  even 
by  internal  changes  in  the  bile  itself,  into  a  reddish  or  golden  brown. 
The  freezing  point  of  human  bile  is  jiiat  about  that  of  the  blood,  i.e., 
— 0.55°  to  — 0.61'  C,  so  that  its  osmotic  pressure  is  about  the  same  or 
possibly  a  little  greater  than  that  of  the  blood.  In  this  respect  the  bile 
differs  from  most  olher  secretions  which  generally  have  a  freoxing  point 
leas  thau  tliat  of  the  blood. 

Composition. — The  composition  of  the  bile  is  different  in  every 
species  of  animal  examined,  but  all,  or  nearly  all,  biles  contain  three 
characteristic  and  very  important  substancea:  1,  The  bile  pigments; 
2,  Iho  bile  sails;  and  3,  cholesterol.  The  bile  salfa  vary  with  the  species. 
In  the  ciaKmobrtuich  fishes  they  differ  widely  from  those  prcseut  in 
most  auimaU.  Most,  if  not  all.  biles  contain  also  some  phosphatidi^ 
(phoepholipin). 

Human  bile  has  been  obtained  for  analysts  either  from  biliary  fistulas 
or  from  the  gall  bladder  of  recently  executed  criminals  or  peraons  dead 
by  accident.  The  composition  is  indicated  in  the  table.  Bile  is  generally 
neutral  or  faintly  alkaline  in  reaction  to  litmus. 
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COMPOSITION  OF  TnE  BILE, 
BiADDsa  Bile. 

Frerldi*  V.  (hmp  •  Bnaneii 

Water   , 80.00  85.»S         Se.&7  69.91 

Solids 14.00  H.08         17.73  10.11) 

Dit«  »<ilta  7.22  V.U        10.70  fi.O£ 

.Mucia  ainil  pigmoots S.M  &98           2.21  I. US 

Ctn.lt-*Uroi  0.18  0.2fl           4,73  3.00 

Vm% 0..t2  «.»2 

Inorguiic   0.05  0.77          1.0S  a«2 

PuiULA  BtU!  (Iliiminarateii}. 

W»ter    -..     97.48  8a,«7  fl7.4fi 

Solid*    2,»8  a.B3  254 

Bllo  saJta   0.03  1.82  0.9C 

TaurooboUte OJO  0.21  0.22 

oijoQoboiiOc o.ea  i.fii  o.os 

Fatfor  Kdds  0.12  0.L4  O.tO 

Moan  and  pigmenU , 0.(3  0.43  0.S2 

CholMtcroI    0.06  0.16  0,15 

Ucitliin  -).  Pat           .                  0.(12  0.006  O.Oft 

Soluble  onlts 0.81  0.88  0.7;i 

Inaolublw  «ulU   0.025  O.OS  QM 


The  composition  of  bile  flowing  from  a  biliary  BNtiiln  (lifTt^rs  i-iniHi«l- 
erubly  fpom  that  of  bile  tjiken  from  the  gull  blBd<lcr.  The  fisluUi  bile 
is  less  concentrated  the  more  completely  tlie  bile  has  been  cut  off  from 
tiie  intestine.  Thus  bile  from  a  compWt«  fistula  in  a  woman  was  found 
by  Pfaff  and  Balch  1o  contain  only  3  per  oent.  of  total  solids,  and  Uara- 
marsten  found  similar  fi^irus;  whereas  bile  from  the  gall  bladder  con- 
tains from  10-20  per  mul.  vt  total  solids.  Moreovur,  of  the  totjil  solids 
of  fistula  bile  30-50  per  cent,  aru  luorganio,  whereas  in  liiiman  bladder 
bile  only  about  6  per  cent,  arc  inorganic  The  freezing  point  of  tlie 
bladder  and  of  the  fistula  bite  does  not  gn^atly  diiTer,  allhough  that  of 
the  bladder  bile  is  somewhat  lower.  The  reason  for  this  is  that  some 
of  the  organic  constituents  of  the  bladder  bile  are  probably  in  colloidal 
solution,  so  that  they  do  not  mueh  affect  the  freezing  point.  The  greater 
ooncentralioii  of  Uie  bladder  bile  is  genei-ally  aiwribed  to  a  reabsorption 
of  water  in  the  gall  bladder,  but  there  is  little  ovideuce  of  this.  It  is 
more  probably  <Iiic  in  par-t  to  the  fact  that  somo  of  the  organic  matters, 
mucin,  phosjihoproteiii  and  poiisibly  some  cholesterol,  are  added  during 
the  stay  of  the  bile  ui  the  bladder,  but  tt  is  chiefly  due  to  the  fact  that 
when  the  bile  is  diverted  from  the  intestine,  as  it  is  in  most  fistalas, 
there  is  no  r&absorption  of  the  bile  and  hence  the  bile  salts  aro  not 
re-excreted  as  they  normally  are. 

Secretion  of  bile. — The  bile  is  poured  into  the  duodenum  in  man 
about  i-^  inches  below  the  pylonis  through  the  dueUis  eholedochus.  This 
duet  opens  very  close  to  or  in  eonjuuctiou  with  one  of  the  pancreatic 
ducts  (Santorini's),  so  tliat  these  two  secretions  are  intimately  mixed 
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they  are  poured  out  into  the  acid  chyme  coming  from  the  fltomach, 

^Tbey  are  also  mixed  with  the  duodenal  imce,  and  it  haa  been  found 

that  these  tkrise  secretions  mutually  interact  with  each  other  and  with 

chyme  and  together  form  a  digestive  fluid  very  powerful  aud  capable 

»f  digesting  and  diasolviug  all  classes  of  foodstuffs. 

The  amount,  character  and  time  relations  of  the  bile  secretion  can 
Studied  by  means  of  a  fistula,  ciUier  temporary  or  permanent.  In  a 
lent  fisttda  the  gall  bladder  is  opened,  brought  where  possible  to 
the  surface,  drained  and  fastened  in  the  akin  in  sach  a  way  that  an 
Ripening  persists  to  the  oxterior.  If  it  is  desired  to  block  completely  aU 
of  bile  iuto  tlie  lule&tine,  it  is  necessary  (o  resiect  a  portion  of  the 
common  bile  duct  (ductus  cboledochus) ,  and  even  then  the  connection 
with  the  intestine  may  iu  time  be  re-established,  so  great  an  the  repara- 
tive powers  of  aniuuil  tissues.  As  a  rule,  however,  this  connection  is 
not  re-cfa-tabli&hcd  and  the  bile  passtt  altogether  to  the  exterior.  If  no 
etion  of  the  duct  is  practised,  some  of  the  bile  may  continue  to  find 
way  into  the  intestine,  and  in  human  beings  and  dogs,  if  no  means 
are  taken  to  prevent  tt,  the  external  opening  will  ultimately  cloee  and 
tormal  counectioitH  with  the  iutt'Ktiiie  will  be  re-establish ed.  The  method 
'usually  employed  in  making  micli  fistulas  iii  dogs  i.s  that  of  Dastre.  Such 
temporary  fistulas  are  not  uncommon  in  human  bt-ings  following  opera* 
tions  for  gall  stones,  or  for  infection  of  tlic  gall  bladder. 

The  secretion  of  bile  from  such  a  fistula  is  found  to  be  continaous, 
but  by  no  means  uniform.  It  is  indeed  subject  to  wide  fiuctuations  in 
amount  during  the  twen^-four  hours,  and  the  caoses  of  these  fiuctua- 
tions arc  still  quite  obscure.  While  the  formation  of  the  bile  and  its 
flow  from  the  fistula  are  thus  continuous,  the  Bow  from  the  ductus 
choleUoehus  into  the  intestine  is  iutennilttuit,  at  least  in  those  animals 
provided  with  a  gall  bladder,  and  occurs  only  when  acid  chyme  is  dis- 
charged from  the  pylorus  into  the  intestine.  The  irregularity  of  the 
secretion  of  tlie  bile  from  a  fistula  is  illustrated  iu  the  following  figures 
which  give  Ibc  secretion  from  a  biliary  fistula  in  a  woman  in  the 
chusetts  G«ueral  Hospital,  as  recorded  by  Pfaff  and  Balch : 


8  a.m.  ■  2  p.m. 
2  p-m.  ■  8  p.Bi. 
S  p.m.  -2  it.ni. 
2  «.ID.  -  8  a.m. 
8  n-m.  ■  2  p.m. 
2  p.m.  -  8  p.m, 
8  p.m.  ■  2  s.m, 
2  A.m.  -  S  s.in. 


1«  cc. 

SO 
134 
170 
120 

70 
IDS 


The  hourly  setrelion  is  subject  to  a  wide  diurnal  variation,  being 
least  in  the  hours  of  the  early  morning  from  2-5  a.m.,  rising  rapidly 
after  this  time  and  culminating,  as  a  rule,  about  1-3  P.M.,  thereafter 
decrea.ting  with  some  fluctaations.    It  thus  runs  a  course  not  very  dif* 
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ferent  from  the  body  temperature,  n-liicli  is  at  a  mininiQm  zhaat  3-9 
A.u.  and  at  a  maximum  about  4-3  j'.m.  Other  functions  of  the  body  aUo 
show  such  a  diurnal  or  rhyliuuic  variation.  Similar  variations  in  the 
flow  of  bile  from  a  human  fistula  bare  been  reported  also  by  others. 
There  are,  besides  the  main  variatiouB  in  flow  already  mentioned,  other 
variations  apparently  related  in  some  way,  not  at  present  clear,  to 
digestion.  Thus  in  the  case  of  Pfaft  aud  BalcL  the  great  rise  in  the  early 
momiog  coincided  with  breakfast  and  the  next  great  rise  with  dinner, 
but  sometimes  the  rise  came  before  and  sometimes  after  dinner,  an  hour 
or  more,  and  the  maximum  outflow  was  not  coincident  with  any  ascer- 
tainable phase  of  digestion.  In  another  case  the  flow  often  showed  a 
remarkable  fall  immediately  after  a  meal,  particularly  at  the  time  of 
afternoon  tea,  and  the  authors  suggested  that  possibly  this  sharp  fall 
might  be  due  to  closure  of  the  pylorus  following  the  taking  of  food,  thus 
diminiabing  the  discharge  of  acid  into  the  intestine  and  so  reducing  the 
Btimalation  by  the  seirretin  formed  when  acid  U  discharged.  The  flow 
from  a  d(^'s  fistula  shows  Koraewhat  similar  variations. 

Amount  of  bile  secreted  per  day. — Tlie  amount  of  bile  secreted  per 
day  by  a  human  being  is  very  difficult  to  estimate  with  any  accuracy. 
Pfaff  and  Balcb  report  in  their  case  a  secretion  of  525  c.c.  per  day,  and 
similar  results  have  been  reported  by  others.  These  figures,  however, 
white  they  may  give  us  some  idea  of  the  amount  secreted,  are  not  to  be 
taken  as  a  certain  index  of  the  amount  normaUy  produced,  since  they 
are  all  of  them  from  permanent  fistulas.  It  has  been  shomi  that,  if 
bile  is  poured  into  the  intcetine,  the  secretion  is  increased  both  in  eon- 
centration  and  amount.  In  tliest-  cams  no  bile  was  finding  entrance  to 
the  inteetine,  and  hence  tbis  would  tend  to  diminish  the  secretion.  On 
the  other  hand,  the  acid  of  the  chyrac  acts  as  a  stimulus  to  the  formation 
and  the  discharge  of  bile  from  the  liver.  Now  in  the  absence  of  the  bile 
it  ia  posaible  that  the  acid  chyme  remains  acid  for  a  longer  time  than 
normal  and  thus  acts  as  a  stimulus  for  a  longer  time.  The  absence  of 
the  bile  in  this  way  might  act  aa  a  stimulus  to  the  formaHon  of  more 
bile  than  usual.  It  is  hence  impossible  to  say  whether  550  o.c.  per  day 
represents  the  secretion  of  bile  in  the  hutuaii  adult  or  not,  but  it  is 
probable  that  in  health  and  when  the  bite  finds  its  way  into  the  intestine 
the  excretion  is  larger  rather  than  smaller  than  this. 

The  amount  of  tlic  bile  formed  is  dependent  also  on  various  other 
factors,  particularly  on  diet,  There  is  a  general  consensus  of  opinion 
of  all  investigators  that  the  secretion  of  bile  is  at  a  maximum  on  a 
meat  diet  and  at  a  minimum  on  a  carbohydrate  diet.  After  hemorrhage 
tbo  amount  and  solids  of  the  bile  are  both  reduced.  Drinking  water 
does  not  apparently  influence  the  t(«eretion.  In  star^-ation  the  bile  con- 
tinuee  to  be  formed,  in  dogs  at  least,  up  to  the  moment  of  death,  and  it 
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does  nol  materially  change  its  compORiiion,  althougti   it  decreases  in 
amount.    The  following  experiment  of  Albertoai  shows  this  fact: 

Box  SscacrKD  on  Succtasn-s  Dais  or  Fastixb  bt  a  Doa.    Wt.  21  km. 
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1X7  Ml«- 

St 

an*  irr- 

N- 

fMt 

gftmrn 

iratt* 

fUtmat, 

ftt  OMIt. 

1 

74.T8 
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2 

40.45 
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0.08 
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6 
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10 

33.25 

2.01 
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0^4 
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17 

«3.00 

2.U 
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21 

23.00 

3.05 

0.120 

12.2 

0,480 

U 

24.oa 

1.70 

0.013 

7. 2D 

0J03 

er 

I«.00 

IJ7 

0.200 

6.00 

1  1.S2S  Died- 

Functions  of  the  bil«. — If  the  bile  is  cut  oS  from  the  intestino  and 
drained  to  the  outside  by  a  SstiUa,  vei^  serious  disturbances  of  digestion 
follow.  In  dogs  and  human  beings  the  feces  lose  their  color,  they  become 
day-colored ;  they  increase  greatly  in  amount  and  bevome  very  fatty 
ii  fat  is  taken  in  the  food ;  constipation  geueraUy  occurs ;  and  the  odor 
of  the  feces  is  very  strong  and  offensive,  putrefaction  evidently  being 
vcr>-  marked.  At  the  same  time,  although  the  person  or  dog  may  cat 
voraciously,  there  is  a  constant  loss  of  weight,  and  dogs,  at  any  rate, 
die  in  extreme  emaciation  in  the  course  of  four  or  five  weeks,  if  they  bo 
prevented  from  linking  the  fistula  and  thus  swallowing  their  own  bile. 
Both  human  tieings  and  dogs  acquire  a  distaste  for  Cats  if  Uie  bile  is  cut 
off  from  the  intestine  and  will  not  willingly  eat  fatty  food. 

The  changes  just  described  show  that  the  absence  of  the  bilo  is 
followed  particularly  by  a  failure  to  absorb  fat,  but  the  rcabsorption 
,  of  other  foodstuffs,  proteins  sa  weU,  is  ahjo  diminialiod.  The  direct 
examination  of  the  bile  shows  that  it  has  itself  either  no  power  of  diges- 
tion at  all  or  but  slight  action  on  either  fats,  starches  or  proteins.  It  is 
true  that  human  bile  is  satd  to  have  some  solvent  action  ou  fibrin  but  not 
on  ODOgolated  egg  white;  but  on  the  whole  the  bilu  itself  does  not  contain 
digestive  emymes.  It  has,  however,  very  remarkable  powers  of  aiding 
the  digestive  action  of  the  pancreatic  and  intestinal  juices  and  in  helping 
the  absorption  of  fats. 

The  power  of  the  bile  to  aid  the  digestion  of  fats  by  the  pancreas 
WM  observed  by  Claude  Bernard,  who  clearly  recognized  the  importance 
of  the  co-operation  of  the  bile,  pautireatic  and  duodenal  juice  in  diges- 
tion. It  was  particularly  studied  by  Raohford,  who  found  that  the 
power  of  the  pancreatic  juice  of  splitting  fats  was  increased  two  to  three 
times  if  bile  were  present  in  the  digestive  mixture,  and  it  has  beco 
recently  reinvestigated  by  von  Fiirth  and  Schiitz,  who  found  that  the 
addition  of  5  cc  of  bile  to  20  c.c.  neutralized  olive-oil  emulsion  contain- 
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log  steapsia  increased  Utc  amount  of  acid  formed  from  5-10  times  onf 
that  formed  by  the  stcapsiu  alone. 

Rachfoi'd  did  not  Bnd  any  accelerating  action  of  the  bilo  on  amylase, 
bat  he  thought  that  the  digestiou  of  proteins  was  aceelei*&tcd.  Other 
observers  failed  to  find  any  accelerating  action  of  bile  on  trypLic  digea- 
tioD,  so  tbat  the  matter  baa  been  uncertain,  but  recently  this  work  baa 
been  repeated  with  pancreatic  juice  and  bile  from  permanent  fistulas 
of  dogs.  No  accelerating  action  on  the  protein  digestion  of  pancreatic 
juice  and  intestinal  juice  was  observed,  but  there  was  a  alight  favoring 
action  on  amylopain. 

The  substance  in  the  bile  which  thus  accelerates  the  fat-splitting 
action  of  the  pancreas  was  found  by  Rachford  to  bo  the  bile  salts, 
sodium  lanrocholate  and  glycocholate,  which  were  almost  as  favorable 
as  tiie  bile  itself.  Hewlett,  who  repeated  liis  experiments,  attributed  the 
action  of  the  bile  to  the  lecithin  it  contained  rather  than  to  the  bile 
salts.  Hammarsten  has  recently  sliown  tliat  human  bile  has  a  very 
large  amount  of  lecithin,  or  other  phoaphoUpin,  in  it,  so  that  Hewlett's 
results  socmed  not  unlikely,  but  von  Fiirtli  and  Schiitz  in  re-examining 
the  whole  matter  and  vising  synlhetic  bile  salts,  so  as  to  exclude  the 
possibitity  of  the  presence  of  lecithin  as  an  impui'ity  in  the  salts,  have 
shown  tliat  the  whole  pover  of  the  bile  is  due  to  the  bile  salts  and  tJiat 
sod-iiun  chelate  acts  as  well  a.s  the  glycocholate  or  taurocholate. 

Circulation  of  the  bile.  Role  in  absorption. — But  not  only  do  the 
bile  salto  thus  play  a  vei-y  important  part  in  the  digestion  of  fats ;  they 
play  a  not  less  important  and  certainly  a  very  illuminating  role  in  the 
absorption  of  fats.  In  the  absence  of  bile  the  fatty  mailer  in  the  feces 
19  found  to  have  been  split  info  fat^  acids,  but  these  have  not  been 
absorbed.  It  might  bo,  of  course,  tbat  in  the  absence  of  the  bile  this 
splitting  took  place  too  far  down  the  intestine  for  absorption  to  occur 
and  tlie  bile  migfat  by  accelerating  the  splitting  cause  it  to  occur  so  far 
op  in  the  gut  that  absorption  could  take  place;  but  whether  this  is  true 
or  not,  there  can  be  no  doubt  that  in  quite  anoUier  way  bile  iiiQueuccs 
absorption,  if  indeed  it  does  not  play  the  major  role  in  the  mechanism 
of  ab&orption.  "When  fats  ore  being  digested  and  absorbed,  all  the  lymph 
vessels  leading  from  Uie  intestine  across  the  mescnteiy  to  the  reoeptacu- 
lum  chylii  and  so  to  the  thoracic  duct  are  flUod  with  a  white  milky  lymph 
called  chyle;  and  it  ui  by  this  path  mainly,  and  not  by  tlie  portal  circula- 
tion, that  the  fats  arc  absorbed.  Now.  if  the  bile  is  cut  off  from  the  intes- 
tine of  a  dog  and  fat  is  fed  the  chylifcrous  vessels  no  longer  are  white, 
bat  filled  with  a  lymph  not  more  than  opaltisc<«it.  Evhlcntly  in  tlie 
absence  of  bile  fat  docs  not  pass  into  the  chyle  vessels.  Furthermore, 
it  is  not  absorbed  even  if  it  is  given  in  the  form  of  a  soap,  or  as  a 
fat^  acid. 
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A  further  study  of  the  manner  in  wbicli  bile  affects  the  absorption 
has  led  to  the  discovery  that  bile  is  able  to  dissolve  large  amounts  of 
fatty  acida.  Oleic  acid  is  the  more  soluble  in  bile,  but  palmitic,  stearic 
ss  well,  acids  which  are  quite  insoluble  in  water,  are  aolubie  in  bile. 
This  solvent  power  of  the  bile  for  fatty  acid  is  due  at  least  in  large 
measure  to  tlie  bile  rsUs.  The  probability  is  that  the  fatty  acids  form  a 
loose  union  either  with  their  amino  groups  or  in  some  other  way,  pos- 
sibly by  cohesion.  One  or  more  molecules  of  fatty  acid  are  perhaps  thus 
united  to  the  one  molecule  chemically  bound  to  the  bile  salt.  The 
fatty  acids  embark  as  it  were  on  molecules  of  glycocholate  and  taurocho- 
late  and  by  this  means  they  are  ferried  across  the  cell  membranes  and 
into  the  lymph  channels.  The  bile  salts  thus  reabsorbed  are  thrown  into 
the  blood,  carried  to  the  liver  and  are  there  re-excreted.  There  is  thus 
a  circulation  of  bile  salts  from  the  gall  bladder  to  the  intestine  and  from 
the  intestine  to  the  blood,  by  which  they  are  carried  to  the  liver  and 
re-excreted.  Kach  molecule  of  bile  salt  can  thus  function,  theoretically 
ptt  least,  over  and  over  again. 

The  circulation  of  the  bile  was  first  particularly  emphasized  by 
SchifF,  althoufrh  its  possible  occurrence  had  been  sug-gested  before  that 
by  Liebig.  Schiff  obsen-ed  that  tlie  flow  of  bile  fiv)m  a  biliary  fistula 
greatly  increased,  and  in  particular  the  bile  solids  were  increased 
when  bile  was  put  into  the  inteirtine.  He  wag  stTUck  by  the  fact  that 
when  a  fishila  is  6rsl  made  the  bile  flowing  from  it  is  far  more  con- 
centrated than  that  coming  after  six  hours  or  more.  This  decline  in 
total  solids  and  amount  of  bile  and  the  immediate  incrca.se  of  both  when 
bile  was  admitted  to  the  intestine  led  him  to  conclude  that  the  bile,  or 
at  least  the  bile  salts,  were  reabsorbed  and  re-excreted  and  thus  circu- 
ited.   This  fact  has  been  established  by  snbsequent  observation,  and 

ticularly  by  tJie  observations  of  Stadelmann,  who  found  nearly  the 
whole  of  the  bile  salts  put  directly  into  the  intestine  were  re-excreted. 
_How  impossible  it  is  for  any  process  of  difTusion  to  explain  secretion 
shown  by  this  excretion  of  bile  salts  which  are.  pic-Vcd  out  from  the 
blood,  where  they  exist  in  the  smallest  proportions,  and  carried  through 
the  liver  cells  and  into  the  bile,  where  their  concentration  ia  many  thon- 
Kond  times  as  great  as  that  in  the  blood. 

Influence  o£  bile  on  Intestinal  putrefaction. — Bile  has  a  marked 
inSuence  in  nuliicing  intestinal  putrefai^tion  and  in  stimulating  peri- 
staUis.  It  was  at  first  thought  that  it  must  have  antiseptic  properties,  but 
bile  is  itself  easily  pntrescible,  at  least  as  long  as  it  contains  mucin. 
In  fact,  bile  is  a  fair  culture  medium  and  it  not  infrequently  happens 
that  the  gall  bladder  becomes  infected,  bs  in  typhoid  fever,  and  con- 
tinuce  to  aen'e  as  a  permanent  culture  medium,  constantly  feeding 
bacteria  into  the  isteatine.    The  role  of  the  bile  in  reducing  putrefactioa 


* 


4U 


FlIVSIOLOOIGAL  CBEMIBTItT 


is,  hence,  probBbly  an  indirect  one;  by  stimnlafing  digeslion  emd  aiding 
absorpliou  it  {irevente  Uie  accumalatioo  of  pulresoiblo  materials,  and 
by  its  p<!ristalttc  slimalating  powers  it  sweeps  the  bacteria  out  of  the 
Irodj-  and  prevents  constipation.    Bile  is,  in  fact,  a  natural  laxative. 

Summary  of  the  functions  of  tlic  bile. — The  bile  plays  a  very  impor- 
tant part  in  the  digestion  and  absorption  of  the  foods.  While  of  itself 
it  has  little  digestive  action,  it  stiniuIatcA  greatly  the  digestion  of  the 
fata  by  sieapsin  and  other  Upases,  and  it  holds  in  solution  the  fatty  aeids 
set  free.  By  it«  alkalinity  and  because  the  bile  salts,  the  tauroeholale 
and  glycHicholate  and  other  similar  salts,  arc  salts  of  weak  aeids,  it  helps 
neutraJiKe  the  acidity  of  chyme  and  so  makes  a  favorable  medium  for 
the  action  of  trypsin  and  amylopsin.  Even  more  important  is  its  r61e 
in  absorption,  since  in  its  absence  absorption  is  much  reduced.  The  fatty 
acids  combine  chemically  or  phyaically  with  the  bite  uc-ids  and  the  com- 
bination passes  into  the  inlcstinal  cpiUicIial  celts  with  case.  The  bile 
salts  are  then  freed  from  the  fatty  acids  and  carried  to  the  liver,  where 
Ihey  are  re-exeretcd,  thns  forming  a  circulation  of  the  bile.  By  stimu- 
lating peristalsis  and  absorption,  putrefaction  is  much  reduced.  Bile 
is  a  natural  laxative. 

Bile  acts  also  as  a  channel  for  excretion  of  various  substances. 
Cholesterol  is  excreted  in  tlie  bile  and  bile  is  the  only  Suid  of  the  body 
which  will  dissolve  this  substance.  In  addition  the  bile  pigments  appear 
to  be  purely  exeretorj-  substontes  formed  by  the  decomposition  of  the 
blood  pigment.  So  far  as  known  they  play  no  part  in  the  physiology  of 
the  bowel.  Other  substances  may  also  appear  in  the  bile,  such  as  toxins 
or  melaUic  poisons  of  various  kinds. 

Witti  this  statement  of  function  we  may  now  consider  the  chemistry' 
of  the  various  constituents  of  the  bile,  the  pigments,  salts,  lipins  and 
Bkncin,  and  the  manner  and  place  of  their  origin. 

Chemistry  of  the  bile  pigments. — The  peculiar  color  of  the  bile  is 
due  to  several  pigments,  of  which  the  most  important  is  bilirubin,  which 
is  the  mother  substance  of  most  of  the  others.  This  is  the  pigment  which 
gives  the  golden  red  color  to  bile;  it  is  ea-tily  converted  by  oxidation  into 
a  green  pigment,  biliverdin ;  and  by  further  oxidation  it  is  converted  into 
a  aeries  of  colored  substances,  of  which  bilicyanin,  a  blue  pigment,  may 
be  particularly  mentioned.  By  redaction  it  forms  urobilin,  a  pigment  of 
the  urine.  Bilirubin  is  derived  from  the  hemoglobin  of  the  blood,  and 
the  amount  of  bilirubin,  or  the  other  pigments  derived  from  it,  in  the 
bile  may  be  increased  by  any  means  which  causes  taking  of  the  red 
blood  corpuscles  and  frees  hemoglobin  in  the  blood. 

Bilirubin. — The  chemical  composition  of  bilinihin  is  still  uncertain. 
It  is  a  crystalline,  organic,  iron-free  compound,  of  which  the  formula  Is 
cither  C,,n„N.O,  or  more  probably  C„H,jN,Ofl,  according  to  WiUstaet- 
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ter.  The  last  formula  makes  bilirubin  isomeric  with  hematoporphyrin. 
It  yields  on  oxidation  hematic  acid,  CgHgNO^ ;  on  reduction  with  hydri- 
odic  acid,  zinc  or  other  reducing  agents  it  yields  hemopyrrol.  This  latter 
substance  is  a  mixture  of  substituted  pyrrols  from  which  there  have 
been  isolated  methyl,  ethyl  pyrrol  and  2,  3-dimethyl,  4-etiiyl  pyrrd. 
CH  J  —  C  —  C  —  C^H^  cHj  —  C  —  C  —  CjH^ 

H  — C      C  — CH.  CH  — C      C  — CH 

V  V 

Dimethyl-ethyl -pTTToI.  Phyllopyrrol. 

Bilirubin  is  an  acid  and  in  the  soluble  form  is  present  as  the  sodium  salt. 
It  probably  contains  four  substituted  pyrrol  nuclei.  The  way  they  are 
put  together  is  uncertain.  The  following  formula  has  been  suggested 
for  hematoporphyrin,  an  isomer  of  bilirubin,  by  Willstaetter  and  Fischer, 
although  other  formulas  also  have  been  proposed.  This  will  serve  to 
indicate  the  general  nature  of  the  compound. 

CH  =CH— C  — C— CH  CH— C— C— CH  — CH 

"  U      '.1  li      i!0H 

l>^\  /Ye    ■ 

0  C ^=^C 

1  NH       /  \        NH 

COOH— CH  — CH  — JJ— b— CH  CH  — 0  — C— CH  — CH  — COOH 

2  1  >  a  II 

Fonnula  of  bilirubin  suggested  by  Fischer  and  ROse,  C   H   N  0^. 
CH  — C  —  CH  CH  —  C— CH  =  CHOH 

I     \     / 


CH  OH— CH  — C  —  C        C  —  CH 


NH   NH 


HOOC— CH  — CH  —C  =  C       C  =  C— CH  — CH  —COOH 

3  1  ..11 


CH^_C:=C  C  =  C— CHj 

CH,  CH, 

Possible  formula,  of  hematoporphyrin,  C..H.  N,0., 

S8      SB      4     4 

The  acid  character  and  the  substituted  pyrrol  nuclei  are  to  be  seen 
in  this  formula.  In  their  chemical  nature,  then,  the  bile  pigments  are 
clearly  oxidation  products  of  hematin,  the  colored  constituent  of 
hemoglobin.     Oxidation  products  similar  to  those   of  bilirubin  and 
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hematio  are  obtained  from  chlorophyll ;  all  three  yield  hematic  acid,  and 
methyl -ethyl-maleic  iinide. 


OOOII-Cn^-CH^— C  =  C— CH, 


I    1 1 
o=c    c=o 

V 

tffiRiKtie  Mid, 


CHj— CHj— C  =  C— CHj 

V 

Motlij-l-ctlifl-nialaie-lniM^ 


In  every  spot  of  extravasated  blood  ("  black  and  blue  spot  ")  this 
conversion  of  licmatin  into  pi^menta  aualogous  to,  or  identical  with,  the 
bile  pigments  ma^-  be  seen.  Pyrrol,  vrhicli  tlius  foi'oi^  so  important  a 
part  of  the  molecule  of  the  pigments  of  bile,  blood,  urine  and  chlorophyll, 
is  found  in  the  protein  molecule  in  tryptophane,  and  in  the  reduced 
form  in  proline. 

Properties  and  preparation  of  bilirubia.    Amorphous  reddish-brown 
powder,  or  reddish-yellow  or  brown  crj-stals.    Crystallizes  readily  from 
chloroform  solution  by  evaporation  of  the  solvent.    Long  needles.   Insolu- 
ble in  water ;  soluble  in  warm  chloroform,  but  with  difficulty  in  cold ;  more 
soluble  in  alcohol ;  veiy  slightly  soluble  in  benzene,  ether,  amyl  alcohol  or 
glycerol.    Soluble  in  dilute  alkalies.    The  alkali  salts  are  insoluble  in ^, 
chloroform.     The  solatione  show  no  absorption  band.?.     Solutions  o^^H 
bilirubin  in  dilute  alkali  are  precipitated  by  milk  of  lime.     An  aqucous^^ 
solution  of  alkali  salt  of  bilirubin  treated  with  ammonia  and  then  with 
some  zinc  chloride  becomes  first  deep  orange,  which  changes  to  browniah 
green  and  finally  green.    The  solution  then  diows  absorption  bands  close 
to  the  C  line  and  between  C  and  D. 

Bilimbin  is  most  easily  prepared  from  gall  stones  of  cattle.  The 
stones  are  powdered  and  extracted  auccessivcly  with  ether,  boiling  water, 
10  per  cent,  acetic  acid,  alcohol  and  hot  glocial  acetic  acid.  By  th 
oxtractions  cholesterol,  bile  salts,  mineral  const.itucnts,  green  coloring 
matter,  choleprasin  ara  removed.  The  residue  is  washed  with  water, 
dried  and  extracted  with  boiling  chloroform.  The  bilirubin  crystali 
lizes  out  of  the  chloroform  on  cooling.  It  may*  be  recrystalliEcd  from 
hot  chloroform  or  from  hot  dimethylaniline. 

The  reactions  by  which  bilirubin  may  be  detected,  namely,  those  of 
Ehrlich,  Graelin,  Huppcrt  and  others,  are  described  on  page  916. 

Biliverdin. — Bilirubin  in  an  alkaline  solution  has  the  property  of 
auto-oxidation.  If  spread  out  in  a  thin  layer  in  the  air,  it  changes  to 
a  green  pigment  which  is  often  present  in  the  bile,  known  as  biliverdin. 
The  composition  of  this  substance  is  probably  C^HssN^O-,-  ^t  ^oes  n 
crystallize.  By  further  oxidation  with  nitric  acid,  or  bromine  wai 
it  develops  the  aeries  of  colors  noted  for  bilirubin.  At  times,  in  infants, 
especially  in  certain  diarrheas,  biliverdin  may  color  the  feces  a  bright 
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green.  Biliverdin  may  also  be  formed  from  bilirubin  by  gentle  oxida- 
tioD  by  sodium  peroxide,  or  by  Hiibl's  solution. 

Biliverdin  was  found  by  MaeMuna  in  the  mesoderm  of  a  sea- 
anemone  (Actinia  m<sembryanthcnum  (T)).  It  is  a  signifieant  fact 
that  biliverdin,  wbich  contains  no  iron,  combines  spontaneously  vritta 
oxygen  and  gives  it  up  again  almost  as  readily  as  oxybemt^lobin. 

Properties.  Amorphous.  Soluble  in  alcohol,  glacial  acetic  acid, 
dilute  alkalies;  insoluble  in  water,  ether,  chloroform.  The  alkali  salt 
is  precipitated  by  heavy  metals  and  alkaline  earth  salts.  By  reduction 
by  putrefaction,  or  ammonium  sulphide,  it  is  converted  back  to  bilirtibin. 
By  reduction  with  sodium  amalgam  it  Js  converted  into  hydrobilirnfrin. 

Urobilin,  stercobtlin,  hemibilirubtn  and  hydrobilirubin. — The  bile 
pigments  do  not  usually  oceur  iu  the  feces  and  urine,  although  thoy  may 
at  Umes  be  found  there.  The  brown  color  of  tlie  feces  is  duo  to  a  reduced 
bilirubin  called  stercobilin  or  urobilin.  Th^sc  two  are  probably  idi.-ntical. 
Urobilin  is  one  of  tlie  important  coloring  raalters  of  the  urine.  It  disap- 
pears from  the  urine  when  the  bile  is  prevented  from  entering  the  intes- 
tine. It  is  formed  from  bilinibin  by  the  reducing  action  of  tlie  bacteria 
of  the  gut.  It  18  to  be  found  also  in  blood  serum  and  in  bile  itself.  The 
composition  of  urobilin,  or  stercobilin,  is  still  uncertain,  for  it  is  an 
amorphous  body  and  it  is  impossible  to  know  whether  it  has  been  pre- 
pared in  a  pure  state.  It  is  accompanied  in  Ibe  urine  by  a  urobilinoffen, 
a  colorless  substance  which  is  converted  into  urohUin  by  the  action  of 
the  oxygen  of  air.  According  to  Fischer  and  Meyer-Bctr.  there  are  at 
least  two  of  these  urobilinogens:  namely,  hemibilirubin.  to  which  they 
ascribe  the  formula  C,nH4tN,0g,  and  an  unkuown  substance.  By  the 
reduction  of  bilirubin  by  sodium  amalgam  a  series  of  substances  are 
obtained  which  resemble  urobilin,  but  which  are  less  stable.  Among 
the  reduction  substances  thus  formed  may  be  mentioned  hydrobiliTubin, 
which,  according  to  Maly,  has  the  formula  C,,H,t,N,0,.  This  formula 
calls  for  9.8  per  cent,  of  N.  According  to  Garrod  and  Hopkins,  how* 
over,  urobilin  as  isolated  by  their  method  contained  but  4.11  per  cent, 
of  N.  The  relation  of  these  bodies  is,  therefore,  still  uncertain.  It  is  pos- 
sible llittt  what  is  known  as  urobilin  is  a  mixture  of  various  pyrrol 
derivatives,  since  all  of  the  unstable  pyrrnls  show  color  reactions  such 
as  the  Ehrlich  reaction  and  the  fluorescence  characteristic  of  urobilin. 

Properties.  Urobilin  is  soluble  in  water,  but  may  be  sailed  out  by 
saturating  its  solution  with  ammonium  sulphate.  It  is  an  amorpbous, 
brownish  substance  which  in  dilute  solution  is  reddish  yellow  or  rose  red, 
but  is  nearly  colorless  if  slightly  acid.  It  is  distinguished  by  two  proper- 
ties: if  a  solution  ifi  made  faintly  ammoniacal  and  sufficient  ZnCU  Is 
added,  the  solution  acquires  a  beautiful  green  fluorescence.  In  transmit- 
ted light  it  is  a  reddish  color.    Even  very  dilute  solntion.H  may  be  detected 
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by  this  property.  The  oiher  means  of  distingnishiog  urobilin  is  by 
the  absorption  spectram.  Id  a  strong  solution  the  light  is  absorbed  from 
the  Tiolet  end  right  up  to  Frauenhofer  line  b ;  but  in  a  more  dilute  solu- 
tion then*  is  a  well'defiuecl  band  botw««n  b  and  F.  If  S!iiCl,  is  added  to 
the  solution,  another  band  appears  between  b  and  F,  but  nearer  b  than 
the  former.  Urobilin  has  the  property  of  giving  the  Ehrlieh  reaction: 
that  is,  a  brilliant  red  color  on  the  addition  of  a  little  p>dimetliy1  amino 
bcDzaldehyde  to  the  acid  solution.  This  reaction  is  given  not  only  by 
urobilin,  but  by  hemopyrrol  and  all  pyrrols  having  an  unsubatituled  H 
atom  on  one  of  the  carbon  atoms  of  the  ring  (Fischer  and  Meyer-Botz). 
Urobilin  is  soluble  in  CHCli  and  in  acid  alcohol-  The  method  of  sepa- 
rating it  from  the  urine  Ls  given  on  page  761.  Urobilinogen  is  said  to 
give  the  biuret  reaction. 

Cbolohematin. — Besides  the  pigments  belonging  to  the  bite,  other 
pigments  of  an  extraneous  nature  are  sometimes  found  in  it.  Thus  in 
herbivorous  animals  such  as  the  rabbit,  ox,  hippopotamus,  horse  or  goat, 
when  fed  on  green  fodder,  the  bile  often  contains  a.  red  pigmcut  with 
very  characteristic  absorption  bands  called  by  its  discoverer,  MacMunn, 
cholohcmatin.  The  absorption  bands  are  the  following ;  Band  1,  —  ^633  jl^h 
band  2,  A604— 582;  3,  A570— 558;  4,  A530— 515.  There  are  two  baud|i^| 
in  the  nltra  violet.  This  substance  is  not  a  true  bilo  pigment,  but  is 
derived  from  the  chlorophyll  the  animal  has  eaten.  Tliia  red  pigment, 
phyUoerythrin,  as  it  is  called,  is  found  in  the  feces  of  cows.  It  is  derived 
in  fiomc  manner  from  chlorophyll,  presumably  by  the  action  of  the  bac- 
teria of  the  intestine;  it  is  absorbed,  carried  in  the  blood  to  the  liver 
and  there  c:ccrcled  in  the  bile.  If  cattle  are  fed  on  dry  fodder,  the  color, 
disappears  from  the  bite  and  from  the  feces.  This  fact  illustrates  agi 
that  the  bile  is  not  only  a  secretion,  but  an  excretion,  and  toxins  and 
poiaons  absorbed  from  the  intestine  may  be  excreted  in  it.  Cholohcmatin 
is  identical  with  bilipurpurin.  It  is  extracted  from  the  fresh  feces  of 
cattle  fed  on  green  grass.  The  solution  in  chloroform  is  cherry  red.  It 
is  a  weak  Imisc,  insoluble  in  alkali.  It  is  changed  by  HCl  to  a  blue  violet. 
It  would  be  better  to  call  it  pliylloerythrin. 

Where  are  the  bile  pigments  made? — Does  the  liver  make  the  bile 
or  does  it  simply  secrete  it  from  the  blood  as  the  kidney  secretes  urincf 
This  question  has  bocn  answered  by  seeing  whether  bile  pigment  and 
bile  salts  will  accumulate  in  the  blood  after  the  liver  bos  becu  cut  out 
of  the  circulation.  If  the  bile  duct  is  tied,  bile  pigments  and  other  salta 
aecumnlate  in  the  blood  of  mammals  and  birds  so  rapidly  that  they  may 
be  easily  detected  in  the  blood  serum  after  four  to  six  hours.  Now  if  the 
blood  vessela.  the  portal  vein  aud  the  hepatic  arler>'  arc  tied  no  such 
ocoiunulation  occurs,  alUtough  animals  may  live  6  to  18  hours  aft 
the  operation.   Moreover,  under  such  cireumstonccs  the  bile  pigments 
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ifiot  appear  iu  the  urine.  In  birds  the  liver  may  be  extirpated,  leaving 
lonly  vory  small  reomanta  about  the  veua  cava,  since  in  tliese  auimals 
la  connection  exists  between  the  jwrtal  and  kidney  veins,  by  which  the 
'blood  may  reiurn  £rom  (he  intestine  into  the  general  cireulation.  In 
birds,  geese,  ducks  and  hens,  Minkowski  and  Naunyn  found  that  there 
was  no  jaondtce,  nor  did  any  bile  salts  appear  in  the  urine,  althougli 
the  birds  lived  in  some  instances  in  a  fairly  good  state  for  12-19  hours 
after  the  operation.  It  is  then  clear  that  noiinally  bile  pigments  and 
salts  are  formed  in  the  liver  itself,  although  every  blade  and  blue  spot 
in  a  bruise  shows  that  the  bile  pigments  may  be  formed  from  cslravosatcd 
blood  in  almost  any  location  in  the  body. 

feTfac  raw  material  from  -which  the  liver  makes  the  bile  pigments  ia 
blood  pigment,  bem(^lobin.  Bilirubin  and  hemato-porpliyrin  are 
uric  substances.  The  direct  transformation  of  hematin  of  blood 
fcemoglobin  into  bile  pigments,  bilirubin  and  bUiverdin,  is  shown  by 
the  fact  that  any  meana  which  leads  to  the  setting  free  of  hemoglobin 
ui  the  blood  causes  an  increase  in  the  bile  pigments  excreted.  Tiiua 
inhalation  of  ar«eninrcted  hydrogen  causes  a  great  hemolysis,  even 
leatling  to  hemoglobinuria ;  and  injections  of  toluylendiaminc  produce  tho 
same  result.  Bile  secretion  is  greatly  increased  in  animals  poisoned  by 
those  substaneea,  Injection  of  hemoglobin  itself  lias  a  similar  effect. 
Moreover,  liver  pulp  rapidly  destroya  hemoglobin  and,  although  it  does 
not  convert  it  into  bilirubin,  it  is  believed  to  make  it  into  an  antecedent 
of  bilirubin.    Microscopic  examination  of  the  liver  shows  the  various 

I  Steps  in  tliis  transformation. 
Transformation  of  hemoglobin  into  bile  pigments. — We  may  now 
ask  tbe  question  of  the  chemistry  &Dd  method  of  the  transformation  of 
the  blood  into  the  bile  pigments.     The  red  blood  eorpuacles  are  con- 
stantly being  formed  in  the  cells  of  the  red  marrow  of  bones.    It  is 
clear,  tlierefore,  that  they  must  somewhere  be  broken  down  and  dona 
away  with  or  they  would  accumulate  in  the  blood.    All  that  is  known 
indicates  that  it  is  in  the  liver  that  this  destruction  takes  place,  at  least 
H  in  the  birds  and  amphibia,  but  that  tn  mammals  the  spleen  also  plays 
^  an  important,  and  perhaps  the  more  important,  role.    The  destruction  of 
.    corpusclea  in  the  liver  cannot  be  demonstrated  by  the  simple  and  direct 
expedient  of  counting  the  corpuscles  in  the  portal  and  hepatic  bloods. 
Counts  of  this  sort  reveal  no  appreeiabl©  differences  between  the  blood 
entering  and  leaving  the  liver,  uor  is  it  to  be  expected  that  they  would, 
since  so  rapid  is  the  blood  flow  through  this  organ  and  so  large  is  it, 
that  in  any  single  passage  of  the  blood  but  a  very  few  corpiisclca  can 
possibly  succumb.     Ncvcrthck'sa,  there  is  good  reason  to  believe  that 
tbey  do  thus  die  and  rlegencratc  in  the  iivcr  tissue  of  both  birds  and 
amphibia,  since  both  normally  and  when  their  decompo^tion  is  aceel- 
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erated  by  blood  poimns,  snch  as  those  jiist  mentioned,  th?  process  of 
decomposition  is  easily  demon8tral)le  by  tlie  microscope.  Minkowski  and 
Naunyn  bsTe  particolarly  studied  these  processes  in  bird's  liver  and  in 
rabbits  after  poiaoning  with  arseniiireled  hydrogeu,  and  Keyes  has 
recently  shown  Ihc  same  processes  iu  uormat  livers  of  birds  and  ainpliihia. 
There  are  many  qnestioos  which  naturally  arise  in  our  mindii  as  we 
approach  this  problem.  Docs  tlie  liver  aeerctc  into  the  blood  a  sub- 
stance hemolytic  in  nature,  which  is  not  suflk'ient  in  amount  to  dissolve 
aU  the  corpasclea  but  only  the  weakest  oncst  And  does  this  hemolytic 
substance  cause  a  discharge  of  the  hemoglobin  into  tlie  plasma  of  the 
blood  from  which  the  liver  cells  pit-k  it  up  1  or  are  the  corpuscles  eugulfed 
as  such  by  some  of  the  phagocytic  cells  of  tlic  liver  which  by  intracellular 
action  destroy  the  corpuscles  T  If  part  of  the  hemoglobin  is  made  into 
bilirubin,  what  beoomcs  of  the  rest  of  the  corpuscle  T  There  are  in  the 
liver  two  quite  distinct  tissues :  the  endothelium  of  the  blood  vessels  and 
the  glandular  tissue.  Are  tmtb  of  these  tissues  or  only  ono  of  them 
imporlant  factors  in  the  production  of  bile  from  blood  T  While  these 
qutstioDS  cannot  as  yet  be  folly  answered,  certain  facts  have  been 
discovered. 

The  endothelium  of  Uic  blood  vesiicis  constitutes  a  great  organ  extend- 
ing everywhere  in  the  body,  for  which  no  function  htm  tm  yet  been  found 
beyond  that  of  serving  as  the  lining  of  a  tubular  conduit  of  the  blood. 
Is  this  its  only  functiont  or  is  it  concerned  also  in  the  elaboration  of 
the  eonstituenta  of  the  blood ;  of  its  proteins,  plasma  and  blood  cellsl  Or 
does  it  play  an  important  part  in  the  regulation  of  the  eompoRition  of 
the  blood  and  the  doterioination  of  the  viscosity  of  the  blootl  in  the 
capillaries  by  the  production  of  substances  which  act  upon  the  colloids 
of  the  pla.sma,  affecting  fridional  rcsislnnccf  Wc  cannot  as  yet  answer 
these  questions,  for  wc  know  neither  where  the  blood  proteins  arise  nor 
the  functions  of  the  capillary  endothelium.  One  thing,  however,  is  dear 
and  that  is  that  these  capillary  cells  must  certainly  play  an  important 
part  iu  the  control  of  lymph  formation,  to  which  they  stand  somewhai 
in  the  same  relation  as  the  glomerular  eells  of  the  kidney  to  urine  form 
tion.  They  are  also  endowed,  in  certain  regions  at  least,  with  phagoeyt 
powers  and,  indeed,  it  lia.s  recently  been  shown  that  the  giant  ph 
cells  found  in  tissues  arise  from  tlie  capillary  endothelium.  This  ph 
cytic  function  is  nhown  to  a  pre-eminent  degree  by  the  endothelium 
the  liver.  Here  and  there  in  the  liver  these  colls  increase  in  size  and 
when  large  are  called  Kupfer  cells.  These  endothelial  cells  engulf 
boet^a.  They  also,  aci!ording  to  Keyes,  and  as  may  be  seen  in  the 
drawings  of  Minkowski  and  Naunyn,  engUlt  the  red  blood  corpuscles 
in  birds  and  amphibia.  One  of  these  cells  may  take  up  many  of  these 
corpuscles  which  can  be  distinguished  after  engulfmcnt  by  its  outline 


and  by  Ihe  chromaLin  auitcrial,  since  the  corpuscles  of  these  forms  are 
uudealed.  These  engulfed  corpuscles  go  to  pieces  and  may  he  secu  wilh 
out  Lheir  hcmoglohio  here  and  there  in  the  Kupfer  colls,  aud  in  case 
the  destruction  of  the  corpuscles  is  intense,  &  bright-groca  pigm&ni, 
possibly  allied  to  or  identical  with  biliverdin,  may  be  seen  in  thcoi.  At 
Uie  s&uie  time  the  hemoglobin  appears  in  the  endothelial  cells  as  masses 
of  brown  pigment.  Similar  masse-s  appear  shortly  after  in  the  liver  cells 
proper  and  at  the  same  time  the  cell  body,  particularly  aloug  the  bile 
capillaries,  becomes  filled  with  fine  brown  grauulcs.  which  stain  a  deep 
blue  ID  potassium  ferrocyanide,  or  brownish  black  in  ammoniuui  sulphide, 
ahowiug  that  tJicy  contain  iron.  This  iron  has  been  t>ct  free  from  the 
hematin. 

In  the  mammalian  liver  this  phagocytic  r61c  of  the  endothelial  cells 
has  not  been  definitely  established,  but  similar  phagocytic  cells  were 
described  in  the  finest  capillaries  in  rabbit's  liver  after  the  injection 
of  blood  poisons  by  Minkowski  and  Naunyn.  These  cells  were 
present,  however,  in  muiuiuals  in  inudi  snialler  numbers  than  in  the 
bird's  liver.  There  is  also  an  accumulating  mas»  of  evidence  that  la 
mammals  the  spleen  probably  plays  an  important  part  in  the  destnic- 
lion  of  the  corpuscles.  Cells  like  those  phagocytia  cells  o£  the  liver  are 
found  in  numbers  in  the  spleen  containing  engulfed  corpuscles,  and 
recent  surgical  work  indicates  that  the  spleen  is  active,  in  some  patho- 
logical cuuditions  al  any  rate,  in  blood  destruction.  Some  kinds  of 
anemia  have  been  improved  by  exliri>aLion  of  the  spleen.  If,  however, 
the  blood  corpustJes  are  destroyed  in  the  spleen,  this  cannot  be  the  only 
place  of  their  destruction,  since  the  taking  out  of  the  spktm  does  not 
check  the  formation  of  bile  in  the  normal  animal,  and  the  fact  that  bile 
pigmenta  do  not  accumulate  in  the  blood  after  an  Eck  fistula  and  ligation 
of  the  hepatic  artery  also  shows  that,  if  tlic  spleen  is  active,  only  the 
first  stage  of  the  process  can  he  taking  place  in  that  organ.  The  ques- 
tion of  the  destmulion  of  the  red  corpuHcles  in  mammals  is,  thus,  in  a 
very  unsatisfactory  state  and  more  work  must  be  done  before  definite 
eonclusioDS  concerning  this  very  important  (question  can  be  drawn. 

All  the  evidence,  however,  points  io  tiic  conclusion  that  the  hemo- 
globin is  not  first  discharged  from  the  corpuscle  in  the  blood  stream 
and  is  then  picked  out  by  the  liver,  but  that  the  corpuscle  is  engulfed 
as  a  whole  and  tlie  separation  of  the  hemoglobin  occurs  intracelhilarly 
iu  the  phagocytic  cells.  It  appears  then  ttiat  red  cells  in  a  peculiar 
condition,  in  the  condition,  possibly,  which  is  produced  by  the  first  efTect 
of  a  hemolyzing  agent  before  hemolysis  ocimrs,  are  engulfed  by  the 
phagocytic  cells  of  the  liver;  tlicsv  cells  in  birds  and  frogs,  and  possibly 
also  in  mammals,  h»Dg  in  part  at  least  the  endothelial  cells  of  the  liver 
blood  capillaries.    Being  engulfed,  the  hemoglobin  separates  from  the' 
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stroma  and  U  passed  in  some  manner  not  knoira  to  the  liver  cells  proper 
and  there  undergoes  a  transformation  of  such  a  kind  that  iron  is  eplit 
off  and  becomes  readily  demonstrable  by  microscopic  methods;  and  ulti- 
mately the  iroQ-free  part  of  the  hematin  ia  further  transformed  in  the 
liver  cella  into  the  bile  pigmenU,  bilirubin  and  biliverdin.  It  would  be 
very  interesting  to  know,  in  this  connection,  vhether  the  endothelial 
cells  of  tlie  blood  change  themselves  so  that  the  corpuscles  more  readily^ 
adhere  to  them  leading  to  their  engiilfment,  or  whether  they  form  sl 
substance  which,  acting  upon  the  corpuscles,  makes  them  more  easily 
engulfed,  much  as  the  bacteria  are  supposed  to  be  acted  upon  by 
opsonins.  These  and  many  other  similar  queries  are  among  the  mc 
enticing  questions  of  chemical  physiology  at  the  present  time,  since  tbeir 
solution  may  throw  light  on  the  important  subject  of  the  defense  of  the 
organism  from  bacteria. 

It  may  be  mentioned,  in  this  connection,  as  possibly  indicating  one 
reason  for  the  excretion  of  the  bile  pigments,  that  small  amounts  of 
hematoporphyrin  occur  normally  in  the  blood.  It  has  recently  been 
found  that  hematoporphyrin  has  a  very  extraordinary  effect  in  rendering 
animals  sensitive  to  the  action  of  light.  If  hematoporphyrin  h  injected 
into  white  mice,  rats  or  guinea  pigs,  or  if  it  is  produced  in  the  blood  by 
tlie  action  of  poisons,  no  toxic  effects  follow  from  the  presence  of  the 
hematoporphyrin  as  long  as  the  animal  remains  in  the  dark  or  in  a  dim 
light.  But,  if  it  is  brought  into  direct  sunlight,  it  presently  begins  to 
seraleb  vigorously,  often  rubbing  the  hair  and  skin  off,  it  is  very  rest- 
less and  it  will  die  if  not  returned  to  the  dark.  Similar  effects  are  pro- 
duced in  human  beings  by  suoUght  and  hematoporphyrin,  a  rash  and 
skin  eruption  appearing,  followed  by  a  tramendoua  cedema.  The  effects 
may  persist  for  several  weeks  after  taking  hematoporphyrin  before 
the  sensitization  of  the  body  to  light  is  lost.  The  mechanism  of  the 
action  is  not  explained,  but  the  obs«r\'atioiis  are  of  very  great  interest 
Animals  with  much  pigment  in  Uie  akin  are  protected  from  these 
effects.  One  of  the  functions  of  the  liver  is,  then,  to  pick  out  the 
hematoporphyrin  from  the  blood  and  to  convert  it  to  a  harmless  bile 
pigment. 

The  close  relationship  of  the  bile  pigments  to  the  blood  pigments  is 
shown  by  several  facts.  Thus  if  oxyhemoglobin  is  treated  with  dilute 
acid  it  aplits  into  globin,  a  protein,  and  hematin,  CiiH„N,0,Fc;  by 
strong  acid  hematin  is  converted  into  hematoporphyrin,  and  the  iron  of 
the  hematin  is  sot  free  as  inorganic  iron.  Hematoporphyrin  is  supposed 
to  have  the  formula,  C„H„N,0„  or  C„H„N,0„  and  it  is  isomeric  with 
bilirubin,  CiiUm^\0^.*    On  oxidation  both  give  rise  to  hematic  acids. 

'Hie  formulM  of  ttilinibin  ind  licnatoporpliTrtn  are  still  uncertain.    The  older 
'  formula  mIM  for  32  kIMi*  of  carbon.    KOater  sina  34  atomg  ai  mora  probafeK 
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The  bile  pigments  are  also  closely  related  to  chlorophyll. 

The  relation  of  these  three  pigments  may  be  illostrated  by  the  follow- 
ing diagram: 


Hemoglobin 
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Hematic  adds. 

The  bile  salts. — These  are  the  characteristic  constituents  of  the  bile 
which  give  to  this  fluid  its  properties  of  assisting  in  the  digestion  and 
alsorption  of  fats.  In  the  majority  of  mammals  these  salts  consist  for 
the  most  part  of  sodium  salts  of  glycocholie  and  taurocholic  acids,  bnt 
in  addition  to  these  acids  there  may  be  present  analogous  acids  such 
as  taurocholeic  and  glycocholeie  acids.  The  relative  proportion  of  tauro- 
cholic and  glycocholie  acids  differs  in  various  animals;  thus  in  dogs 
glycocholie  acid  may  be  almost  or  quite  absent,  although  at  other  times 
it  may  be  present.  Its  absence  or  presence  may  be  shown  readily  by 
adding  to  the  bile  some  neutral  acetate  of  lead  which  precipitates  the 
glycocholie  acid  but  not  taurocholic.  The  bile  salts  are  salts  of  paired 
acids;  that  is,  they  split  on  hydrolysis  into  taurine,  or  glycocoll,  and 

whereaa  Piaoher  haa  recently  expressed  the  opinion  that  tiiere  are  33  atoms  of  oa^ 
bon  and  38  of  hydrogen. 
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cholic  add.  The  taurine  and  glycocoU  arc  the  some  in  all  ooiinxLls,  bn 
the  cholic  acid  part  of  th«  molecule  ditFors  iu  difFerent  animals.  Tk 
pig  or  the  goose  does  not  have  the  same  cholic  acid  as  the  ox  or  man. 

The  bile  salts  appear  very  early  in  development,  as  soon  in  fact  a 
Oic  liver  has  been  set  apart;  iu  the  chick  embryo  tliey  occur  from  th 
iJiird  day  of  incubation.  They  are  not  foriiied  «JsewUcrc  in  the  bo<Iy  UuU 
in  the  liver,  and  in  fact  may  be  considered  us  the  moat  characteristic 
products  of  the  melabolism  of  this  organ.  Tlicy  give  a  striking  coloi 
reaction  when  tliey  are  mixed  with  a  little  sugar  or  formaldehyde  azu 
the  solution  placed  in  contact  with  concentrated  sulphurie  acid.  A  viole 
ring  develops  at  the  zone  of  contact.  This  is  known  as  Pettenkofer'i 
reaction.  It  is  the  same  as  Molisch's  reaction  for  the  detection  of  c&rbO' 
hydrates,  with  the  exception  that  t)ie  bile  salts  take  the  place  of  th4 
a  -naphthol  aa  the  chromogenJc  substance.  The  reaction  depends  on  the 
formation  of  an  aldehyde-tike  furfural  or  oxyme  thy  I  furfural  from  tho 
sugar  by  the  acid  and  the  condensation  of  this  product  with  the  bilo' 
acids,  or  some  decomposition  product  of  the  latter,  to  a  colored  compound. 
The  reaction  is  not  at  all  specific  for  bile  acids.  It  is  given  also  by 
oleic  acid,  by  many  alcohols,  aromatic  substances  and  other  compounds. 

Preparation  and  properties  of  the  bile  sails.  To  make  an  impure 
solution  of  the  bile  sails,  a  simple  method  is  to  iniv  fresh  bile  with  about 
1  per  cent,  by  weight  of  auimal  charcoal  and  to  evaporate  to  dryness  on 
tbi;  water  bath.  The  dry  residue  is  powdered  and  extracted  with  water 
and  filtered.  The  bile  salts  are  extremely  soluble  in  water  and  go  into 
solution  while  the  pigments  and  some  other  impurities  remain  in  the' 
charcoal.  The  solution  contain^  not  only  the  bile  salts,  but  some  choles- 
terol, mucin,  phosphatides  and  inorganic  salts.  The  bile  acids  may  ba 
obtained  from  this  solution,  if  it  is  sufBciently  concentrated,  by 
acidiScatiou. 

Ptattner's  bUe.  CrystaUized  bUe.  This  is  prepared  in  the  same  way 
an  the  decolored  bile  just  described,  except  that  the  dried  residue  con- 
taining the  charcoal  is  extracted  witb  boiling,  absolute  alcohol.  The 
salta  etro  very  soluble  in  alcohol.  By  this  means  mucin,  pigments  and 
most  of  the  inorganic  salts  are  left  bnhind.  The  alcohol  after  Bltration 
through  a  dry  filter  into  a  dry  flask,  using  care  to  prevent  the  entrance 
of  wattjr,  is  placed  in  a  loosely  stoppered  fiiusk  and  absolute  ether  run  in 
until  a  precipitate  be^ns  to  appear.  It  is  then  set  apart  in  a  cool  place 
and  the  bile  salts  will  crystallize  out.  pro%'idcd  the  rcajrrnls  have  bad 
little  water  in  tbcm.  If  water  is  present,  they  #iU  come  out  as  an  oily 
liquid,  which  may  later  crystallize.  The  salts  thus  CTystaUized  are  very 
deUquesecnt  and  take  up  water  rapidly  from  tho  air.  They  must  be  kept 
in  8  deetccator.  They  arc  known  as  Planner's  lilo.  From  this  partially 
purified  product  the  acids  may  be  separated.    The  cholesterol  is  sepa- 
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rated  by  wastuog  Ui«  salts  with  alwolute  ether.  The  saltB  generally  have 
a  bitter  taste.  They  make  a  neutral  solution.  Some  of  them  may  be 
pret'Ipi1at«(I  by  saturating  their  solutions  with  ammonium  sulphate. 

Glycocholic  acid.^-Cj,^H„NO,.  a.  Properties:  White,  crystallizing  In 
D'Ceitlus.  Slightly  soluble  in  cold  nratcr,  more  soluble  in  warm.  Very 
soluble  in  strong  alcohol,  less  in  dilute.  m.p.  193*.  Sbrinks  133  134^  ou 
rapid  heating.  KecrystalUzes  readily  from  dilute  alcohol  ou  cooling 
(Alcohol  10-30  per  cent.)  Slightly  soluble  in  etber  (1:1,000),  and  is 
[)reci]Htal4>d  from  alvoholie  ttoltition  by  eiher.  Practicntly  iuaoluble  in 
benrol  and  chloroform.  Rotatory  power  of  alcoholic  solution  (") '„'''  = 
+32.3'  (Ijetsche).  Na  glycocholate,(tt)'p*":=+24.3',  dissolved  inwaler; 
+27.8'  in  9^  alcohol  (Letsche).  The  alkali  and  alkali  earth  salts  are 
soluble  in  water;  most  others  are  insoluble.  All  of  them  are  soluble  iu 
alcohol,  except  lead.  Qlycocholic  acid  ia  precipitated  from  solution  by 
neutral  acetate  of  lead.  This  distinguishes  It  from  tauroeholate,  which 
ia  precipitated  only  by  basic  lead  acetate.  Its  taste  ia  bitter,  with  a 
sweet  after  taste.  The  affinity  constant  K  is  .013S.  The  acid  is  hence 
about  as  strong  as  lactic  acid.  Its  salts  do  not  make  colloidal  aqucoiu 
solutions. 

b.  Decomposition  by  acidi.    Cooked  with  acids  it  decompoaea  into 

glycocoU  and  eholic  acid  as  follows : 

^■»"./-«.  +  ".0  =  C,H.NO,  +  0„H^„0,. 
Gtjcficholicnrid.  OlycooDlI.     Cholic  acid. 

By  farther  heating  the  cliolic  ai^id  loses  two  molecules  of  water  and  is 
converted  into  dyslysine,  CjilT^Oj. 

c.  Preparation.  From  some  biles  containing  principally  glycocholic 
acid  the  glycocholic  acid  is  very  easily  prepared  by  acidiScation  after 
the  addition  of  some  ether.  The  bile  of  o!;en  often  contains  &  good  deal 
more  of  glycocholic  acid  than  taurochoUc.  In  some  cases  it  is  only  neces- 
sary to  filter  the  bile  through  clmrooal,  to  partially  or  wholly  decolorize 
it,  slightly  acidify  to  remove  mucin,  filter  and  then  add  a  mixture  of 
5  parts  HCl  and  30  parts  of  ether  to  100  parts  of  bile  to  have  the  glyco- 
cholic  acid  crystallize  out.  Generally,  howevpr,  It  will  be  found  neces- 
aaiy  to  make  first  crj'8ta.I]ine  bile  in  the  method  dcHcribcd.  This  gets 
rid  of  the  mucin.  A  strong  solution  of  the  crystalline  bile  is  made  after 
first  freeing  tlie  crystals  from  cholesterol  by  anhydrous  ether.  Some 
ether  ia  addvd  to  the  solution,  and  then  little  by  little  a  solution  of 
sulphuric  acid.  This  is  added  cautiou.sly  at  first  until  urj-stallization 
bepns  and  then  more  freely.  The  glycorholie  acid  cryBtallizcs  out,  leav- 
ing the  taurochoUc  acid  in  solution.  This  mpthod  dops  not  always  yield 
d^statline  glycocholic  acid,  particularly  if  much  tauroeholate  is  present. 
It  may  be  necessary  to  separate  from  taurocholic  acid  by  precipi 
vith  oeutral  lead  acetate.    This  precipitates  the  lead  glyoocholate. 
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iog  the  taurocholafe  for  the  larger  part  in  solution.  The  precipitate  is 
filturcd  oif,  waslied  with  water  on  the  filter  and  dissolved  in  warm 
alcohol.  The  lead  is  separated  with  eulphuretod  hydrogen,  the  lead 
sulphide  filtered  off,  the  filtrate  concentrated  and  the  free  acid  precipi- 
tated by  the  addition  of  ether.  It  slowly  crystallizes.  From  the  first 
filtrate  the  lead  salt  of  taurovholic  acid  may  be  precipitated  by  basic 
lead  acetate. 

Taurocholic  acid. — C„n,,NSO,.  a.  Properties.  White,  needlo- 
ahajwHl  crystals  very  deliqutasotitnt,  and  very  bitter.  Decomposes  on  cook- 
ing with  water,  but  when  dry  moy  he  heated  obove  100'  without  change. 
Acids  and  alkalies  dcoomposc  it  into  taurine  and  choltc  acid.  In  alco- 
holic solutioQ  ('ir)n =-1-24.6'.  Very  soluble  in  water,  soluble  in  alcohol, 
insoluble  in  ether.  Dissolves  some  glycocbolic  acid.  It  is  a  fairly  strong 
acid,  and  it  decomposes  in  solution  more  readily  than  glycocholic  acid. 
It  is  stronger  tlian  glycocholic  acid.  The  salts  are  soluble  in  water  and 
alcohol,  but  insohible  in  ether. 

b.  Preparation.  It  is  most  easily  prcporcd  from  the  bile  of  dogs 
which  contains  often  very  little  glycocbolic  acid,  or  from  the  bile  of  the 
haddock  which  contains  only  taurocholic  acid.  It  may  be  prepared  by 
precipitation  with  basic  lead  acetate  in  the  manner  described. 

e.  Decomposition.  By  hydrolysis  by  acids  or  alkalies  it  splits  read- 
ily into  taurine  and  choUc  acid  as  follows : 


THUrot!holic&(>iiL 


C,H,NSO.  +  C   H   O 

Id. 


Cholicafiit 


Tattiin*. 

Taurine  is  derived  from  c>'stijic  by  reduction  of  the  latter  to  cysteine 
and  the  oxidation  of  the  cysteine  followed  by  a  dccarboKylizutiou,  thus: 
H     NB^  0    H     NH^  OH     NH^ 

nS-C— C-COOH-f  0  =H0— S-C~C— O0OH=sHO— s-c-c— n+co 

A  A  « u        n  I, 

Cyitttine.  IntariMKluit*.  I'liuriiiu. 

Taurine  is  found  very  widespread  in  nature,  showing  that  the 
processes  by  which  it  is  derived  from  cj-steine  mast  be  very  common  in 
cells.  It  is  found  in  many  tissues  of  the  body  and  is  probably  a  normal 
intermediary  produ<>t  of  (cystine  metabolism. 

The  determination  of  the  ajnount  of  taurochutic  aoid  m  various  biles 
has  beet)  generally  made  by  dct4;nninin(;  the  sulphur  in  tho  cllicr  insol- 
uble, alcohol  soluble  part  of  the  bile  and  computinR  the  taurocholic  acid 
from  tliis  on  the  hypotheeia  that  taurocholic  acid  is  the  only  sulphur  con- 
taininc  substance  in  the  bile  Itavlog  these  solubilities.  This  mothod  of 
determination  of  the  amount  of  taurocholic  acid  has  been  shown  recently 
by  HammarstCD  to  be  quite  incorrect,  owing  to  the  fact  that  there  is  In 
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many  bilea  some  ethereal  sulphate  and  sulpholipin  which  have  the  same 
Mlubility  in  alcuhol  as  taurocholic  acid.  It  is  not  possible  to  say  posi- 
tively how  mach  taurocholic  acid  there  is  in  bile  for  Ihis  ri-ason.  The 
following  Uble,  taken  from  namiuanitiin,  shows  the  amount  of  sulphur  in 
the  crystallized  bile  of  various  animals: 

AilooKT  OF  SuLPHoa  IS  Vabioob  Biud   iHauinmiBtenl. 

,   ^.  Sulphur  In  cUicf  in-   Snlutinr  In  alcnho 

AnbiMl  lolabla  hlln  wit*-  «i»ubla  4riad  blle- 

per  ccvL  par  cant. 

QoOM 6.34  3.8M.S1 

Sonke   (bo*  oonatr.)    A14  4.11 

Dog  8.21 

Snake    |  pjUion  >    6.M 

Fox   SM 

Bear    0.94 

Sheop    6.71 

FLbIi 6.S6-5.99 

(Iiwldoek     tM 

Walrus     , .  ...  4.37 

Gtmt   5,S(I 

Wolf  8.0X 

Hra     4.«fl 

Calf     AM 

Ox   L68  ».43 

Musk-ox Z.05-3.09 

Kuisnrao >.......         ^7  .... 

BippopoUmiu    1.84 

Orang-utoiig   t...  .  ..  l.Sf 

Mon     0.21-2.fl7 

MiiB    0.83-2.09  0.85-1.80 

Pig    0.33  0.58 

Human  bile,  as  will  be  seen,  contains  but  very  little  sulphur.  In 
fact,  in  one  case  of  a  bile  fistula  Jacobeon  found  none  at  all.  If  it  be 
remembered  that  taurocholatc  alone  contains  5.95  per  cent  of  H,  it  will 
be  seen  that,  if  the  sulphur  is  contained  altogether  as  laurocholate,  some 
of  these  biles  can  have  practica.lly  no  glycocholie  acid.  Such  is  certainly 
the  case  for  the  haddock  and  at  times  in  dog's  bile,  but  in  other  animals 
the  sulphur  may  not  be  present  iu  the  form  of  taurocholate  at  all.  Thus 
in  the  bagfish,  Scyiimus  borcalis,  altliough  the  alcohol  soluble  bile  solids 
contain  &.3  per  cent.  S,  this  la  all  ethereal  sulphate  and  there  t9  no 
taorocholic  acid,  but  instead  a  substance  allied  to  choHc  acid,  or  cholee- 
terol,  called  by  Hammarsten  seyranol,  Cj,H„Oj,  which  is  paired  with 
sulphuric  acid.  Human  bile,  aUo,  contains  these  ethereal  sulphates  to 
very  dilTering  amounts  in  different  people,  and  Ilammarsten  has  sug- 
gested  that  tliey  arc  very  likely  derived,  like  the  similar  bodies  in  the 
urine,  from  intestinal  putrefaction.  In  the  bile  of  the  new-born  and 
sucklings  Jaco)iowit»eh  found  only  taurocholic  acid;  bat  Buginaky  and 
Sommcrfeld  Kot  also  gly^ocholic.  The  bile  of  a  ray,  Baja  batia,  also 
contained  the  greater  part  of  the  sulphur  as  etliereal  sulphate.     The 
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amouut  of  the  sulphur  as  etbcreal  sulphate  in  hunmn  bile  may  voi 
from  6-17  per  cent,  of  the  total  siilplnir  of  the  alcohol  soluble  aolitla. 

It  is  pusbiblo  bj  fueding  anitimlti  i^IioHc  acid  to  inerease  Kottiewhat 
amouut  of  taurocholic  acid  in  the  bile.  The  body  !t««nis  to  have  a  aupp 
of  taurine  in  reavrve  vrhich  it  can  unite  with  the  cholic  acid  fod.  Th 
reserve  of  tuiirino  is,  however,  soon  pxhuusted  and,  if  more  cholic  aci 
is  fpxca  than  enough  to  combine  with  tbc  taurine,  it  appears  in  boh 
ollior  form  than  as  taurocholic  acid  and  chiefly  in  tho  form  of  glyo 
eliolic  acid.  The  dog's  body  appears  to  form  laurochoUc  acid  by  pre 
ereuce,  but  in  the  absence  of  suflicieut  taurine  glycocoll  is  used  iiuitesi 
It  UiuH  happens  thai  while  taurocholic  ai^id  is  gcueralty  present  in  lar 
exee»!i  in  the  dog's  bile,  yet  more  or  less  glycot-hotic  acid  may  bti  fou 
there  also.  Indeed,  after  glycocbolic  acid  is  token  by  Uic  mouth, 
reappears  in  the  bile  as  such.  But  while  the  bmly  lias  some  rcser 
of  taurine  and  a  large  reserve  of  glyeoi:oll  lo  pair  with  any  cholic  ooi 
produced,  there  is  do  reserve  of  cholic  acid  to  pair  with  the  taurine. 
has  been  found  that,  if  eyetiae  is  given  alone,  there  is  no  increase  in 
sulphur  of  the  bile,  the  reason  being  that  there  is  uo  reserve  of  ehol 
acid  to  pair  with  it;  but,  if  cystine  and  choUc  acid  are  given  togatbf 
taurucholie  acid  is  much  increased. 

Cholic  acid. — C„Ht«Oe.  This  is  also  called  eholalie  acid.  It 
formed  by  hydrolysis  from  the  conjugated  acids  just  described.  F 
10  liters  of  os  bile  Sehryvcr  obtained  U2o  granxs  of  cbolie  acid,  ' 
grams  of  choleie  and  40  gniiiis  of  dcoxyoholcic  neid  in  the  crude  crysti 
line  form.  Pregi  and  Buehtala  obtained  from  ox  bile  51. '2  per  ceut. 
(he  total  fatty  and  bile  acids  as  oholic  acid. 

a.  Preparation.  The  following  method  of  preparation  of  cholic  ai 
other  acids  of  the  bile  was  employed  by  Schry^'er  (1913) :  2.5  liters 
fresh  ox  bile  were  mixed  with  170  grama  of  NaOH  dissolved  in  300  e 
of  water  and  heated  ^0  hours  in  an  iron  digester  with  a  reflux  condemn 
The  mixture  was  then  diluted  witli  twice  its  volume  of  water  and,  whi 
Blill  warm,  acidified  with  dilute  HCI,  vigorously  stirring  after  ea«h  ad 
tion  of  acid.  The  crude  acjils  Kejmraled  us  ii  viEi>!id  oil,  pasty  on  coo 
ing  and  sometimes  granular.  After  stauding  overnight  the  mas*  wi 
Altered,  washed  free  frora  IH'A  by  kueadinf;  in  watxT,  dried  on  tl 
water  bath  and  powdered.  It  was  disKoEved  in  an  excess  of  dilu 
NH,OH.  so  dilate  that  there  was  in  solution  finally  not  more  than  5  pi 
cent,  of  the  ammonium  salt,  and  some  pigment  was  removed  by  boilin 
with  animal  charcoal.  It  was  fdlored,  precipitated  by  dilute  HCI,  the  pr 
ctpitato  washe<)  with  water,  and  dried  in  vacuo  over  CaCI,  and  wh 
lime.  Prom  time  lo  time  the  surface  lumps  were  removed  and  powders 
and  Anally  it  was  a  powder,  wbit-h  was  recrystalli/.cd  from  hot  acetOD 
Qltdred  hot.    On  vooling,  the  crystals  were  filtered,  using  the  pump,  an 
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washed  in  cold  acetone  until  uearij'  free  from  mother  liquor.  Tlie 
filtrates  unJ  washings  united  yielded  a  second  crop  of  crystals  when 
concentrated.  The  process  was  repealed  until  only  a  green  mother  liquor 
was  left,  from  which  no  more  crystals  separated.  All  crystals  were 
united.  The  separation  of  choli«,  eholeic  and  dooxycholeic  acids  was 
accomplished  by  Uie  difference  in  behavior  of  the  Mg  salts.  Tlie  mag- 
nesium salts  of  choktc  and  deo.\yeLolcic  acids  arc  less  soluble  Ihau  cbolic 
acid.  The  ciystals  are  suspended  in  hot  alcohol,  a  tittle  pbenolphthalcin 
added  and,  while  the  alcohol  is  kept  hot,  NaOH  is  added  until  a  faint 
alkaline  reaction  was  obtained.  The  alcohol  was  then  evaporated  on 
the  water  bath,  the  sodium  salts  taken  up  in  water  so  that  100  c.e.  of 
solution  corresponded  to  1  gi'am  of  the  crude  crystals,  filtered  and  made 
neutral  to  phenolpbthalein  with  acetic  acid.  The  solution  was  mixed 
with  one-tenth  ita  volume  of  20  per  cent.  MgCl,  and  heated  on  the  water 
bath.  A  bulky  crystalline  precipitate  gradually  formed.  After  heating 
1  hour  it  was  allowed  to  cool.  The  precipitate  consisted  of  the  Mg  salts 
of  choloie  acid,  deoxycholeie  acids,  with  a  little  cholie  acid.  Cbolic  acid 
was  obtained  by  acidi^ng  the  mother  liquor.  Choleic  acid  was  sepa- 
rated from  deoxycholeic  by  precipitating  it  as  barium  choleato,  the 
barium  salt  being  insoluble. 

b.  Properties.  White,  crystalline,  very  bitter  substance.  Almost 
in.soluble  in  water,  soluble  in  alcohol,  but  not  very  soluble  in  ether.  It 
cr>-sta1Iizes  from  alcohol  when  water  is  added  to  the  latter  in  the  form 
of  rhombic  pyramids  and  tetrahedrons  which  contain  a  molecule  of  water, 
m.p.  198°  (Bondi  and  Miiller).  Ita  solutions  an>  dextro-rotatory  C«)i,= 
-f  3S°.  It  gives  Pettenkofer's  reai-fion.  It  combines  with  water,  with 
the  halogen  acids  and  potassium  iodide.  It  is  unHaturated.  The  alkaline 
salts  and  barinra  salt  of  cbolic  acid  arc  very  sohiblc  in  water,  the  other 
alkaline  earths  less  soluble  in  water.  On  oxidation  with  nitric  acid  it 
forma  first  dchydrocbolic  acid,  C,,n„Os,  and  finally  oxalic  acid,  various 
volatile  fatty  acids  and  cholesterinic  acid,  C,H,„Os.  Ita  stmctural 
formula  is  unknown,  but  it  is  related  to  choleaterol  and  the  terpenes.  A 
formula  supgeatod  is  the  following  (PrepI,  1910)  : 


CH.CH 


=  CH.6H 


OH 


Another  formulji  suggi'Sted  by  Panzer  is  given  on  page  430.  It  lias 
a  very  characteristic  iodine  reaction,  forming  with  the  latter  a  blue- 
colored  compound  like  starch.  If  2  grams  of  cbolic  acid  and  1  gram 
of  iodine  are  dissolved  in  40  c.c.  of  alpohol  and  to  this  is  addwl  20  c.e. 
of  a  solution  of  KI  containing  1  gram  of  1,  a  compound  is  formed  which 
oo  the  addition  of  water  with  constant  stirring  precipitates  as  a  mass 
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of  LliUsh  crTstoIs.  Tti«se  arc  insolablc  in  water.  They  resemble  staTcli 
iodide.  The  formula  is  supposed  to  be  (C„H„0,).KI+uH,O.  Other 
Bcida,  such  as  deoxycholeie,  hyocholie,  biliauie,  etc.,  do  not  give  Uiis  reac- 
tion. When  heated  Id  water  to  200*  iu  an  autoclave  it  forms  the  anhy- 
dride, dys/wmc. 

Chnlic  acid.      Djslulne. 

Alkalies  reconvert  the  dysUsine  into  eholic  acid.  The  close  relation  of 
cholic  acid  to  cholesterol  and  its  probable  derivation  from  that  substance 
is  shown  by  the  fact  that  both  choleatorol  and  cholic  acid  fflve  the 
Li&chiitz  oxycholesterol  reaction  after  oxidation  with  benr.ol peroxide 
(see  pa^ft!  S.3)  and  that  both  yield  on  oxidation  rliizoc'hoHc  acid,  C,H,0|, 
which  probably  has  the  following  composition : 

CI^-C— COOH 
I  '^C— COOB 

HOC— CH 

COOH 
Bhitocholic  uld. 

The  same  acid  is  o1>tainod  from  camphor  and  oil  of  turpentine  wlieu 
oxidized,  which  shows  that  cholic  acid  and  cholesterol  are  terpeues. 

With  nCI,  cliolic  acid  gives  a  color  reaction  (Uammamten).  Pow- 
dered cholic  acid  shaken  with  25  per  cent.  IICl  at  room  temperature 
colors  the  fluid  at  first  yellow  to  preen  and  then  after  several  hours  a 
bluish  violet,  which  deepens  for  the  next  24  hours.  It  shows  an  absorp- 
tion band  near  D.  The  chan^  takes  place  more  rapidly  on  heating.  Not 
all  bile  or  cholic  acids  give  this  reaction. 

HH    nn      nonnii    nn 
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'«nUtiv«  lonniiU  of  «hel{e  ncId  (Punsnf). 
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Glycocholeic  acid.— C„H.,NOj.  Besides  the  ordinary  glycoehoHe 
acid  found  in  ox  and  dog  biles,  a  similar  bnt  somewhat  different  acid 
is  also  found,  and  it  probably  occurs  elsewhere.  It  is  present  in  smaller 
amounts  than  the  ordinary  glycocliolic  acid.  It  consists  of  glycocoll 
paired  with  choleic  acid.  Glycocholeic  acid  differs  from  glycocholic  acid 
in  the  following  points:  It  co"«talIizea  in  ^lort,  thick  prisms;  it  lias  a 
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rery  bitter  taate,  with  only  a  weak  sweet  after-tast«;  it  jb  stotuble  with 
difficulty  in  boiling  water;  the  melting  point  is  higher,  namely,  175-176° ; 
its  aqueous  alkali  salt  solutions  are  precipitated  by  the  addition  of 
barium,  calcium  or  mafirnesium  chlorides.  In  this  way  it  may  be  sepft- 
ratcd  from  (ftycocbolic  acid.  The  sodium  salt  solution  is  far  more  ea^y 
pT«cipitat«d  by  the  additi<»i  of  a  saturated  solution  of  NaCl  than  is 
the  corresponding  salt  of  glycoeholic  acid;  and  tbe  pure  solution  of  tfac 
alkali  Hutt  is  precipitated  by  the  addition  of  acetic  ai!id,  whereas  the 
pure  alkali  salt  solution  of  glycoeholic  acid  Is  not  precipitated  by  the 
addition  of  acetic  acid;  a  solution  of  sodium  glycocholate  is  precipitated 
by  acetic  acid,  however,  if  free  neutral  sails  such  as  NaCt  are  present 
in  the  solution  (Wahlgren,  1902). 

Qlycocholeic  acid  may  be  separated  from  ox  gall  by  Waldgreu's 
method  as  follows:  The  fresh  bile  is  evaporated  to  a  syrup  aud  th« 
mucin  precipitated  by  the  addition  of  alcohol.  The  alcohol  is  evaporated 
from  Iho  filtrate,  the  residue  dissolved  in  water  and  preeipitated  by 
the  successive  addition  of  lead  acetate,  basic  acetate  and  nramonisoal  lead 
acetate.  The  first  precipitate  contains  both  glycocliolale  and  glyco- 
choleate.  It  is  freed  from  lead  by  NaXO,.  filtered,  the  filtrate  evapo- 
rated to  dryness  and  the  residue  extracted  with  alcohol  to  free  from 
carbonate.  Tho  glycocholate  dissolves  readily  in  the  alcohol;  the  glyco- 
cholcatc  dissolves  with  difficulty.  It  may  be  separated  by  precipitating 
it  with  BaCl.,  which  precipitates  the  eboleate  but.  not  tbe  cholate. 

Taurocholeic  acid. — This  aetd  lias  been  isolated  from  dog  and  ox 
bile.  It  is  less  abundant  than  the  tauroeholie  acid.  It  consists  of  taurine 
and  choleic  acid.  It  contains  more  sulphur  than  tauroeholie  acid, 
namely,  6.25  per  cent,  uistead  of  5.94  per  cent,  in  the  sodium  salt.  It 
is  acparatcil  from  Uie  taurocholate  by  being  uot  so  easily  precipitated 
from  its  alcoholic  solution  by  the  addition  of  etlicr,  as  is  the  taurocholate, 
and  when  in  aqueous  solution  it  is  precipitated  by  the  addition  of  ferric 
chloride,  whereas  taurocholate  is  not  precipitated  (Gullbriug,  1905}.  It 
is  intensely  bitter  with  no  sweet  aftcr-tnste.  It  has  not  been  obtained  in 
a  crj'stalline  form.  Like  tauroeholie  acid  it  is  readily  precipitated  by 
KaCl.  as  a  thick  honey-like  mass. 

Choleic  acid. — Tlie  probable  formula  for  this  acid  is  C„H,oOi 
(Laasar-Cohn) .  It  thus  has  the  same  formula  as  eholic  acid,  although  its 
diacovcrer,  Latschinoff,  ascribed  to  it  the  formula  Ci(,H,;0,.  for  the  water- 
hw  salt.  Choleic  acid  is  very  much  like  cholie  acid,  but  is  less  soluble 
in  water,  alcohol,  and  glacial  acetic  acid.  The  water-free  acid  melts 
between  185-390°;  the  water-containing  acid  melts  at  135-140"  and  at 
150*  forms  a  homofjeneous  liquid.  After  repeated  recrystallizations  from 
glacial  acetic  acid  it  melts  at  145".  Tliis  is  probably  the  acetyl  compound, 
Thia  is  tlie  same  melting  point  m  dcoxycliolic  acid,  which  is  probably 
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IdentlcA]  vIUi  choleic  acid,  act^ording  to  GuHbring.     (Soe,  howevwj 
S(;hr;j-ver).    It  forniK  an  insolublw  barium  salt  by  which  it  can  bo  fl6| 
araletl  from  cliolic  acid. 

Other  cholic  acids. — In  the  bil«  of  other  animals  than  the  ok  and' 
doR.  otlicr  cholic  acids  and  their  conjugates  are  fouud.  Thus  in  the 
pig  hyoclycocholic  acid  occurs,  and  iii  the  bile  of  gecac  clicnotaurocholic 
n<;id.  lI.voglycochoHc  acid  has  been  given  the  formida  O;.n„N0j. 
Chenocholio  acid  is  Cj.H,,0«.  There  is  little  doubt  that  a  number  of 
these  more  or  less  closely  isomeric  eholie  acids  occur  in  difTerent  bilea. 

Soaps. — Bile  eontains  small  amoimtfl  of  ttio  sodium  Halts  *of  various 

fatty  aciils  (myristic,  palmitic,  Ktearie),  among  which  RcMlimn  oleale  may 

be  especially  mentioned.    The  presence  of  these  soaps  affects  the  ease  of 

precipitation  oF  the  bile  salts  by  nrutral  sails,  tlie  presence  of  sodium 

oleate  particularly  interfering  vrith  thi;  suiting  ouL     From  10  liters  of 

OX  bile  Sebry\'er  obtained  the  following  amounts  of  fatty  and  bile  acids: 

Cliolic  acid   22S  grama  1 

Cbol«ia    "     T&  grutu  [  350  gruui  of  crude  cr^iUlline  acid*. 

Dcoxyoliftleie  mU   ...       40  grama  ) 


Ftattv  add«   ....,,.       20  graaB  ' 
^gment  (crcen)  add      12  graiiu| 


es  gniffl*  trnm  mnthor  lii]iiorii  of  ^evUme  ery« 
tallization. 


.1 


Gtiuiiy  acid    . .       35  fram 

Prcgl  and  titichtala  found  in  the  bile  of  oxen  of  Gratz  10  per  cent. 
of  the  total  acids  as  fatty  ariids;  51.2  per  cent  ns  cholic;  11.9  per  cent. 
cbolcici  13.5  per  i-cnl.  dfjoxynholcir;  12.6  per  cent,  non-crj'iitallizable. 

Cholesterol  in  bile. — Cholesterol  has  been  found  in  the  bile  of  all 
animals  in  which  it  has  been  looked  for,  with  the  exception  of  the 
hippopotamus.  While  the  amount  of  cholesterol  in  human  bile  is 
not  very  great,  its  imjtortanee  is  increased  by  the  fact  that  it  is  one 
of  the  chief  constitnpiils  of  pall  Ktones.  The  amount  in  human  bile  is 
given  as  1.6  part.s  pt-r  Ihousaad  liy  Frcrichs;  and  as  1.00  per  thousand 
in  ox  bile.  In  venous  blood  there  ia  in  the  serum  only  0.09  p.m.  (Bec- 
querel  and  Rodi),  and  in  the  whole  bloml  only  about  .44-.75  p.m. 

Cholesterol,  as  its  name  implies,  i.c.,  EOltd  bile,  is  one  of  the  commonest 
coostitnents  of  gall  stones  of  which  it  may  form  anj-whore  from  20-90  per 
cent  The  general  properties  of  this  subetance,  so  common  in  all  cells, 
has  already  h«wn  given,  page  81,  and  here  only  the  amount  in  the  bile, 
and  its  origin,  function,  and  fate  will  be  considered. 

Cholesterol  is  entirely  insoluble  in  water  or  ui  salt  solutions  whether 
neutral,  acid  or  alkaline;  ita  solnlttm  by  the  bile  is,  Iherefure,  a  singular 
Ckct^  The  bile  is  in  fact  able,  as  Moore  and  Roaf  showed,  to  dissolve 
even  more  cholesterol  than  is  ordinarily  found  in  it.  If  solid  pieces  of 
cholesterol  are  put  into  biie  they  dissolve  (NatimTi).  This  power  of  solu- 
tion of  the  bile  depends  on  the  presence  of  the  bile  salts  and  specifically 
upOQ  the  cholic  acid  radicle  of  the  salts.    The  bile  salts  themselves  are 
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Dly  soluble.  The  cholic  aeid  part  of  tlic  salt  is  probably  closely 
'Milltod  vhemically  to  cholesterol.  It  is  probal)lc  ilmt  ehoIc>it<^rol  uiuten 
either  physically  or  ehemically,  in  aomc  way  not  yet  known,  wilh  tlie 
cholic  nrid  of  tlic  bile  salU,  and  is  thus  held  in  eolutjon.  It  will  be  re- 
cniled  that  the  bile  sails  are  hemolyiie  agents  and  in  this  reapect  act 
like  the  saponins  and  Ihcse  saponins  have  bi^on  shown  by  Windaus  and 
Yogi  to  form  easily  dissociable  compounds  with  cholesterol.  Il  is  not 
improbable,  therefore,  that  cholesterol  imitcs  aimilarly  with  the  hemolytic 
group  of  the  bile  salts  and  the  compound  thus  formed  is  soluble  in  the 
bile. 

The  ori^n  of  the  cholesterol  of  bile  is  not  yet  certain.  It  may  be 
derived  in  part  from  the  food  and  in  part  from  the  cholesterol  of  the 
red  blood  cells,  which  arc  destroyed.  A  part  of  the  eholcsterol  thua 
passing  in  might  be  changed  to  cholic  acid,  u  part  might  be  secreted  un- 
changed. A  part  miglit  be  made  in  the  Hvcr  from  fat  or  sugar  by  the 
metabolism  of  that  organ.  Dor6c  and  Qardnor  have  found  only  traces 
of  cholfslerol  in  feces  after  feeding  dt^  various  oookcd  foods,  such  as 
oatmeal  and  milk,  beef  and  mutton,  horseflesh  or  other  foods.  Stercorol 
was  excreted  on  a  diet  of  raw  sheep's  brains.  If  cholesterol  is  given  in 
food  lo  rabbits  some  ia  reabsorbed  and  finds  its  way  to  the  btood,  causing 
there  an  increase  in  both  the  free  cholesterol  and  the  cholesterol  CBtcni, 
aa  measured  by  the  digitonin  raelhod.  If  phylostcrol  was  fed  to  rabbits 
it,  also,  was  absorbed  in  part,  resulting  ia  an  increase  of  free  cholesterol 
of  the  blood;  but  phytosterol  did  not  appear  as  such  in  the  blood. 
"While  the  reduction  of  cholesterol  to  stereorin  happens  in  the  body, 
cholesterol  is  not  reduced  if  added  to  the  feces  in  vitro,  possibly  owing 
to  lack  of  solubility.  Dog's  feces  contain  the  onchanged  cholesterol 
of  the  bile. 

Sine*!  bladder  bile  is  much  richer  in  cholesterol  than  that  from  a 
fistula  and  the  difference  is  much  greater  than  the  increase  of  con- 
centration of  the  sails,  it  is  gcnoraily  concluded  that  cholesterol  is  added 
to  the  bile  largely  by  the  epithelium  of  the  bladder.  It  is  especially 
Natinyn  who  has  defloded  this  view  and  brought  it  into  relation  with 
the  formation  of  pall  wtonoK.  It  is  often  the  ease  that  the  kernel  of  the 
gall  stone  appL'flrs  to  he  bladder  epithelial  cells  and  it  is  necessary  to 
have  some  iujurj'  to  the  bladder,  an  inflammation  or  traumatism,  before 
stones  form.  The  experimental  introduction  of  erj-stals  of  cholesterol 
into  the  bIadd<T  did  not  cause  the  formation  of  concretions  unless  in- 
fection of  the  gall  ducts  occurred  also.  The  evidence  does  not  appear  to 
be  at  all  conclusive  that  cholesterol  is  added  to  the  bile  in  the  gall 
bladder,  and  while  it  may  well  be  that  some  of  the  eholcslerol  finds  its 
way  through  Iho  wall  of  the  gall  duets  or  bladder,  it  would  appear  more 
probable  that  it  is  formed  and  secreted  with  the  bile  salts,  to  which  it 
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is  so  closely  rdatcxl  clicmicallj*.  It  may  be  that  the  poor  content  of 
cfaolestorol  in  fistula  biio,  as  compared  with  bladder  bile,  is  due  to  a 
more  complete  conversion  of  Ihe  cholesterol  into  the  bile  saltH  lu  the 
fonuor  case  vhcn  the  bil«  is  imusnally  poor  in  bile  salts,  IJian  happens 
normally  when  there  are  bile  salts  being  reabsorbed  from  tbo  intestine. 
Tlie  prettence  of  cholesterol  in  fistttla  bile  in  considerable  qnantitics  is 
evidence  that  oerlainly  much  of  the  cholesterol  is  sRereted  by  the  liver 
Hadt  It  is,  on  the  otJier  hand,  probable  that  cells  of  epithelium  escaping 
into  the  bilo  uuiy  become  impregnated  with  cholesterol  and  serve  as  the 
nucleus  for  the  formation  of  a  stone.  Bile  of  the  hippopotamus  con- 
tains no  ehoIc«t«rol.  It  would  be  interesting  to  know  whether  the  blood 
of  the  hippopotamus  contains  cholesterol.  Perhaps  some  African 
physiologist  may  make  some  interesting  discoveries  by  studying  the  bilo 
and  blood  of  tliis  animal. 

The  functions  of  cholesterol  have  already  been  discusRed.  It  has 
no  function  Id  digestion  so  far  as  wc  know.  It  is  a  Ningiilsr  fitct  that 
bile  hastens  the  action  of  the  lipa.<K  of  the  pancreas,  whereas  the  cholcs' 
terol  it  contains  is  said  to  have  the  power  of  inhibiting  tipolysis.  There 
is  a  curiouB  apparent  contradiction  in  these  statements.  May  the  liver 
by  excreting  too  much  cholesterol  reduce  the  power  of  the  blood  to  with- 
stand hemolysis,  since  cholesterol  counteracts  hemolysist  Does  the  liver 
make  anything  more  out  of  cholesterol  Ihitn  t)ie  bile  saltK.  if  1ht»  is  the 
origin  of  these  substances  t  Are  there  any  active  oxidation  products  of 
the  nature  oE  Imfonin  made  here  in  small  quantities  and  are  they  active 
in  the  physiology  of  otlicr  parts  of  the  boilyl  Thest;  arc  some  of  the 
quistious  whicJi  must  be  left  to  the  future  for  aniiwcrs. 

Whether  Iho  cholesterol  sccrctod  in  bile  is  reabsorbed  with  the  bile 
salts  is  not  yet  clear,  since  the  metabolism  of  cholesterol  has  not  yet  been 
worked  out.  Certainly  some  of  that  taken  in  the  food,  and  presumably 
some  of  that  found  iu  bile,  is  reabsorbed.  But  to  what  extent  it  is  re- 
absorbed is  uncertain ;  and  whether  the  cholesterol  of  the  body  is  formed 
in  the  body  or  reabsorbed  from  the  food  eaten  is  equally  uncertain. 
Inasmuch,  however,  as  the  sterol  of  herbivorous  animals  is  cholesterol 
and  uot  phytostorol.  Ihc  sterol  of  plants,  and  since  cholesterol  is  found 
in  all  cells,  it  is  probable  that  the  animol  body  has  the  power  of  making 
its  own  cholesterol.  The  blood  of  the  portal  vein  contains  more  choles- 
terol tlian  that  of  the  hepatic  vein.  In  the  feces  of  the  new-born,  the 
meconium,  cholesterol  is  found  in  large  quantities,  but  in  ordinary  feces 
of  men  no  cholesterol  is  found,  but  in  place  of  it  a  reduced  cholesterol 
called  slercorin,  by  its  discoverer,  Flint;  (from  Latin  stercvs.  dung) ; 
or  coprostcrin  (Gr.  koprosieros,  feces).  During  starvation  no  stprcorin. 
bat  only  cholesterol,  is  to  be  fooud  in  the  feces.  Stercorin  is  evidently 
formed  from  cholesterol  by  the  reducing  action  of  putrefaction. 
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Siercorin.  This  is  obtained  from  the  dried  and  powdered  feces  by 
extraction  with  ether;  tli€  ethereal  extract  is  decolorized  with  charcoal 
Bud  evaporated.  Thfi  residue  is  extracted  with  hot  aleohol,  the  alcohol 
extract  sajwinified  with  KOil,  mixed  with  powdered  Halt  and  evaporated. 
The  solid  mass  is  extrai!led  wiUi  other,  the  ether  washed  with  water  until 
neutral  in  reaction,  then  tie  eUiereal  extract  filtered  and  dried.  The 
residue  is  extracted  witJi  boiling  alcohol  and  on  <'-ooling  stercorin  crystal- 
lizes out  in  long  flue  needles  radiating  from  centera. 

Stercorin  (Coproaterin)  ia  solublo  in  CTTCl,,  and  the  solution  gives 
with  eoncentrated  IljSOt  at  first  a  yellow  color,  which,  by  standing, 
cbouges  1o  au  orange  and  then  a  dark  red.  lu  the  Liebermann  test  it 
gives  at  once  a  blue  color,  clianging  to  a  green.  The  moat  probable 
foriuula  h  C.-H^O.  -Unlike  cholesterol  it  does  not  take  up  bromine. 
The  specific  rotation    (,n)r,  —  +  24*. 

In  the  feces  of  hors<%  cow.s,  aheep  and  rabbits  there  is  a  hippO' 
coproaterol,  or  hippostercorin,  C^JluO,  which  is  the  pliytosterol  of 
grass,  which  has  passed  through  the  inteatioc  anchancced.  Gardner  and 
Doree  have  proposed  to  call  it,  therefore,  tkortosterol  (Or,  chortos, 
grass).  This  substance  mcUs  at  78.!>-79.5*.  It  is  optically  inactive  and 
gives  no  cholesterol  color  reaclions.  It  is  stated  by  Bondzynski  that  dog's 
feces  do  not  reduce  eholestepol  to  stercorin. 

The  following  experiment  on  the  infliienee  of  diet  on  the  excretion 
of  stercorin  v/as  tried  by  Bondzynski  and  Ilumnicki.  In  five  daya  on  a 
normal  diet  the  weight  of  stercorin  in  the  feces  was  4.30  grama.  The 
next  five  days  one  gri-am  of  cholesterol  was  daily  added  to  the  food, 
making  5.0324  grams  in  all.  In  these  five  days  there  were  excreted  5.835 
grams  of  stercorin,  and  in  the  following  five,  when  no  cholesterol  was 
added  to  the  diet,  7.3K94  ^ramt),  making  a  total  increase  of  4.629  grams. 
Of  cholesterol  they  found  only  0.5326  gram.  In  the  following  two  days 
3.4071  grams  stercorin  and  in  the  second  period  of  1  gram  cholesterol  per 
day,  for  five  days,  6.2812  grams  stercorin  were  obtained.  So  that  in 
one  case  only  10  per  cent,  and  in  the  other  only  3  per  cent,  of  the 
cholesterol  taken  were  refound  in  the  feces,  the  rest  having  been  trans- 
formed into  stercorin.  In  human  bile  cholesterol  has  been  found  to  be 
between  .06-,6  per  cent.  It  may  be  said  then,  roughly  speaking,  that 
about  one  gram  a  day  of  cholesterol  may  be  discharged  into  the  in- 
testine from  the  bile.  The  feces  contain,  on  the  average,  about  0.9  gram 
of  stercorin  per  day. 

Phospholipins  in  bile — ^Bile  contains  also  considerable  quantities 
of  lecithin  and  other  phospholipins.  In  human  and  dog  bile,  the  lecithin 
computed  from  the  phosphorus  is  generally  given  as  from  1-7  per  cent, 
of  the  alcohol -soluble  substances,  but  Hammarstcn's  investigations  of 
human  bile  show  that  the  amount  of  phospholipin  is  much  greater  than 
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this  and  is  indeed  as  high  as  Ibat  oC  the  polar  War.  The  alcohol  soluble 
part  of  the  bile  vontaincd  1.047  per  cent.  P,  which  ralrniliited  as  lecithin 
would  be  29.75  per  cent.  In  tlie  bile  of  the  polar  bear  23.5  per  cent,  of 
the  alcohol -Mihi 111 e  solidK  were  calctilalcd  as  lecithin.  ThiidJehum  states 
that  there  is  no  lecithin  in  ox  bile,  but  iu  place  of  it  aoother  pliospholipin, 
in  which  the  relation  of  P :  N  is  as  1 : 4.  Lecithin  is  certainly  present  la 
polar  bear  hilc,  aocordiii^  to  IIaminar!tt«n,  beeanfie  a  phospholipin  was 
obtabieil  in  whiuh  P:N  ax  1:1  and  from  which  stearic,  oleic  aeids, 
glycerol  and  cliolinfi  were  isolated. 

The  amount  of  phiwphorus  in  the  alcohol -soluble  solids  of  the  bile 
of  different  animals  and  the  amount  of  lecithin,  computing  the  latter 
from  the  phosphorus  on  the  supposition  that  all  phospholipin  is  lecithin 
and  contains  oleic,  palmitic  and  stearic  acids  and  so  3.94  per  cent  of  P, 
is  given  in  the  following  table: ' 


Tub  Ahoumt  nw  l,xxmBts  t«  the  Aii}onor.-Snt.Dnu  Soi-rns  rir  Vaxiouh  Bium. 

[Bmrnmrnnten.) 


Folar  bear 

Umu  (bladder  bile) 
Man  <flitulit  bile) 

Dot 

LaiHl-Wiir    


P- 

pct  ccnc 

0.ftl  1-1.14 
0.04S-1.17 
0.100-0.611 

.7M 
.5(18 


Orane  iitang    .4E0 

Vie   M4 

US 

jaa 

MuK-ox £72 

H  ippopoUmus 191 

Ox    .    .181 

SmI  (Plioca  Gr.J .1«8 

a<MM  , itt 

Wnlnu .MS 

Bm-nroir   , i..........       .033 

Haddwik  ....  r....... •.•.*. •■.^....•.      Kot  dcicmiinablc 


Lcrtlhln— 

jKt  trnC 

23.12 -2S.9« 

I.3:i-S9.7S 


2.54- 
lft.£0 
18.74 
10iS7 

8.47 

Ma 

7.W 
7.(M 
4.8S 

4.40 
4JB7 
4.10 
1.0S 
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There  arc  probably  other  phosphulidcii  (phoHpholipins)  in  tlie  bile 
than  lecithin,  since  one  phospholipin  had  N:P  as  3:5  and  aiiotlier 
N:P::2:I.  A  similar  phosphatide  was  obtaine<l  from  brain  by  Thu- 
dichum  and  namc<)  sphinfromyclin. 

Xothing  is  certainly  known  concerning  either  the  function,  origin  or 
fate  of  this  bile  phospholipin.  Possibly  it  is  derived.  like  the  cholesterol, 
from  the  red  blood  eorpuseles  and  it  im  doubt  eoutributes  toward  giving 
bile  its  power  of  dissolving  fals  and  cboleslcrol.  Presumably  it  is  split 
and  digested  in  the  intestine  by  the  lipase  of  the  intestinal  secretions. 
The  lecithin  content  is  highest  in  the  polar  In'ar  bile  and  this  animal 
feeds  on  seals,  which  contain  large  ()uantiUcs  of  fat.    The  great  varia- 


*  Eammattlen,  i.Vpcfrnta«e  J<r  Phgnotcjfie,  4,  IWS,  p.  IS. 
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tioQ  iu  the  biles  oC  liumau  boiii4^  would  perhaps  point  to  some  variation 
in  tbe  di«t  as  a.  t^use.  The  pljoBpholipiua  o{  the  bUc  ore  combined,  it 
appears,  in  part  at  least,  with  the  bil«  salts,  smve  Ilioy  are  precipitated  io 
part  with  them  by  ether  from  the  alcohol  soluliwi,  ami  in  part  they  reiuala 
in  the  ether  and  hold  some  of  tlie  bile  &alts  iu  sotuliou  in  a  liquid  in 
which,  when  pure,  the/  are  insoluble.  It  may  be,  however,  we  are  deal- 
ing here  with  diiTeienl  phosphatides,  one  of  wliieh,  like  eephalin,  may 
be  insoluble  in  ether-  the  oUier,  like  leuitliin,  soluble.  The  fact  that 
some  of  the  phospholipiu  is  precipitated  with  the  bile  salts  by  ether 
and  that  some  of  the  bile  salu  remain  in  solution  with  the  lecithin  makes 
all  the  older  analyses,  of  the  bile  which  did  not  toko  aecouut  of  this  £act 
uBrcliablc. 

Mucin.^&ladder  bile  is  viscid,  or  slimy,  due  to  its  containing  a 
muciu-like  substance  secreted  by  tlic  walls  of  the  gall  bladder.  Most 
of  this  muciu-like  substance  is  not  a  true  mucin,  but  a  phosphoprotein 
(nucleo-albumin),  which  yields  uo  sugar  on  hydrolysis  and  conlains 
much  more  nitrogen  (.16.14  per  cent.}  than  a  true  mucin.  A  small 
amount  of  true  mucin  may,  however,  be  present  in  human  bile,  but 
aeeordiug  to  Hammarsten  this  is  secreted  by  the  gait  dueU  and  is  cer- 
tainly present  in  small  amounts.  This  so-called  slime  or  mucin  can  be 
precipitated  by  alcohol  and  it  yields  ordinarily  a  small  amount  of  a 
reducing  sugar  uu  hydrolysis.  Since  many  substauccs  besides  mucin, 
such  as  phosphatides,  glycogen,  dextrin,  etc,  have  tliis  same  property, 
the  appearance  of  a  reducing  substance  under  Uicsc  circumstances  is  no 
proof  tliat  mucin  is  present.  Wnhlgi-cn  has  obtained  a  secretion  from 
the  human  gall  bladder  free  from  bile  and  finds  it  generally  colorless 
and  containing  a  nucleo-albumin,  a  little  globulin  and  albumin.  The 
presence  of  a  phosphoprotein  is,  therefore,  undoubted,  but  whether  true 
mucin  is  present  or  not  cannot  be  stated  with  certainty.  No  function 
han  been  found  for  the  mueiu-like  bodies  iu  the  bile. 


BACTERIAL  DECOMPOSITION  OF  FOODS  IN  THE 

INTESTINE. 

Both  the  unabsorbed  food^and  the  digestive  juices  are  subjected  in 
the  intestine,  and  particularly  in  the  large  intestine,  to  the  decomposing 
artion  of  myriads  of  bacteria  and  the  products  thus  formed  are  of  the 
greutcst  importance  to  tlic  urganisiii.  Many  of  them  are  toxic,  produc- 
ing headaches,  drowiiiuess,  or,  at  limes,  irritability,  causing  depression 
and  a  general  feeling  of  malaise.  By  the  destruction  of  red  blood  cor- 
puscles they  are  one  of  the  factors  in  anemia.  That  these  products  pre- 
dispose, also,  to  various  infections,  particularly  of  tlie  skin,  but  of  other 
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parts  of  the  body  as  ireU,  Uiera  van  be  no  doabt  The  study  of  these 
decompositioQ  products  and  the  discovery  of  metliods  for  limiting  them 
be«oiue,  therefore,  of  gr^t  imiwrtance  in  hygiene.  The  toiic  sabstances 
arc  dcrivfd  iu  large  measure  from  the  proteins  and  are  formed  by 
putrefactive  proccoses.  The  carbohydrates  are  decomposed  by  fermenta- 
tion. But  tlicre  is  no  essential  difference  in  kind  between  fermentation 
and  putrefaction,  although,  strictly  speaking,  a  fermentation  should  in- 
volve the  liberation  of  a  gas. 

The  baeteria  are  found  all  the  way  from  close  hclow  the  pylorus 
to  the  rectum  in  constantly  increasing  numbers,  but  the  numbers  in  the 
small  intestino  ar«  small  compared  to  the  large.  It  is  in  the  large  in- 
testine,  the  ascending,  transverse  and  descending  colon  in  which  the 
intestinal  contents,  not  reabsorbed,  are  stored  for  some  time  that  the 
main  putrefaction  occurs.  The  chyme  leaving  the  stomach  is  often 
sterile,  but  as  acidity*  is  nvutrsliiied  a  constaully  increasing  flora  is  found. 
The  contents  of  the  small  intestine  are  sometime^}  weakly  acid  throughout 
and  this  reaction  is  unfavorable  for  the  bacteria.  The  intestinal  con- 
tents even  at  the  jum^Uon  of  the  colon  with  the  ileum  are  not  at  all 
fecal-like.  They  are  generally  slightly  acid  in  reaction,  semifluid  in 
consistence,  and  they  are  nothing  more  than  the  uniligestcd  remnants  of 
the  foods,  cellulose,  some  starch,  some  meat  fibers,  seeds,  particles  of  peas 
not  fully  digested  and  also,  in  considerable  port,  the  unreabsorbed  secre- 
tiotu  of  the  alimentary  canal.  It  sometimes  happens  that  an  artificial 
fistula  must  be  made  at  the  end  of  the  small  intestine  beoauHfi  of 
tumor  of  the  large  intestine,  and  by  this  means  knowledge  ha.<i  been 
obtained  of  the  cliaracter  of  the  material  going  into  the  large  intestine 
and  tlie  time  it  takes  to  pa.ss  through  the  intestine.  It  has  been  observed 
that  the  discharge  in  such  cases  is  not  of  a  fecal  nature.  The  time  re- 
quired for  the  food  to  traverse  the  stomach  and  the  small  intestine  to 
such  a  fistula  naturally  varies  somewhat  with  the  character  of  tlie  meal 
and  the  idiosyncrasy  of  the  patient,  but  in  round  numbers  it  may  be  said 
that  the  first  discharge  from  the  end  of  the  ileum  takes  place  about 
four  hours  after  eating  and  the  discharge  pereiKts  for  about  two  hours. 
The  uiuouut  diseharged  is  small  compared  to  the  bulk  of  the  f<Mjd  eaten; 
practically  all  water  is  absorbed  and  90  per  cent,  of  the  solids  of  the 
foods. 

Formation  of  the  feces. — The  transformation  of  the  undigested  rem- 
nants of  the  food  and  the  secretions  of  the  intestine  not  reabsorbed  into 
the  typical  dark  brown  feces  occurs  in  the  large  intestine,  where  during 
a  period  varying  from  ten  hours  to  two  days  the  remnants  of  the  foods 
undergo  putrefactive  changes  and  fermentative  deeompositions  pro- 
duced by  myriads  of  bacteria.  Since  the  absorbing  powers  of  the  largo 
intestine  ore  very  great,  these  products  are  reabsorbed  and,  coursing 
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throughoat  the  body  in  the  blood,  produce  in  it  changes  already  men- 
tioned, fiually  fiudiug  tlieir  oxit  in  tbe  tirin«,  the  perspiration  or  in  the 
breath,  which  whvu  thin  decomposition  is  nnusually  abuadant  may  have 
a  very  marked  fecal  odor. 

Thu  uuiiilH;r  of  l)a(:ti!ria  in  the  feces  is  almost  incredibly  large. 
Something  b<:twvvn  onc-ha(f  and  a  fourth  of  the  dry  matter  of  the  feces 
conaists  of  tlic  bodies  of  bactvria.  In  a  milligram  of  feces  there  are 
found  by  culture  methods  of  living  bacteria  in  normal  men  on  a  some- 
what  restricted  diet  26,000,000  bacteria.  There  are  in  addition  large 
numbers  of  dead  baeterial  tells,  which  can  bi;  computed  by  centrifuging 
an  emuUion  of  feces  so  that  the  coarser  fragments  are  thrown  out  and 
only  the  bacteria  left  in'  suspension,  and  then  counting  under  the 
microscope  the  number  of  bacteria  in  a  given  volume.  By  this  means  the 
total  number  of  living  and  dead  bacteria  excreted  in  the  feces  per  day 
by  healthy  young  men,  on  a  restricted  diet  in  a  metabolism  experiment, 
was  lound  to  be  on  the  average  300X10'*^. 

The  weight  of  dried  feces  passed  per  day  is  on  the  average  In  such 
conditions  15-25  grams,  and  of  uiuixt  tucva  8U-120;  but  the  amount  may 
be  much  larger,  partimdarly  on  a  cli»L  ixintaining  a  good  deal  of  in- 
digestible substance  such  as  cellulose.  Of  the  15-25  grams  of  drj'  matter 
4-^  grama  consist  of  bacterial  bodies.  Of  the  total  nitrogen  in  the  feces, 
which  may  be  on  the  average  about  1.5  grains,  one-half  is  bacterial 
oitrogeu. 

The  foregoing  figures  will  give  an  idea  of  the  enormous  numbers  of 
bacteria  in  the  feces  and  will  make  one  appreciate  the  probable 
very  great  importance  of  the  products  of  Iheir  metabolism  in  human 
life. 

The  kind  of  bacteria  which  are  present  Is,  of  course,  of  even  grealci- 
importance  than  their  numbers,  since  the  character  of  the  putrefactive 
and  fermentative  products  formed  is  dependent  on  the  species  of 
bacteria.  Ordinarily  many  difTerent  kinds  of  bacteria  are  found  and 
the  character  of  the  6ora  varies  from  time  to  time.  The  greater  number 
of  the  bacteria  are  bacilli  of  the  type  of  the  bacillus  coli  communis,  but 
there  arc  many  races  of  thtR  organism,  some  being  much  more  toxic  than 
others.  To  this  same  group  of  organisms  belong  the  paratyphoid  and 
the  dysentery  organisms  and  the  connection  between  them  anil  patho- 
genic forms,  such  as  the  typhoid  bacillus.  Is  still  uncertain.  The  bacillus 
coli  communis  is  a  facultative  anaerobe,  that  is  it  can  grow  both  in  the 
presence  and  in  the  absence  of  oxygen.  It  ferments  glucose  and  lactose, 
forming  lactic  acid,  alcohol  and  carbon  dioxide ;  in  anaerobic  conditions. 
in  the  absence  of  sufficient  carbohydrate,  it  forms  from  the  proteins 
scatolo  and  indole,  the  substances  in  the  feces  which  produce  tlie  typical 
odor;  and  it  will  split  oS  hydrogen  sulphido  from  cysteine  and  cystine. 
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Tbe  study  of  Uic  bacterial  flora  and  in  particular  the  careful  study  of 
its  variation  in  health  and  disease  and  the  different  stratus  of  the  colon 
bacillus  from  different  individuals  is  a  matter  of  the  greatest  hygienic 
importance,  in  which  as  yet  hardly  more  than  a  beginning  has  been 
made. 

ISacleriat  dccompos^ition  of  the  carbohydrates.  The  bacteria  form 
from  the  unreabsorbed  carbohydrates  and  cellulose,  carbon  dioxide. 
butyric,  lactic  aud  other  acids,  alcohol,  hydrogen,  methane  and  other 
substances.  Of  these  hydrogen,  methane  and  carbon  dioxide  form  a 
large  part  of  the  gaaes  of  the  intestine.  An  aualysia  of  human  intes- 
tinal gases  has  shown  the  following  composition  in  100  volumva 
(Ruge) : 

Vcgi'LiWo  dittl COj,  21-34;  H^.  1.5-4   ;  CU^.  44-53;  N^,  10-19 

Mi.-at  diet    CX)^.    MSj  H^,  0.7-3  ;  CH^,  26-37;  U  .  45M 

Milk   diet CO,.    »-]6;  U,,    43-H;  CB^.    0.9  ;  1^30-38 

Lactic  acid  and  alcohol  are  reabiiorbed  and  bnrned  by  the  body.  TUnf 
stilt  other  subslanees  are  proclin-.eil  from  the  earboliydrateg  is  undoubted, 
but  their  nature  and  action  are  unknown.  Kone  of  the  products  of  carbo- 
hydrate bacterial  decomposition  i.s  liarmfTil  so  far  as  known,  although 
the  gas  formation  may  be  di&tresain^. 

Bacterial  decomposition  of  the  fats.  The  fermentation  of  tlte  un- 
reabsorbed iats  and  fatty  acids  seems  to  have  been  but  Little  studied.  The 
author  has  not  found  any  data  on  the  Bubject. 

Bacterial  decomposition  of  the  proteins.  It  is,  however,  from  the 
putrefactive  decomposition  of  the  proteins  that  the  most  toxie  sub- 
stances are  produced.  The  amino-acids  of  the  proteins  set  free  by  the 
intestinal  enzymes  are  physiologically  quite  inert.  They  arc  absorbed 
and  serve  as  foods.  If  they  are  introduced  directly  into  the  blood,  they 
cause  no  physiological  reaction  whatever.  The  bacteria,  however,  like 
tbo  cdls  of  the  body,  have  tlie  power  of  tearing  these  atnino-aoids  to 
pieces  and  some  of  tlie  products  are  very  toxic. 

In  the  first  place,  it  is  certain  that  tlioy  have  the  power  of  deamidizing 
the  amiuo-Bcids,  setting  free  ammonia  and  leaving  the  fatty  acid.  It  is 
not  yet  certain  whether  in  tlie  intestine  this  process  involves  the  oxida- 
tion of  the  umluu-acid  to  the  ketonic  acid  first,  as  is  the  case  in  the 
oxidation  of  the  uroino-acids  in  the  tissues  of  the  body  (see  page  806),  or 
whether  the  deamidi;:ation  may  be  brought  about  by  a  hydrolysis.  In 
any  case,  if  the  oxy-aeids  ore  thus  formed,  they  are  subsequently  re- 
duced 80  that  from  the  amino-aeida  the  fatty  acids  are  produce<l.  This 
may  be  illustrated  by  the  decomposition  of  tryosine  or  phenyl  alanine, 
which  has  tM*eu  most  carefully  studied; 


A  very  impoi-tant  change  is  tJie  splitting  off  of  c«rbon  dioxide  by  Uie 
acttoQ  of  so-called  carboxylase  bacteria.  This  may  happen  either  be- 
fore or  after  deamidization.  If  it  happen  before  deamidization,  amines 
of  a  highly  toxic  ciiaracter  are  produced.  Such  amines  produced  by 
bacteria  from  amino-acids  are  called  ptomainss  by  Gauticr.  As  this 
is  a  process  of  great  iniportance  to  the  body  we  may  examine  it  a  little 
more  at  length.  Thus  from  bistidine  there  is  formed  imid-azyl-ethyl 
amine;  from  alanin,  ethyl  amine;  from  tyrosine,  phenyl-ethyl  amine; 
from  argininc,  agmatine,  or  eiia^idiue- butyl  amine.    Their  formation  is 

illustrated  iu  the  foUowiug  reactions: 

1.     Cfl,.CH(NH^).C0OH=CO^  +  CH^.CHj(NH^) 
Aluoicff.  £thyl  niiiiiic. 


TTTcriae.  Phenvl-cthyl  1 


I^Tcriae.  l*henyl.«thyl  amine. 

CjNjU^.CHj.CH  (NH, )  .coon  =  COj  +  C^n^Nj.   CIIj.CHj^.NH^ 

Hmtidinc.  Imid-Ai^t-ethj'l  &mine. 

IJH^— C(NH)— ND.CH^. 

Agmatiae. 


(CH^J^.CHNH^.COOU  = 


CO^-}-KH^.C(N"H)JJH. 
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Such  substances  have  been  called  by  Kutacher,  aporrhegmas  (G-r. 
apo,  from;  rh^gmOf  a  fracture).  Such  aporrhegmas  are  the  active 
principles  of  ergoL.  These  aubstances  have,  in  many  instances,  a  power- 
ful effect  on  the  blood  pressure  and  may  be  of  great  importajiec  in  the 
production  of  high  blood  pressure  and  the  resulting  thickening  of  the 
ortcty  walls.  Tliey  arc  very  common  in  the  metabolic  products  of  plauta 
and  they  are  formed  alao  in  the  metabolism  of  animals,  since  the  power 
of  splitting  carbon  dioxide  from  the  aminoacida  appears  to  be  very 
general.  Imid-azyl -ethyl  amine,  or  histamine,  produces  vasodilation, 
lowers  the  coagulability  of  the  blood,  and  has  been  isolated  from  Witte's 
peptone  and  from  the  mucosa  of  the  intestine.  Adrenaline,  the  active 
principle  of  the  supra-renal  glands,  is  a  substance  of  this  natun;,  being  a 
methylated  ethyl  amine  derivative  of  tjTosino  of  the  following  com- 
position : 

C,H^{OH)j.CH(OH).CHj.Nn(CH,) 

It  can  hardly  be  doubted  that  aimitar  amines  are  produced  from  the 
other  amiuo-acids,  such  as  tryptoiihane,  which  gives  rise  to  indole  ethyl 
tuuiuc 

APoaBiiEOUAH.*    All  tub  FluouEMTSt  Of  Tjre  Auino-Acim  which  Arb  FonuRii 
Bf  A  PuisioLouiOAi.  Way  UuBirto  rua  Lax  or  Plajitb  aho  Arimjaa. 


Antno-Mtd 

Birtldloe 

Arsiuiue 


Lyaiaa 


Apuitlirvina 


MolbjUted  «panhr|iin> 


UcUiylulril 
am  Inn-Mid 


Imid-Kcrl'ctlijl  amine 

Onutfaiue:  agnMlJiii;)  letru-        Te train cthylpuUesciiio 

iDcUijIcncdiMiiiDe;  (JamiiKWul- 

L-riaalo  odd 

P«n  tomoUtjr  Uiitaliainin  e 

(C«diiTcrino) 

[>-Butyro-b«t4iine 
a-oxy-twl3- 


tiluLunioaciil  j-aminobutj^rieacid 

Aspartic  acid    ^-uluniiia 
Glyoocoll  .Mi'lliyl  niniii* 


butyro-betaitie] 


<  j'triineth)-! 
uuino  butyric) 

8kTco>inc. 
BctoTBc 


AUjiIuq  Kllijrl  amine 

LcticJDC  Itwiunylitniiiic 

Proline  FYrroIidino 

PhnylabnitioPMivl-fiUvl  amui« 
^JTmIob  p-o^r|tticiiyleUkvla]ninc 

Indole;  Mittolc-, 
indotfithylamiiic 


Tiyptophaae 


K-metbyl  pyrrolidine 
Harden  liM 


StochTdrino 


Surinainino 
Hnuphorina 
(trimctliyl      ' 
tryptophane 
beUJn«.) 

*Kutschcr  Olid  Ackenaaimi  Zetl.  f.  phyticL  Chtm.,  01),  1010,  p,  SOS. 

fit  la  b«tt«r  to  iimit  tU«  term  U>  the  nltragcncoDtainiog  products.     A.  P.  M. 

Tbe  decomposition  of  cysteine  has  not  been  fully  worked  out,  but  from 
the  prcecnee  of  mcrcaptans,  such  as  methyl  and  etliyl  mcrcaptana, 
CHj.CHjSH,  in  the  feces,  it  is  probable  tliat  there  Lh  a  preliminary  de- 
carboxylation, with  the  formation  of  a  thio-«thyl  amine  as  an  interme- 
diate product: 
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8H.CH^.CHN1I^.C00H  -  CO^  +  SH.CH^.  CH^NH^  -   SH.CH^.CH^  +  KHj^ 

O'stelna.  Iliioethyl  unine,  or  KLhyl  mrrcaiiUn. 

amino^tiifl  mereapUij. 

If  the  aplittjng  oft  of  the  carbon  dioxide  occurs  after  the  deamidlza- 
tiOD  an  amine  cannot,  of  coarse,  be  formed,  but  the  next  lower 
carboxylic  acid  is  produced  by  way  of  tJie  aldeliyde.  Thus  from  tyrosine 
there  may  first  be  formed  phenyl-pyruvic  acid,  which  may  be  reduced 
to  pbcnylJactic  acid,  reabsorbed  and  re-excretcd  in  the  urine;  or  tho 
phenyl -pyruvic  ecid  may  be  split  into  phenyl  acetaldchydc  and  carbon 
dioxide,  and  the  former  be  oxidized  into  phenyl-acetie  acid,  which  1« 
exoret.ed  in  the  urine.  Phenyl-acetie  aeid  is  the  mother  substance  of 
homogtntisic  acid  and  other  aromatic  compounds  of  the  urine.  Phenol 
or  cresol  may  be  set  free. 

These  deamidized  compounds  have  not  as  yet  been  shown  to  have 
any  phyaiologicai  action.  But  from  tryptophane  by  &  similar  decom- 
position indole  and  seatolc  ore  »et  free  and  tlitac  Iwdica  are  tosic  and 
give  part  of  the  bad  odor  to  the  feces.  The  formation  of  indole  and 
Bcatole  is  shown  in  the  reactions  just  given,  although  the  intermediate 
proiluets  have  not  been  thoroughly  worbcd  out. 

Ity  the  decomposition  ot  cysteine  and  cystine  hydrogen  sulphide  is 
formed.  This  is  reabsorbed  readily  and  produces  headaehes  and  depres- 
sion even  when  reabsorbed  in  small  quantities  and  it  is  presumably  one 
of  the  factors  causing  solution  of  the  red  blood  corpuscles  and  so  the 
anemia  seen  in  those  having  chronic  constipation.  Mcrcaptans,  that  is 
ethyl  or  methyl  sulphide,  may  also  be  formed  and  these  arc  very  ill- 
smelling  compounds. 

From  the  eonjugatod  proteins  tho  decomposition  of  the  prosthetic 
group,  such,  for  example,  aa  tliat  of  tho  nuelein  hases,  may  ^ve  rise  to 
other  products  of  importance  to  the  body.  But  this  matter  has  not  yet 
been  sufficiently  investigated  to  permit  of  any  delinilc  statements  being 
made. 

It  has  boon  suggested  that  subfttanees  baring  the  property  of  raising 
blood  pressure  may  bo  produced  from  tyrosine  in  putrefaction  and  that 
these  sabetances  are  active  in  causing  arteriosclerosis  and  the  ills  which 
follow  from  this.  Since  a  man  is  said  to  be  as  old  as  his  arteries  it 
would  appear  possible  that  tuteatiiial  putrefaction  may  bo  a  factor  in  the 
production  of  the  decrepitude  of  ohl  age,  as  Metohuikoff  has  sug^stod. 
To  what  extent  putrefaction  producces  premature  decrepitude  cannot  be 
stated  without  more  investigation. 

There  can,  however,  be  no  question  of  the  importani;c  of  thrac  putre- 
factive subetancca  in  the  general  well-being  of  tho  individual.  We  arc 
all  eoxutantly  exposed  to  food  poisonings,  which,  when  slight,  ere  gon- 
eraliy  overlooked  os  the  true  cause  of  inefficiency,  depression,  sluggish 
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mental  prooesges,  difisaiiafactiou  or  abuormal  irrifabiUly.  ParticnlarTj^ 
chicken,  veal  and  pork  are  liable  to  ecu  tarn  iuution  from  some  person 
haudliug  t})«se  ineaU  in  the  kitchen,  -who  may  carry  a  peculiar  race  of 
bacteria.  Such  food  poitiDuings  may  come  from  infwtcd  meat-choppera, 
HO  that  haj^ilnrd  meat,  ik  more  apt  1o  lit-  a  Koun'c  nf  trouble  than  unhashed. 
If  the  bacteria  are  not  killed  in  tlic  subsequent  cooking,  and  the  hash 
is  kept,  as  it  is  in  restaurants,  it  may  give  rise  to  symptoms  of  food 
poisouiug  more  or  lean  marked.  Thc»e  symptoais  generally  come  on  in 
1-5  hours  after  a  meal,  if  tliey  are  due  to  ptomaines  or  toxic  substances 
already  formed  in  the  meat  before  eating;  but  the  bacteria  themselves 
may  develop  in  the  intestine  and  form  toxic  substances.  In  such  cases  the 
onset  of  the  symptoms  is  tlclayed  cotning  12-48  hours  after  the  meal,  vary- 
ing with  different  individuals.  If  (he  symptoius  are  not  well  marked  ao 
as  to  lead  to  cramps,  pro^ilration  and  diarrhea,  by  which  the  bacteria  are 
svrept  out  of  the  system,  only  feeUngs  of  drowsiness,  headache,  migraine, 
lassitude  or  dcpressiou  often  precede<l  by  mental  or  sexual  excitement 
are  produced,  and  the  real  cause  of  the  trouble  is  overlooked.  The  symp 
toms  are  often  extremely  baflling  and  are  referred  to  the  nervous 
system,  tlie  duetl(«s  glands  or  any  other  rather  than  the  true  cause. 
Moreover,  when  once  such  a  bHcterium  is  lodged  in  the  canal  it  may 
persist  for  a  long  time  and  the  elTects  of  a  single  food  poisoning  tn  an 
experiment  on  human  metabolism  were  found  to  be  clearly  perceptible 
for  a  month  or  longer.  These  facts  make  it  desirable,  in  case  of  bead- 
ache,  drowsineas  or  depression,  even  though  Uiere  be  no  symptoms  of 
deranged  digestion  or  constipation,  to  try  the  effects  of  a  good  purge. 
The  effect  on  the  mentality  is  often  remarkably  prompt. 

The  putrefactive  processes  in  the  intestine  have  also  a  remarkable 
relation  to  the  skin.  In  nearly  all  cases  of  excessive  intestinal  putre- 
faction the  skin,  and  perhaps  the  whole  organism,  has  its  vital  resiat- 
auce  lowered.  Pimples,  pustules,  acnes  and  boils  are  constantly  forming. 
The  spotted  skin  is  genf^rally.  although  not  always,  a  sign  of  intestinal 
putrefaction.  This  condition  is  generally  referred  by  the  laity  to  im- 
pure blood;  and  to  cure  it  sulphur,  burdock  root  and  other  loc^al  reme- 
dies are  recommended  as  blood  purifierK.  WiUiout  exception  all  these 
blood  purifiers,  so  called,  are  intestinal  purgatives  and  their  therapeutic 
action  is  due,  in  large  measure  at  least,  to  their  power  of  sweeping  the 
intestine  clean.  Cold  sores  on  the  lips  often  have  a  similar  origin.  The 
increased  sensitiveue&s  of  the  skin  to  infection  of  the  hair  follicles  is 
shown  also  in  many  cases  of  eczema,  which  may  greatly  improve  if  the 
diet  is  limited  or  if  fasting  is  practised.  Many  hidden  or  chronic  slight 
inflammations  ai-e  often  stimulated  to  become  acute,  or  more  active,  by 
intestinal  putrefaction.  Thus  colds  may  develop,  catarrh  become  woroe, 
chronic  nephritis  of  a  mild  type  become  acute,  erythemas  devdlop  in 
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various  parts  of  the  body  or  even  old  healed  vrouuds  with  bad  circulation 
may  inflame  and  break  out  afresh  from  ihits  cause;  ami  by  attcatioa 
to  diet,  or  by  the  use  of  good  purgea,  tlicsc  rcBults  may  bo  avoided. 

The  quesilion  is  still  unsolved  whether  besides  their  evil  products  the 
bacteria  of  tlie  colon  are  also  producers  of  some  Gisaential  products.  Bac- 
teria are  certainly  not  necessary  for  development,  since  the  aliinentary 
canal  of  the  new-bom  is  sterile.  Chickens  have  been  hatched  and  raised 
under  sterile  conditions;  and  guinea  pigs  removed  by  CriiBrcan  section 
have  been  found  to  grow  and  utilixc  their  food  when  fed  on  sterile 
diets  under  aseptic  conditions.  As  yet  thcKC  ba<:teria  have  not  been 
found  to  do  good ;  bnt  they  certainly  cause  inuoh  evil.  And  while  it 
will  not  do  to  condemn  thorn  completely  without  farther  investigation, 
it  would  appear  at  the  present  time  the  part  of  wisdom  to  reduce  pulro- 
faction  in  the  intestine  as  far  as  possible. 

methods  of  reducing  putrefaclion.  The  easiest  method  of  reducing 
putrefaction  is  by  a  strict  limitation  of  the  diet,  a  reduction  in  the 
proportion  of  meat  and  a  more  thorough  mastiuutian  of  that  which  is 
ealen.  By  the  careful  use  of  these  two  precautions  Mr.  Uoracc  Floicher 
and  others  who  have  adopted,  his  methods  have  been  obic  to  so  reduce 
putrefaction  in  the  intestine  that  the  feces  arc  entirely  without  odor. 
The  general  condition  of  these  men  liss  been  greatly  improved.  Men 
and  women  of  sedentary  habits  are  very  apt,  particularly  after  the 
age  of  forty,  to  eat  too  mucli  meat.  The  exact  quantity  and  the  par- 
ticular quality  of  food  moat  cunducive  to  happiness,  health,  efficiency 
and  retention  of  vigor  has  not  yet  been  determined ;  but  two  facts  have 
been  found,  namely,  that  the  retention  of  vigor  late  in  life,  a  green  old 
age,  generally  goes  with  fin  abstemious  diet;  and  in  the  second  place, 
many  have  been  greatly  improved  by  n  strong  reduction  in  the  amount 
of  food  eaten  and  in  particular  by  a  reduction  in  the  amount  of  protein 
food.  We  cannot  do  better  than  to  follow  the  wise  adnce  of  T)on  Quixote 
to  his  squire,  Sancho  Panza.  as  the  latter  was  about  to  depart  for  the 
Island.  "  Eat  little  at  dinner  and  less  at  supper;  for  the  health  of  the 
whole  body  is  tempered  in  the  laboratory  of  the  atomach." 

Another  method  of  reducing  putrefaction  is  by  eating  carbohydrate 
food  rather  than  protein,  for  the  bacteria  will  not  produce  these  putre- 
faetive  products  from  the  proteins  as  long  as  there  is  carbohydrate  food 
at  their  disposal.  This  peculiarity  of  the  bacteria,  which  has  been 
studied  by  Kendall,  we  shall  have  to  return  to  under  the  chapter  on 
metabolism,  since  it  illustrates  a  general  property  of  all  living  matter, 
namely,  that  the  carbohydrates  spare  the  proteins,  and  it  is  only  in  the 
absence  of  tlic  carbohydrates  that  the  proteins  are  attacked  and  torn  to 
piooca  to  supply  energy.  By  carbohydrate  fermentation,  also,  acidity  is 
iaercascd  and  this  also  has  a  part  ia  checking  bacterial  putrefaction, 
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once  many  bacteria  cannot  metabolize  in  tbe  presence  of  acid.  Bat 
the  main  action  of  tfce  carbohydrate  is  that  just  stated,  that  as  long  as  it 
is  present  it  is  atiUzed  as  a  source  of  energy  aud  the  protein  only  to 
build  the  protoplasmic  machine. 

Summary  of  digestive  changes. — The  chief  changes  undergone  by 
the  foods  in  the  intestuul  tiract  by  which  they  are  made  available  to 
the  body  may  be  brioSy  stunmorized  as  foUows : 

The  proteins  by  the  action  of  pepsin  hydrochloric  acid  of  Oie  gaatric 
juice,  by  the  intestinal  and  pancreatic  joicos  containing  onterokinase, 
trypsin  and  erepsin,  are  resolved  into  the  amino-afiiels  of  which  tliey 
arc  coiU]josi?d.  The  compound  proU-ius,  such  as  the  nuclcoprotcinii,  are 
digested  iu  part  by  the  prolcolytic  cuxyuics  anil  in  jMirt  by  tlie  nudcasi^ 
of  the  paiHTcatic  juii^c,  wiUi  Uic  lormal.ion  of  phosphoric;  acid,  nuclcin 
basn,  pyriioidiu  hosofi,  aud  presumably  luirhohydratc,  from  the  nurleic 
acid.  Ucmatin  is  split  off  from  homoRlobin.  By  the  action  of  the  bac- 
teria some  of  these  amino-acids  are  further  decomposed,  loaiui;;  ammonia 
and  being  eonverled  into  fatly  acids,  or  by  dccarboxylizatiou  being  made 
into  amines,  some  of  which  have  a  very  powerful  action  on  the  blood 
pressure  and  other  functions  of  Ltic  body.  Other  Ul-smciling'  and  hurm- 
fal  snbstancea  are  produced,  such  oa  some  of  the  morcaptaus,  sulphur- 
eted  hydrogen,  indole  and  scatole. 

The  carbohydrates  talccn  as  sMgan  and  starches  are  digested  by  the 
ptyalin  of  the  saliva,  iho  amylopsin,  maltase  and  lactase  of  the  pancreas, 
and  the  invertin  of  the  intestinal  juice  so  that  they  are  all  reduced  to 
tlie  state  of  monosaccharides.  Some  of  thorn  are  further  broken  up  by 
tlie  bacteria,  with  the  formation  of  lactic  acid,  alcohol,  marsJi  gas,  liydro- 
g«:n  and  butyric  acid. 

TliR  fats  acted  upon  by  the  lipase  of  the  stomach  aud  that  of  the 
pancreas  and  intestine  are  converted  into  fatty  acids  and  glycerol,  and 
by  means  of  the  bile  salts  are  carried  into  the  intestinal  epithelial  cells. 

In  short,  the  main  object  of  the  whole  process  of  digestion  appears  to 
be  to  resolve  the  various  food  substances  into  those  common  building 
stones,  amino-acids,  monosaccharides  and  fatty  acids,  which  are  the  com- 
mon basis  of  all  proteins,  carbohydrates  and  fats.  Thus  each  organism 
ciin  uiie  these  building  Kioncs  in  the  proporfiou  and  order  it  needs  to 
construct  its  own  proteins  and  organized  matter,  which  in  each  organism 
has  an  architecture  as  distinct  and  characteristic  as  the  form  of  the  or- 
ganism  itself. 

Finally  by  this  decomposition  into  building  stones  but  very  little 
energy  has  been  lost,  and  only  a  very  small  amount  of  heat  set  free. 
The  advantage  of  this  to  the  orjranism  is  obvious,  for  it  means  not  only 
that  energy  has  not  been  loHt,  hut  that  very  little  energy  wilt  be  required 
to  reconstruct  the  tissues  of  the  body. 
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We  may  dow  piM  Bn  to  the  coDsideration  of  the  cfaaoges  uodergooe 
by  these  building  stones  daring  absorption,  and  daring  their  stay  in  the 
blood  and  the  tiasaes. 
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CHAPTER  XI. 


ABSORPTION. 


Absorption.— The  (001I&  in  liie  alimentary  canal  are  not  yet,  gtrictly 
speaking,  in  Lhc  body,  since  the  cavity  of  ttie  canal  is  in  eommnnication 
with  the  external  world.  IIow  do  the  digeRted  foods  get  into  the  body  t 
la  it  by  a  simple  physical  proce-ss  of  iliffosion  or  osmosia  occurring 
tlirough  the  mucous  mcinbrano  of  the  intestine,  between  the  blood  on 
the  ODO  side  and  tbe  iutostinal  contentfi  on  the  otherl  Or  is  it  by  tbc 
vital  activity  of  the  epithelial  cells  t  The  foods  move  in  as  though  there 
were  an  attractive  force  exerted  upon  them  by  the  hungry  body  cells. 
We  do  not  believe  any  such  force  exists,  but  how  is  their  entrance  to  be 
explained  t  Does  anything  happen  to  them  daring  the  process  of 
absorption  1 

Alisorption  takes  place  tlirougfaout  the  length  of  the  intestine.  It 
L6  slight  in  the  stomach;  most  of  the  absorption  is  in  the  small  intestine. 
Only  a  small  paxt  of  the  food  remains  to  be  absorbed  in  the  colon. 
The  food  in  the  small  intestine  is  spread  out  as  a  thin  layer  over  the 
surface  of  the  gut.  This  surface  is  enlarged  by  the  presence  of  flngcr- 
likc  processes,  the  villi,  which  dip  down  into  the  cavity  of  the  intestine. 
Each  villus  is  supplied  with  artery,  capillaries  and  veins.  It  has  in  tbe 
cMiter  a  lynipb  space  called  a  lacteal,  opening  into  the  chyle  vessels  of 
the  mesentery.  Each  villus  has  both  longitudinal  and  circular  muscular 
fibers  so  that  it  can  expand  and  contract,  taking  up  food  like  a  sponge 
and  being  squeezed  by  the  contraction.  The  mucous  membrane,  which  lies 
between  the  food  and  the  lacteal,  is  thin,  only  about  0.013  mm.  in  height. 
It  seems  probable  that  a  good  deal  of  the  absorption  is  due  to  purely 
physical  processes  of  diffusion  or  osmosis  of  the  amino-acids  and  mono- 
sawharidos  from  the  intestine,  where  they  arc  present  in  quantities,  into 
the  blood  in  which  tbey  are  present  in  very  small  amounts;  but  the 
problem  Js  not  so  simple  as  this.  This  membrane  of  epithelial  cella, 
although  thin,  is  alive.  The  food  matters  must  pass  through  the  living 
protopliitim  that  is  constantly  altering  ita  state.  Such  alterations  in 
aelivity  constantly  change  the  rate  of  absorption;  they  change  the 
permeability  of  the  cells.  Now  substances  do  not  pas.i  through  mem- 
branes by  simply  shooting  through  the  boles.  There  is  some  kind  of  a 
union  between  the  solvent  and  tlie  solute  and  between  the  solvent  and 
the  membrane.    Do  the  substances  go  tbrOTigh  the  cells  because  tb.ey  dis* 
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solve  in  the  water  which  penetrates  tbc  cull  t  Or  because  they  unite  with 
the  organic  basis  of  the  cell  f  One  thing  k  probable,  namely,  that  the 
activity  of  the  cell  in  some  way  controls  this  process. 

Absorption  of  fats. — That  ahsorj>tion  is  not  due,  primarily  at  any 
rate,  to  osmotic  pressure  is  shown  by  the  sbsorpttoii  of  fat.  Fat  is  en- 
tirely hydrolyzed  in  the  intestine.  The  fatty  acids  thos  set  free  are  held 
in  colloidal  solution  by  the  bile  salts,  probably  by  the  nnioa  already  dis- 
cussed. The  colloids  have  almost  no  motion  of  translation  and  very  Httle 
osmotic  pressure  and  yet  the  absorption  of  tuts  takes  place  with  8peed.| 
The  absorption  is  greatly  aided  by  the  bile.  Ttie  bile  salts  are  reabsorbed 
with  the  fatty  acids.  Glycerol  also  pa.<siE^s  into  the  cells.  The  glycerol 
and  fatly  acid  thus  brought  together  in  the  living  rcll  are  rt<syiitliesir.ed 
into  neutral  fat,  whii'h  can  bu  seen  Kcatter(>d  about  in  the  cell.  Just 
how  this  resyntliesis  is  produced  it  is  at  prev^cnt  impossible  to  say.  Some 
have  referred  it  to  the  reverse  action  of  the  lipase  of  the  intestinal 
mucosa.  But  while  it  is  true  that  !ipa»e  addend  to  oleic  acid  and  glycerol 
causes  some  res^iithcais  and  tJiis  reaynthesis  is  hastened  by  the  bile,  yet 
when  water  is  present,  as  it  is  in  the  cells,  the  lipase  produces  only  i 
very  small  amount  of  synthaiis.  Moreover  lipase  is  not  found  precisely  in 
those  cells  in  wbich  the  synthesis  is  going  on  most  rapidly,  as  in  the  cells 
of  the  mammary'  glands.  All  of  these  syntheses  are  dependent  on  a 
supply  of  oxygen  and  are  inhibited  by  other,  whirh  does  not  check  lipaad', 
activity.  The  reaynlhcsis  is  hence,  probably,  one  of  the  synthetic  powenl 
of  the  cell  correlated  with  cell  respiration. 

However  the  resyntbesis  of  the  neutral  fats  is  brought  about,  it 
certainly  occurs.  The  very  finely  emulsified  fat  is  disoharffcd  in  some 
way  into  tbe  lacteal  from  which  it  is  pressed  along  into  th«  lymphatics 
of  the  mesentery  in  tbe  form  of  a  milk-white  emulsion  called  diyle,  into 
the  receptacnium  chyli  and  from  here  it  passes  by  the  thoracic  duct, 
which  lies  just  behind  the  pleura,  not  far  from  the  median  line  pos- 
teriorly, up  to  the  left  shoulder,  where  it  is  poured  into  tlio  blood  at 
the  junction  of  the  jugular  and  subclavian  vein.  Tbc  chyle  is  forced 
up  this  duct  partly  by  the  negative  prcsBuro  of  the  thorax,  partly  by 
the  pressure  due  to  inspiration  on  the  abdominal  viscera  and  partly  by 
the  pressure  of  the  new  chyle  or  lymph  behind  it,  coming  from  the  liver 
and  olJier  abdominal  organs.  Not  all  the  reabsorbed  fat  is  to  be  found  in 
the  chyle  thus  discharged  into  the  jugular  vein.  A  portion  has  dis- 
appeared, perhaps  finding  its  way  into  the  blood  and  so  to  the  Uver; 
or  has  been  catabolized  during  its  passage  through  the  mucous  epithe- 
Uum ;  the  fate  of  the  remnant  is  not  yet  clear. 

The  chyle  thus  poured  into  the  blood  gives  to  the  blood  seram  or 
plasma  during  the  absorption  of  a  fatty  moal  a  milky  appearance,  and 
the  amount  of  the  fat  in  the  blood  may  be  so  increased  that  it  will  rise  on 
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Uio  plasma  like  so  much  cream.  By  the  blood  it  is  carried  about  the 
body,  (>aeh  tissue  taking  what  it  needs  and  any  excess  b«iug  piekod  out 
and  stored  in  the  fat  depots  of  the  body,  the  fat  cells  of  the  adipose 
tissue  of  the  mesentery,  the  panniculus  adipoaus,  or  about  the  internal 
organs.  Hon  the  blood  fat  finds  its  exit  from  (lie  blood,  bow  it  gels 
through  the  vascular  wall,  whetlier  by  l>eiug  split  into  aoapa  and  glywrine 
or  as  neutral  fat,  and  how  it  is  accumulated  in  fat  tissues,  these  arc 
problems  not  as  yet  solved.  There  is  a  lipase  in  the  red  blood  corpuscles 
and  perhaps  all  the  blood  fat  is  rchydrolyzcd  before  Leaving  the  blood. 

Absorption  of  carbohydrates. — What  if  auylhing  happens  to  the 
carbohydrates  during  their  passage  through  the  mucou»i  tnembrane  ts 
unknown.  They  are  believed  to  pasa  directly  into  the  blood  capillaries 
as  levuDose.  glucose  or  galaelose.  Sometimes  maltose,  lactose  and  cane 
sugar  axe  absorbed  as  such  and  caii  be  detcctctl  in  tJie  blood  and  urine, 
since  the  two  last  named  sugars  are  not  used  if  they  enter  the  blood, 
bat  pass  out  in.  the  urine.  If  sugars  are  injected  into  the  blood  they 
arc  in  part  excreted  into  the  duodenum  and  presumably  then  reabsorbed. 
The  sugars  thus  absorbed  are  found  in  the  portal  blood  to  the  extant 
of  0-2-0.4  per  cent.  They  pass  lo  the  liver,  wiiere  a  portion  may  be  taken 
out  and  stored  in  that  organ  as  glycogen;  and  in  part  they  circulate  to 
the  other  organs  of  the  body,  each  of  which  removes  from  the  blood  what 
it  needs.  The  sugar  in  Uie  blood  is  generally  glucose  and  it  ia  in  a  form 
which  may  be  dialyxud  out  of  the  blood  by  vivi-ditlusiou.    Page  470. 

If  sugar  in  a  conecatratcd  solution  is  ingested  it  may  cause  Tomiting, 
and  in  any  ease  it  is  diluted  in  the  bowel  by  the  passage  outward  of 
water  through  the  mucous  cpitheliuiu.  Ultimately,  if  the  mucous  mem- 
brane remains  in  a  living,  active  form  the  sugar  and  water  are  re- 
absorbed. 

Absorption  of  proteins. — The  proteins  arc  absorbed  probably  for 
the  most  part,  if  not  altogether,  in  tlie  form  of  amino-acids.  It  is  certain 
that  in  the  cephalopoda,  in  whi(;h  the  coutlilions  for  studying  this 
problem  are  very  good,  owing  to  the  simple  composition  of  the  blood, 
they  are  absorbed  in  the  form  of  omino-acids.  There  is  now  good  evi- 
dence tliat  they  arc  absorbGd  in  that  form  in  the  mammals  also,  since 
small  amounts  of  tite  amino- acjds  arc  found  in  the  blood  plasma,  page  473. 
The  quantity  of  uon-prot«in  nitrogen  increases  In  the  blood  during  tlie 
absorption  of  the  proteins.  The  presence  of  crepsin  in  the  wull  of  the 
intestine  and  the  elaborate  mechanism  to  secure  tlie  rcduetton  of  the 
proteins  to  the  form  of  amino-acids  is  strong  a  priori  evidence  that 
they  are  absorbed  in  this  form.  This  yiew  is  strengthened  by  the  fact 
that  tlie  albumoses,  when  brought  dire<;tly  into  the  blood  stream,  act 
like  foreign  bodies,  lowering  the  bloo<l  pressure  and  redaeing  the  coagula- 
bility of  the  blood.    There  is  no  doubt  that  at  times  complex  polypeptides 
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are  reabsoTl}edt  nnoe  some  individaals  are  found  who  have  an  idlo3yn> 
cra^y  toward  some  one  protein,  reactins  by  anaphylactic  shock  to  the 
ingestion  of  tliis  particnilar  protein.  Sometimes  it  is  the  protein  of  milk, 
Homelimes  of  egg  or  some  other  protein  of  the  food.  This  reaction  ia 
proof  that  at  some  time  this  proleiu  iu  an  luichanged  form  secured 
eotraoce  to  the  blood.  The  very  fact  that  this  reaction  is  rare  shows  how 
unusual  it  is  for  the  undigested  protciu  to  be  reabsorbed. 

There  is  no  question  that  deamidizatiou,  that  is  the  ispltttiug  off  of 
amino  groups,  occurs  to  some  extent  during  their  passage  through  the 
wall  or  during  their  baeterial  decomposition,  for  the  intestinal  mucosa 
contains  more  ammonia  than  any  other  tissue  of  the  body  with  the  ex- 
ception of  the  stomach  muscosa ;  and  the  blood  of  the  meseulcric  veins 
coming  from  the  intestine  carries  from  6-10  times  as  much  ammouia  as 
any  other  blood  in  the  body.  A  part  of  this  ammonia  is  uo  doubt 
derived  £rom  the  amide  nitrogen  split  off  by  tryptie  digestion,  but  a 
portion  also  eomos,  uo  doubt,  from  the  amiuo  groups,  ^hat  pr(>]>Qrtion 
of  amiuo-acids  arc  thus  doomidused  it  is  impossible  to  say,  but  prcsumablj- 
oot  more  than  a  third  and  it  may  be  less  than  this. 

The  amino-acids  which  get  past  the  intestinal  mucosa  arc  found  in 
the  blood  rather  than  in  the  ehylc.  Their  diat-ovcry  here  has  been  re- 
cently made.  They  do  not  accumulate,  for  they  are  removed  from  the 
blood  by  the  tissues  about  as  rapidly  as  they  enter  it.  At  any  instant  of 
time  tlicre  are,  then,  only  minimal  amouutii  present. 

Kor  a  long  time  it  waa  believed  that  t)ie  amino-acids  wvrc  rcsyntlie- 
sizcd  during  thoir  passage  tliroiigh  the  mm^Uia  into  some  of  the  blood 
proteins  and  probably  into  serum  albumin.  This  was  supposed  to  be  the 
food  of  the  various  tissues.  This  view,  for  which  there  never  was  any 
convincing  or  «veu  strong  evidence,  has  now  been  rendered  very  un- 
likely by  the  discovery  of  the  constitution  of  the  proteins  and  the 
presence  of  amino-acids  in  the  blood. 

Role  of  ike  white  blood  corpusdcs  in  absorption.  During  the  ab- 
sorption of  food  and  particularly  of  protein  fuod,  white  blood  corpuscles 
accumulate  in  the  mucous  membrane  of  the  gut.  They  arc  to  be  found 
not  only  beneath  the  epithelial  cells,  but  crawling  between  thorn  and 
even  out  into  the  lumen  of  the  gut.  Thcyjnay  be  seen  also  eoming  back 
into  the  chyle  vessels.  The  rule  they  are  playing  in  absorption  is  still 
quite  obscure.  After  the  absorption  of  a  meal  thpy  are  found  in  the 
blood  in  unusually  large  numbers.  There  is,  as  it  is  Haid,  a  digestive 
leucocytosis.  Schaefer  described  tliein  as  loading  themselves  with  fat 
and  carrj-ing  the  fat  to  the  chyle,  where  the  fat  was  act  free  by  the 
dissolutiuu  of  the  leucocyte.  That  fat  may  be  found  in  the  epithelial 
cells  of  the  intestine  indicates,  however,  that  most  of  the  fat  goes  through 
these  cells  rather  than  through  the  leucocytes.    The  leucocytosis  is  most 
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pronounced  daring  the  digeatlon  of  proteins,  and  since  the  leucocytes 
show  thciusch-efl  to  ba  positively  chcmotacfic  toward  any  decomposing 
tissue,  or  toward  the  products  of  digestion  of  proteins  when  tlio  latter 
are  in  cnpillarj*  tubes,  It  haa  been  su^ealed  by  riofmcister  thut  most  of 
the  proteins  are  absorbed  by  uniting  with  the  leucocyte  body.  By  the 
decomposition  of  the  whole  ot  a  part  of  the  body  of  the  cell  they  are  then 
supposed  to  be  set  free.  This  view  does  not  seem  very  probable  in  the 
light  of  the  recent  work,  indicating  that  tbe  proteins  arc  absorbed  as 
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amino-acids  and  get  into  tho  blood  in  that  form.  It  is  objected  also 
that  the  absorption  is  too  rapid  and  too  large  to  be  accounted  for  by  the 
relatively  gmall  weight  of  leucocytes  found  in  the  intestine  during  the 
absorption.  Still  there  are  many  indications  that  the  blood  proteina 
may  be  formed  by  the  leucocytes,  and  perhaps  they  are  active  in  secur- 
ing sufikient  protein  to  supply  the  needs  of  the  blood  tissue  alone. 
Further  work  is  needed  before  any  positive  conclusion  tan  be  drawn  con- 
ccmii^  the  r51e  of  the  leucocytes  during  absorption. 

The  amount  of  absorption  in  different  parts  of  the  tract.  By  maldng 
fistiUffi  at  various  levels  of  the  alimentary  tract,  London  and  his  co-workers 
have  studied  the  rajiidity  of  absorption  during  the  passage  of  food  down 
the  tract  of  dogH.  They  have  found  that  the  greater  part  of  tlie  absorp- 
ticm  takes  place  in  the  upper  ports  of  the  intestine  and  tliat  at  the  end  of 
the  small  intestine  only  a  small  fraction  of  the  total  food  remaina  to 
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pass  into  the  colon.  At  least  Uiroe-quaricra  of  the  food  is  absorbed  in  the 
small  intestine.  Water  passes  very  rapidly  Uirough  the  stomach  and  is 
absorbed  in  the  intestine. 

Conclusion. '  The  absorption  of  th«  products  of  digestiou  is  in  part 
a  physical  process,  but  iu  a  muuli  larger  degree  it  is  a  physiological 
process  dependent  upon  the  physiological  aelivity  of  the  cells  oE  tJie 
intestinal  epitlielium.  These  eclls  have  the  power  not  only  of  reabsorb- 
ing food  products,  but  of  secreting  into  the  bowel  a  good  deal  of  water, 
salts  and  other  substances.  Moreover  the  solution  of  the  problem  of 
the  nature  of  the  processes  involved  in  absorption  is  greatly  complicated 
by  tlie  great  sensitiveness  of  these  oells  to  various  eouditioos.  It  would 
bo  thought  fairly  easy  to  study  absorption  by  means  of  perfusion 
experiments  witli  dcfibrinatcd  blood,  bul  such  experiments  have  hith- 
erto cihatterL-d  on  the  impossibility  of  keeping  the  mucous  membrane 
in  a  normal  condition.  ^S^otilOr  it  is  that  tlie  cpitholium  is  abnormally 
scDsitive  to  lack  of  oxygen,  or  whether  tho  doSbrinated  blood  acts  as  a 
poisonous  substance,  or  for  some  other  reason  the  epithelium  undergoes 
very  readily  a  kind  of  autolysis  in  sucli  experiments  and  the  perfused 
blood  escapes  into  the  lumeu  of  the  mtetstiue.  Certaiu  it  is  that  the 
absorption  normally  occurs  in  Urge  measure  iu  the  upper  part  of  the 
small  intestine  and  tliat  relatively  little  remains  to  be  reabsorbed  in  the 
colon. 

The  changes  undergone  by  the  food  matters  during  absorption  are 
still  badly  known,  but  the  fats  are  apparently  rcsynthesizod  to  neutral 
fat,  the  carbohydrate  unchanged  and  the  amino-acids  arc  in  part  deami- 
dized  and  in  part  they  paus  as  such  into  the  blood. 
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CHAPTER  XII. 


THE  BLOOD.    THE  CUICULATJNG  TISSUE. 


Sinue  each  cell  of  the  body  needs  food  and  oxygen  and  is  injured'^ 
by  the  accumulation  of  its  own  waste  products,  it  is  Doccssary,  if  a 
multicellular  organism  of  a  large  size  is  to  exist,  that  there  be  aome, 
means  of  getting  food  and  oxygen  to  the  cells  in  the  interior  of 
mass,  and  some  means  of  remoTing  the  waste  matten.  This  problem  w, 
solved  by  one  of  the  tissues,  the  blood,  becoming  liquid  bo  that  it  could 
i-iutily  penetrate  all  the  crevices  of  the  body  uud  como  into  intimate, 
contact  with  every  ccU,  and  thus  nourish  it.  There  was  finally  developed, 
also,  a  system  of  tubes  to  contain  the  blood  and  a  pumping  organ,  the 
heart,  which  drove  it  all  over  the  body.  Every  cell  of  the  body  oomea 
then  into  close  contact  with  the  circulating  fluid  and  exchanges  food 
and  waste  products  with  it.  In  some  organisms  this  fluid  bathes  each  cell 
directly,  so  that  all  cells  of  the  body  really  live  iu  the  blood.  This  is  the 
case,  for  example,  iu  invertebrates  and  in  the  cortical  parts  of  tlic  supra- 
renal capsules  of  vertebrates  where  there  are  no  capillaries.  In  these 
eases  the  blood  passes  directJy  from  the  ends  of  the  arterioles  into  the 
tissue  spaces  and  is  collected  from  these  spaces  into  the  veins.  But 
usually  in  vertebrate  organs  the  blood  is  confined  to  tlie  blood  VGaaels.  It 
lias  evidently  been  found  on  the  whole  to  be  better,  (or  one  reason  or 
another,  to  conflne  the  blood  in  this  manner.  The  finer  blood  vesse' 
the  capillaries,  have  walls  so  thin  and  so  permeable,  or  arc  physiologically 
so  constituted,  that  oxygen  and  other  gases  and  water,  salts  and  food 
matters  pass  easily  through  tltein,  so  that  the  tissuo  cclU,  while  not 
directly  in  the  blood  stream,  are  in  the  lymph,  which  comes  from  the 
blood.  The  principal  advantage  of  a  closed  vascular  system  is  thot 
circulation  Is  probably  more  easily  controlled  with  such  an  arrange- 
ment than  when  the  blood  flows  from  the  arteries  into  lacunar  spaces 
in  Uie  tissues.  By  tliis  device  it  is  possible  to  drive  the  blood  faster  past 
the  tissues  and  to  provide  more  food  and  particularly  more  oxygen.  The 
main  difference  in  the  metabolism  of  the  higher  and  lower  vertebrates 
Uthenmch  more  intense  oxidation  in  the  higher.  It  is  the  nervous  s^-s- 
tern  which  especially  requiree  a  vet7  large  supply  of  oxygen  and  it  wu 
probably  primarily  to  supply  this  tissue,  which  has  the  keenest  mctab- 
oUsni  of  all,  that  the  many  devices  for  improving  the  circulation  have 
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evolved.  It  must  be  remembered  that  it  is  tli«  nerroos  flTstom 
which  lias  been,  on  the  whole,  consistently  selected  in  vertebrate  uid 
also  in  invertebrate  evolution.  The  rest  o£  tlie  body  really  exists  for  iL 
Each  cell  o(  tlic  body,  then,  even  of  th«  higher  vertebrat«a,  really  lives 
in  au  aqueous  lucdium  just  as  do  uniceltular  organisms,  which  live  in 
water  itself.  And  for  this  reason  the  blood  has  bcun  called  the  internal 
medium  of  tlio  body. 

Lymph. — The  spaces  of  the  tissues  are  filled  with  a  liquid  called 
lymph,  derived  from  tbe  blood  by  secretion  through  the  capillary  walls. 
Lymph  resembles,  in  many  ways,  the  plasma  of  the  blood,  and  contains 
sumo  white  corpuscli^s  or  l-uUs  in  suttpeusion  iti  it.  These  are  called 
lymphocytes.  Some  of  this  lymph,  which  is  tbe  immediate  liquid  en- 
vironment of  the  tiitsue  veils,  passes  back  to  the  btood  by  absorption 
through  the  capillaries,  but  part  of  it  is  collected  into  thin-walled 
vessels  called  lymphatics,  which  resemble  veins  in  structure,  and  after 
passing  through  lymph  glands  tbe  liquid  finally  &nds  its  way  back  to  the 
blood  by  tbe  thoracic  duct  aud  other  lymphatics  opening  into  the  blood 
at  the  junction  of  the  internal  jugular  and  left  subclavian  vein.    Food 

Btances  pass  from  the  blood  to  the  lymph  and  the  cells  take  them 
the  lymph.  The  waste  products  pass  in  the  opposite  direction. 
One  object  of  a  separate  lymphatic  system  may  be  t«  guard  against  infec- 
tions, since  when  bacteria  find  access  to  the  tissues  they  are  carried  by 
the  lymph  stream  to  the  b'niph  glands,  where  they  are  generally  digested 
and  tbe  infection  is  thus  confined.  There  may  be  other  advantages  also 
in  this  separate  lymphatic  system. 

Functions  of  the  blood- — The  blood  has  four  great  functions:  1,  It 
carries  food  from  the  intestine  to  the  tissues;  and  gaseous  food,  or 
oxj'gen,  from  the  lungs  to  the  tissues;  2.  It  removes  waste  products 
from  the  tissues  and  carries  them  to  tbe  kidneys,  lungs,  intestine,  and 
skin,  the  excretory  organs  of  the  body :  3.  It  provides  for  the  metabolic 
co-ordinatiou  of  tbe  body,  in  that  it  distributes  tbe  internal  secretions 
from  each  organ  to  other  organs  which  utilize  them.  It  thus  keeps 
tissues,  which  may  be  far  separated,  in  metabolic  co-ordiuatioa  or  ex- 
change with  each  other;  it  is  the  internal  medium  of  exchange;  i.  It 
plays  a  very  important  part  iu  the  defense  of  the  organism  against  the 
invasion  of  parasites. 

Composition  of  the  blood. — The  blood  is  generally  considered  to  be 
a  liquid  tissue  tying  within  a  system  of  tubes,  tbe  blood  vessels,  and  the 
latter  arc  not  considered  as  part  of  the  blood  itself.  More  correctly, 
however,  both  blood  and  tlic  endothelium  of  the  blood  vuisels  make  part 
of  a  single  system  and  it  is  imi>ossible  to  alter  one  without  at  the  same 
time  altering  the  other.  The  liquid  part  of  the  blood,  the  plasma,  is 
regarded  as  corresponding  to  the  lifeless  intercellular  substance  of  eon- 
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nective  tiasne  and  cartilage;  the  cells  or  tiving  part  of  this  tissue  being 
the  red  &nd  while  corpuscles.  From  this  point  of  view  the  liquid  part 
of  the  blood  is  a  lifeless  carrier  of  waste  materials  and  food  Bubstanoes 
to  the  various  othor  tissues  of  the  body  and  only  the  cells  of  the  blood 
arc  living.  One  ean  look  at  the  blood,  however,  in  a  different  way,  as 
soggeBted  by  'Wootdridge,  and  from  this  point  of  view  it  gains  woadcr- 
ftllly  both  in  interest  and  instruetiveness.  The  blood  aa  a  whole,  includ- 
ing the  endoiJielial  cells  of  the  blood  vessels,  may  be  considered  to  bo 
living  matter,  distinguished  from  moat  other  iiving  matter  by  its  greater 
fluidity.  There  are,  however,  other  kinds  of  living  matter  of  a  liquid 
kind.  The  proloplasma  of  the  ainojba  and  many  plant  cells  are  so  liquid 
that  it  flows  readily  and  is  in  reality  a  circulating  liquid.  The  blood 
plasma  may  be  regarded  as  a  v<.*ry  liquid  [irolopliism  formed  essentially 
by  the  cells  of  the  vascular  eudoUiolium,  by  the  blood  cells  and  the 
hematoblasts.  The  blood  plalekta  ami  the  red  blood  corpiiscli^  may  be 
regarded,  from  this  point  of  view,  as  homologous  with  the  granular 
ineluaions  of  many  ecUs.  Blood  separated  from  the  endothelial  cells 
^es  and  clots;  in  just  the  same  way  a  peripheral  nerve  dies  it  severed 
from  its  nutritive  center.  We  shall  in  this  chapter  adopt  this  point 
of  view  o£  "Wooldridge  and  consider  the  whole  blood,  the  more  liquid 
porlioiis  together  with  the  corpuscles  both  white  and  red.  the  platelets, 
and  the  cells  lining  the  Mood  vessels,  as  consisting  of  n  great  mass  of 
living  protoplasm.  The  proci-sst-s  which  occur  in  the  blood  are  then  in 
many  important  particulars  probably  identical  with  those  occurring  in 
living  matter  generally.  Thus  the  clotting  of  the  blood  is  not  to  be 
regarded  as  a  separate  and  independent  property  pL'culiar  to  this  tissue, 
but  as  typical  of  similar  processes  occurring  in  every  form  of  living  mat- 
ter. For  all  living  matter  like  the  blood  has  the  properly  of  forming  a 
gel  or  clotting.  Blood,  too,  respires,  like  living  matter.  When  the 
amino-acida,  carbohydrates,  etc.,  enter  the  blood  by  diffusion,  or  by  secre- 
tion of  the  endothelial  wall,  they  are  not  then  entering  an  inert  fluid, 
but  they  are  entering  real  living  matter  and  tlicir  subsequent  fate  in 
this  fluid  becomes  extraordinarily  interesting  as  showing  the  probable 
&ite  of  umilar  substances  in  the  body  cells  generally.  The  pi-oteius  of 
the  blood  plasma  are  not  to  be  considered  as  inert  sim^pte  proteins,  as 
they  are  ordinarily  considered,  as  so  much  globulin,  albumin  and 
fibrinogen  in  solution,  but  they  are  probably  united  in  the  blood  plasma, 
at  least  to  some  extent,  with  phospholipins,  just  as  they  arc  in  cells;  and 
they  probably  make  port  of  a  complex  substance,  in  reality  an  organized 
and  verj  unstable  substance,  the  blood  plasma.  The  alkalinity  of  th9 
blood  is  about  the  same  as  that  of  the  tissues  generally  and  the  methods 
of  maintaining  its  alkalinity  arc  those  employed  by  all  forms  of  living 
matter,    A  study  of  the  alkalinity  of  the  blood,  its  variation  both  phyrio- 
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[^cal  and  pathological  and  the  means  employed  to  hold  it  constant, 
throws  light  on  the  alkalinity  of  every  cell. 

Wo  prohably  know  more  about  the  compoeition  and  the  chemical  and 
physical  changes  taking:  place  in  the  blood  than  of  any  other  tissue,  hut 
that  our  knowledge  is  still  extremely  fragmentary  will  appear  in  the 
pages  which  follow.  The  stuily  of  the  blood  is  in  many  ways  easier 
than  that  of  any  other  tissue.  Being  liquid,  it  is  readily  obtained  in 
large  amoonts  Cor  chemical  and  physical  investigation,  and  by  ceotrifu- 
galization  we  are  able  to  separate  it,  without  inducing  serions  chemical 
changes,  into  portions  of  lighter  and  heavier  spcciSc  gravity.  Moreover, 
we  can  get  such  quantities  of  it  that  we  arc  able  to  experiment  with  it 
more  than  with  almost  any  other  tissue  of  the  body. 

General  composition  of  mammalian  blood. — Mammalian  blood  as  it 
circulates  within  the  blood  vessels  consists  of  a  more  fiuid  part,  the  blood 
plasma,  and  this  contains  a  large  number  of  cells  and  organized  struc- 
tures in  sufipenalou.  The  cells  are  the  leucocytes,  or  white  blood  cells; 
the  special  organized  structures  are  the  red  blood  corpuscles,  or  erythro- 
cytes, and  the  blood  platelets.  The  other  cells  belonging  to  this  system, 
the  endothelium  of  the  blood  v«iscls,  are  fixed,  not  circulating,  cells  and 
wo  shall  for  the  present  negkiil  tJicm;  but  more  than  any  other  celts  o£ 
the  blood  they  probably  control  its  composition  and  metabolism.  The 
general  composition  of  mammalian  blood  is  ss  follows; 

1.     Blood  (mnniniFiIlnii)   rDnniitU  of : 

A.  PlMma   BO-70%  by  volunw.   or  nbout  &&%  by  weight. 

B.  Corpusclw   ..     40-3096     ......        -      4^    -        *< 

A.    Plasm*. 

(SpMifie  jrritritys  1.0237-1.0279  )tt  8S* ) 

i».     WxUT ,  ,     «0 .  O25E, 

b.     Solid"   10-   9 

Orgnnic 

f.ipopnitfln*  8.8  -(W 

rnrtio))v<irn1««    0.1  -0.2 

Clioli'Btfrol    0.08-0.14 

r.tt  nntt  fnt  ftdds 0.3  -O.S 

Extractives 0.05-O.2 

Inorganic 1-2 

<lkdM-haUai). 
SnTll7s5 1.088) 

a.  Water , «B.7-5».2 

b.  SoHd>    31.3-40.8 

OTHBio  30.4-3B.0 

HcmogloUD    31.7 

Stroma 

rhanphallpin    &.87'0.3S 

CUttleaterol   0.14-0.17 

(Grigant  et  Hutllicr) 

Fn^ln   ».7  -0.4 

Tnorgaofc  C«xcludliig  Fc(    ..  041 
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The  f  ollowinK  analysis  o£  bmnan  blood  was  made  by  Carl  Schmidt : 
BLOOD  OF  A  MAN  TWENTY-FIVE  YEABS  OP  AGE 

0N&  THOUSAND  GKAUS  OP  BLOOD  CONTAIN 


813.02  BLOOD  OOBPUBCm 

Water    S49.ea 

Babetances  sot  Taporizing  at  120°  163.33 

Hematin    7.70 

(Including  0.612  iron) 

"  Blood  caaeiD,"  etc   161.89 

Inorganic  oonstltuenta  3.74 

(excluding  iron) 

Chlorine 0.888 , 

Sulphuric   acid    0.031 

Phosphoric  add  0.696 

Potusium   I.68C 

Sodium    0.241 

FhoBphate  of  lime 0.048 

Phosphate  of  magneBiiim  0.031 

Ozf  gen 0.206 


PotaBBiiim  chloride   1.887 

Potassium  sulphate 0.068 

Potassium  phosphate  1.202 

Sodium  phosphate    0.326 

Soda  0.176 

Calcium  phosphate    0.048 

Magnesium   phosphate    0,031 

Total    3.736 


496.08  PLASMA 

Water     438.02 

Suhatanoee  not  evaporated  at  120*  47.06 

Fibrin    3.03 

Albumin,  etc 30.80 

Inorganic  constituenta  4.14 

Chlorine 1.722 

Sulphuric  acid  0.063 

Phosphoric  add  0.071 

Potassium   0.153 

Sodium    1.681 

Caldum  phosphate  0.146 

Magnesium  phosphate   0.106 

Oxygen 0.221 


Potassium  diloride  . . 
Potassium  sulphate  . . 

Sodium  chloride   

Sodium  phosphate  . . . . 

Soda  

Calcium  phosphate   . . . 
Magnesium  phosphate 


0.175 
0.137 
2.701 
0.132 
0.746 
0.145 
0.106 


I 


Total    4.142 


BPBOmO  OBAVrrr  ::^  1.0599 
1000   OBAUH   or  BLOW  OORFUBOLKB 

Water     681.63 

Substances  not  volatile  at  120*  . .  318.37 

Hematin 16.02 

(including  0.908  Iron) 

"  Blood  casein,"   etc    296.07 

Inorganic  constituents  7.28 

(excluding  iron) 


*  C.  Schmidt,  "  Charakteristik  der  epidemischen  Cholera,"  pp.  29,  32:  Ldpzig 
and  Mitau,  1850.  Quoted  from  Bunge,  Phyaiclogio  and  Pathologic  Chemistry,  2d 
ediUon.  p.  212-213,  Philadelphia,  1902. 


1.751) 

Sutpliiiric  aot.l      0.061 

Fboapboria  acid 1.330 

Potuaiuni ...,. 3.MI 

Sodium    0.470 

CiUcium  phosphate 0.09-) 

UasnoBiuiiiiiliombftU  .•.>>■<.■•.  O.OilO 

(OMTtta    O.-lOl 
Total  inorganiA  constituuiU  (excluding  iron] 
smnno  aaantr  =:  l.088< 


PotMBlum  ■utphktc 0.132 

Potatisiuni  chloride   . .         3.(179 

Pofaualum  plioapliab!  2.343 

Sodium  pbo«phat«  0.833 

Soda   0.341 

Ch1(^Iui)i  i>liO!tnhnt«   .■.•••....■,.  0.004 
Mngnuium  plioapbate    0.000 


7.2S2 


1000  GK&US  or  l-LAAUa  coktain 

WatoT 901.51 

Solids  nofiTolatite  at  120" D8.4> 


Fibrin 8,08 

Atbumin.  etc.   Sl.ft2 

ladT^nie  eonatito«nta  S.SI 

CblorinA     3Jt30 ' 

Snlfdiuric  acid „*i,...  0.120 

Phonphori?  acid 0.14S 

ratasiium 0.314 

SodiuiB    3.410 

Calcinra  pbnmhata 0.29fl 

Uagnealuin  pnospbate  0.St8 

(ht^cn  0^5 


PoUaiium  mlphatft 0.281 

Fotasniiiin  chk>rid«   ;.....  0.3S9 

Sodium  cJilorlite S.S48 

Sodium   pbOKpbiiUi  0.271 

Soda    I.S32 

Calcium  pliMjiliato    ......   0.208 

Magnesium  piio*phat«   0.218 


Total  of  inorganic  conBtltuents 
erRctno  okatitt  =  1.0312 


S.?U5 


loon  oBAUa  or  sntuu  coktain 

608.M 

mt  voUtlle  at  ISO*   01.10 

Albtimin,  uLc  82.69 

Inorganio  oODBtitucnti   9Ji7 

Chlorine    3.5M 

Stilphiiric  ncid 0.130 

Phosphoric  acid 0.148 

Potaaaium   0.317 

Sodium 3.438 

Cnlcium  pboapbatfi    0.300 

Matrncaium  phoaplmtc    0.220 

Hxjgwi   0.468 


Potanium  sulphnte OJUO 

Potasalom  ebforidv OlWIS 

Sodium  chloride ^ SMI 

Sodium  pbosphate    0573 

Soda  1.S15 

Cakiuoi  pho>phat«   0.300 

Mugneaium   piioaplinU    O.SSO 


Total  inorganic  eoTiBtitucnta 8J(74 

BFetnno  oravitt  — 1.0292 


Corpuscles  of  the  blood.  White. — Tfa«  white  corpuscles  are  true 
cells.  They  }iave  a  nucleus;  Ihey  are  capable  of  spontaneouB  movement 
and  reproduction.  They  are  colorless,  amoGboid  cells  whleJi  have  thi* 
power  of  phagocytosis;  that  is,  of  eating  bacteria  and  other  solid  matters 
which  enter  tlie  blood.  Their  specific  gravity  is  leas  thao  that,  of  tlie  red 
blood  corpuscles,  so  that  they  collect  as  a  layer  above  the  reds  when 
the  blood  is  oentrifugalized.  They  have  an  active  metabolism,  and  their 
composition  is  that  of  t^-pical  celts  consisting  of  true  nucleins,  phospho- 
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lipixu,  globalina  and  albamins,  wliicb  are  at  least  in  part  in  anion  with 
phoflpbolipin.  They  liavc  Uie  extractives  usually  found  in  coUs.  They 
are  variable  in  size,  but  they  are  somewhat  larger  than  the  red  blood 
Rorpusclvfl.  In  mammals'  blood  (heir  diameter  is  about  4-13  /(.  Their 
number  in  very  variable.  NorraiiUy  there  is  about  one  leucocyte  to  350- 
500  red  cclLs  in  human  blood,  or  about  7,000-15.000  per  c.mm.  of  blood. 
The  number  is  relatively  larger  in  the  young,  and  it  is  increased  in  many 
infectious  diseases  by  the  injection  of  uuolein,  by  suppuration,  and 
by  a  meat  di«t.  In  the  pathological  condition  of  leucaemia,  or  Icueo- 
cythemia,  Ihe  nurabpr  may  he  greatly  inereased  so  that  the  blood  has  a 
creamy  appearamre,  as  if  pus  Kerfi  mixed  with  it,  Tlie  numbers  may  rise 
to  500,000  per  cmm.  of  blood.  This  disease  may  be  analogous  to  a 
neoplasm  involving  the  white  cells  or  the  tiesue  which  produces  them. 
The  white  corpuscles  are  of  various  kinds;  a,  polymorphonuclear;  b, 
lymphocytes ;  c,  eosinophile ;  d,  basophile,  etc.  They  are  formed  in  the 
bone  marrow,  or  in  the  lymph  glanda,  and  possibly  in  part  In  the 
spleen. 

iiotility  of  white  cells.    The  white  (and  also  the  red)  corpuscles 
when  placed  in  a  thin  film  of  blood  or  Ringer's  solution,  and  possibly- 
under  other  circumstances  as  well,  undergo  very  remarkable  ohangog 
of  form :  not  only  are  the  white  corpuscles  amtEboid,  but  they  shooi  out 
from    themselves   long,    whip-like    processes    which  extend   many   cell 
diameters  and  have  an  active  movement.    These  processes  move  back 
and  forth  and  they  are  very  sticky,  so  that  bacteria  stick  to  them  like 
Qies  on  sticky  fly-paper.    The  processes  may  be  very  quickly  wttbdrawn.. 
within  the  cell  and  the  latter  resume  its  amoeboid  form  (Kite).    Thew* 
processes  may  be  seen  with  particular  clearness  with  the  dark  field  illu- 
mination.    They  seem  to  be  due  1o  some  surface  tension  action.     Very 
similar  processes  are  found  also  on  the  red  cells  under  certain  conditions. 
By  means  of  their  motility  the  while  cells  can  crawl  out  of  the  blood 
vessels  into  the  tissues,  and  their  main  function  appears  to  be  to  remove, 
old,  worn-out  or  diseased  tissues  and  cells,  and  to  digest  or  otherwisaj 
overcome  parasites  of  alt  kinds  attacking  the  body.    Probably  they  helpj 
also  to  form  the  proteins  of  the  blood,  plasma. 

Red  corpuscles-  Erythrocytes. — The  number  of  red  corpuscles  in' 
mammalian  blood  is  very  great.  In  human  blood  it  is  normally  between 
5,000,000  and  6,000,000  per  cram,  of  blood,  but  in  leucaemia  and  in 
anemias  of  various  kinds  it  may  be  reduced  to  half  this  number  or  even 
leas.  These  corpitsclcs  have  normally  in  human  blood  the  form  of 
biconcave  disks  and  they  contain  no  nuclei.  But  in  mammalian  embryoa, 
or  in  adults  after  hemorrhage  when  the  blood  is  regenerating.  largeTi^j 
nacleated  rod  cells  may  be  present;  and  in  all  the  vertebrates  bdc 
mammals  tlie  corpuscles  are  red  nucleated  cells,  oval  in  outline  Bni 
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bictmvex.  The  mammalian  red  blood  corpuscles,  as  they  lack  naclei, 
are  not  complete  cells.  Thcip  diameter  in  human  blood  is  usually  about 
7-8  II,  but  there  may  be  some  as  small  aa^  ft  and  larger  ones  up  to  12  fi 
in  diameter.  Their  numbers  are  increased  by  living  at  high  altitudes, 
or  by  exposing  an  animal  to  a  lowered  pretsure  of  oxyfreo.  An  animal 
responds  to  either  of  these  conditioiui  by  the  production  of  more  eor- 
puselus  and  more  hemoerlobin,  no  that  the  blood  can  carry  more  oxygen 
at  a  lower  partial  pressure  of  the  oxygen. 

The  red  corpuscles  contain  hemoftLobin  and  their  chief  function  i^ 
to  carry  oxygen  to  the  tiasuea  from  the  lungs.  Besides  the  hemoglobin, 
lliey  eoulain  cbiefly  lipoprotein  material.  Their  composition  will  be 
taken  up  presently.  They  are  formed  in  the  red  marrow  of  the  bones 
by  ixlls  railed  heiiiHtoblasts.  How  long  they  live  is  not  known.  Their 
form,  while  quite  cliaraeteristie  and  apparently  fixed  in  most  prepara- 
tions so  that  it  is  apt  1o  give  the  notion  of  considerable  rigidity,  is  in 
reality  not  so.  They  are  soft,  and  their  peripheral  layer  at  least  is 
apparently  made  of  a  sticky,  fluid  matter.  Under  certain  conditions, 
when  they  are  mounted  on  a  glass  slide  at  least,  they  undergo  extraor- 
dinary changes  of  form.  At  times  in  a  moment  they  all  become  covered 
with  sharp  projections  like  burs;  they  are  then  said  to  be  crenated,  and 
under  high  powers  of  the  microscope,  particularly  in  the  dark  field,  it 
may  be  seen  that  fine  protoplasmic  processes  may  extend  over  a  cell's 
diameter  in  Icngtli  from  the  ends  of  the  sharp  processes.  These  processes 
may  be  in  active  movement.  The  processes  may  be  withdrawn  as  rap- 
idly as  they  arc  extruded  and  the  cell  round  up  to  the  typical  shape.  If 
stimulated  by  touching  the  corpuscle,  the  proces.'ies  may  be  suddenly 
shot  out,  or  as  suddenly  withdrawn,  or  by  a  slightly  stronger  stimulus 
the  erythocyte  may  withdraw  them,  suddenly  swell  and  undergo  solu- 
tion. In  all  these  respects  the  erythocytes  behave  like  many  other  cells, 
like  the  white  blood  celts,  a  great  many  kinds  of  egg  cells  and  tissue 
cells  of  the  lower  animals,  such  as  sponges.  They  resemble,  too,  some 
of  the  mitochondria  (Kite;  Oliver).  These  changes  in  form  indicate 
very  clearly  that  tkc  corpuscles  are  irritable  and  at  least  the  exterior 
substance  of  tho  cell  is  liquid,  since  only  liquids  have  the  power  of 
molecular  movement  necessary  for  those  rapid  and  citrHordinary 
changes.  The  changes  in  shape  have  been  vanously  interpreted.  Some 
have  regarded  them  as  the  beginulng  of  death  changes ;  but  to  the  author, 
as  to  many  who  have  watched  thciu,  they  appear  exactly  analogous  to 
the  vital  responstHi  of  all  kinds  of  living  matter.  They  show  that  the 
property  of  movement  is  not  lost  to  tlic  red  cells,  and  that  they  are  real 
living  cells,  alh«it  of  n  special  kind,  and  not  rigid,  or  semirigid,  quiescent. 
dead  structures.  They  lack  nuclei  and  with  this  they  have  lost  to  a 
large  extent,  but  not  entirely,  the  power  of  respiration  and  all  power 
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of  growth,  or  synthetic  metaboliam,  but  they  are  still  reactive,  although 
far  less  so  tbao  tlie  white  cells.  Thoy  probably  live  for  a  certain  time 
only  and  grow  old  like  other  cell  structurfia.  These  are  not  the  only 
cells  withoat  naelei  in  tbc  animal  kingdom.  In  certain  molloscs  there 
are  found  in  the  seminal  fluid  gigantic  anomalous  spermatozoa  in  which 
the  nucleus  has  totally  degcuerated  and  disappeared,  and  yet  the  cells 
continue  to  exist  for  a  long  time,  and  these  cells  without  nuclei  are  capa- 
ble of  movement. 

It  is  because  of  the  presence  of  the  corpuscles  of  the  blood  that  even 
in  thin  layera  the  blood  is  not  transparent,  but  opaque.  A  i!:ood  deal 
of  light  is  refiected  from  the  surfaces  of  the  corpuscles.  If  the  corpuscles 
are  dissolved,  the  blood  takes  a  darker  tint  and  becomes  transparent.  It 
is  then  said  to  be  "  lakcd."  The  darker  Lint  k  due  to  the  fact  that  in 
laked  blood  there  is  a  smaller  admixture  of  wliite  light  reSecled  from 
ihe  corpuscles. 

Because  of  their  small  si/e,  flat  disk  !lhap<^  and  enormous  numbers. 
the  total  surface  of  the  red  corpuscles  in  a  human  udult  amounts  to 
from  3,000-4,000  square  meters.  The  blood  makes  about  one-twelfth 
of  the  total  weight  o£  the  body.  In  a  man  of  72  kilos  weight  there  would 
be  some  6  kilos  of  blood  or  something  over  5.5  liters,  since  the  specific 
gravity  of  the  blood  is  about  1.055.  The  total  number  of  red  blood  cor- 
puscles in  the  body  would  bn  about  30,000,000,000,000.  The  surface  area 
of  a  corpuscle  is  about  0.000,1  sq.  mm.  The  large  surface  area  of  a 
corpuscle  in  comparison  with  its  bulk  facilitates  the  exit  and  entrance 
of  oxygen. 

Blood  platelets. — ^The  blood  platelets  are  sphcncal,  or  dish-shaped, 
bodies  found  in  the  shed  blood  of  mammals,  but  not  in  the  blood  of  birds 
or  other  vertebrates  lower  than  the  manunals.  The  platelets  are  of 
somewhat  irregular  size,  the  diameter  varying  from  1.5-3  fi.  Their 
numbers  are  also  very  variable,  and  it  is  a  very  suggestive  fact  that  the 
more  care  that  is  used  to  keep  the  blood  in  a  living  .state  the  fewer  plate- 
lets there  are.  Injury  to  the  wall  of  the  blood  vessels  creatly  increases 
their  numbers.  They  are  refractive  bodies  and  apparently  nearly  or 
quite  homogeneous.  There  is  no  evidence  that  they  contain  nuclei.  The 
number  of  these  bodies  in  shed  blood,  as  has  been  said,  is  very 
variable,  but  they  may  be  present  in  very  large  numbers:  namely,  from 
300,000-800,000  per  c.mra.  of  blood.  SometiraeH  lliey  contaia  hemo- 
globin, but  they  are  generally  colorless.  The  origin  and  nature  of  these 
bodies  has  been  much  disputed,  but  the  following  conclusions  are  those 
generally  accepted.  They  are  almost  certainly  derived  from  tlie  wliite 
blood  corpuscles,  and  in  part  ot  least  from  the  red.  In  their  chemical 
composition  they  appear  to  be  identical  with  the  stroma  of  the  red 
corpuscles  or  the  protoplasm  of  the  leucocytes,  and  like  undifferentiated 
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protoplasm  Renerally.  By  some  they  have  'been  supposed  to  be  com- 
poBod  of  uu<!k>m,  but  tbia  ib  almost  certainly  incorrect  and  is  due  to  the 
fact  lliat  tbey  show  some  of  tbe  propertiai  of  nu4-leins,  such,  Cor  examplie, 
as  solubility  and  tlie  property  of  yielding,  when  digested  by  pepsin 
bydroc-hloric  acid,  an  insoluble  residue  rich  in  pbospboric  acid.  In 
reality  the  platelets  consist  of  a  pbospholipiii'protein  compound.  The 
phosphoric  acid  is  in  a  phospbolipin.  The  platelets  consist  of  what 
Wooldridge  calls  A-fibrinogoD.  As  we  shall  see  when  we  come  to  the 
dotting  of  the  blood,  they  play  a  very  Important  Tole  in  this  process  and 
they  yield  fibrin,  and  also  a  substance  called  thrombin  or  fibrin  ferment, 
and  a  proteolytic  ferment. 

It  is  very  difficult  to  decide  whether  the  platelets  are  preformed 
in  the  living,  unchanged  blood  or  whether  they  appear  there  with  great 
ease  when  blood  is  disturbed.  We  now  know  that  the  chromosomes  of 
tbe  nucleus,  wbich  are  certainly  organized  structural  constitueuta,  may 
appear  with  great  rapidity  when  the  nucleus  is  stimulated  in  any  way 
(Chambers).  It  may  be  the  same  with  the  platelets.  Altbough  they 
have  been  seen  in  tbe  living  capillaries,  yet  it  is  significant  that  there 
are  fewer  the  more  rare  is  taken  to  avoid  injury  to  the  eapillarics 
and  stasis  of  the  blood.  It  is  impossible  to  examine  the  blood  without 
causing  some  injury  to  it  The  platelets  form  the  first  beginnings  of 
the  thrombus  in  intra%'ascular  clotting  and  they  appear  in  such  numbers 
that  it  is  impossible  that  they  should  have  been  preformed  in  the  blood. 
It,  for  example,  one  tiea  off  a  portion  of  the  carotid  artery  of  tbe  dog 
with  its  contained  blood  and  then,  the  dog  lying  on  its  back,  one  injures 
the  wall  of  the  carotid  on  the  upper  (ventral)  surface  with  silver  nitrate 
or  heat,  a  thrombus  forms  in  the  vessel  at  the  injured  point.  It  is  found 
that  the  thrombus  consists  chiefly  of  platelets  and  there  are  vastly  greater 
numbers  than  could  have  been  present  in  the  smalt  amount  of  blood 
caught  between  the  ligatures.  Injury  to  the  endothelial  wall  appears 
to  call  them  forth.  This  observation  is  very  strong  confirmation  of  the 
view  of  Wooklridge  Umt  the  platelets,  in  part  at  least,  are  in  solution  in 
tbe  plasma  in  a  supersaturated  form  and  when  disturbed  they  crystal- 
liw)  out,  He  regarded  them  as  in  the  nature  of  imperfectly  crystalline 
proteins.  They  appear  to  the  author  to  resemble  what  are  known  as 
fluid  crystals.  Moreover,  substances  of  this  chemical  nature  are  par- 
ticularly apt  to  form  fluid  crystals.  Schwalbe.  wbo  tried  the  experiment 
on  thrombosis  just  cited,  concluded  that  they  must  come  from  tbe  red 
corpnsdea,  because  some  of  the  red  corpuscles  were  found  in  various 
unusual  forma  as  if  they  were  decomposing.  It  is  hard  to  see  how  with- 
out motion  of  the  blood  the  platelets  could  accumulate  at  the  upper  part 
of  the  artery  where  they  were  found,  since  they  are  heavier  than  the 
blood  plasma  and  would  naturally  sink.    It  is  hence  more  probable  that 
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they  are  formed  in  the  method  described  T>y  Wooldiidgo  by  a  process  ot' 
erystallization  from  tlio  plasma,  the  crystallization  taking  plaw  first 
at  the  point  of  injury  of  Uie  artery  wall.  It  is  probable  that  Rom(>  aro 
preformed  in  the  blood  as  it  circulates,  but  this  would  not  at  all  militate 
agaimst  this  view.  Many  aiilhoritics,  howTvcr,  arc  of  the  opinion  that 
the  platelets  arc  almost  wholly  preformed,  livinf;  elements  (see  Dietjen). 

The  plalcletA  may  in',  prepared  by  rctiviving  blood  in  an  cqna1  volume 
of  0.2  per  c«nt.  sodium  oxalate  solutioa,  or  sodium  metaphospbate  or 
fluoride,  so  as  to  prevent  coajrulation  and  the  dissolution  of  the  platelets, 
and  then  by  ociitrifiipHlization  at  a  relatively  bIow  speed  to  separate  out 
the  eorpusi'liis.     Tlit!  plattma  witli  the  platjeleta  iK  then  poured  off  from 
the  red  and  white  corpuielea  and  eentrifuged  very  faat  for  ftome  time. 
The  plati'lfts  arc  thus  thrown  out  and  rollect  as  a  grnyish-wbite  layer 
at  the  bottom  of  Ihe  tube.     They  an;  quite  snhible  in  the-  plasma  on 
wanning  when  they  are  first  separated  (Wooldridgc),  but  on  sf-andinff] 
lose  Heir  solubility.    Their  numbers  aro  increased  by  cooling  the  plasmAJ 
before  centrifugalizinfc  it.     At  first  they  dissolve  readily  also  in  salt' 
solution  eontaining  a  little  allcali,  but  on  standing  rapidly  change,  becom- 
ing; more  insoluble  and  like  Sbrin.     A  suspension  or  solution  of  the, 
washed,  perfct'tly  fn'sh,  unt-hanfjcd  plates  has  the  propert.y  of  forming  a. 
^ieal  clot,  yielding  fibrin.     (Wooldridge ;  Sohittenbelm  and  Bodong.) 

Blood  plasma. — Floi'se  blood  rontainN  about  34.5  pt-.r  eent.  by  weigbt 
of  corpoacles;  and  65.5  per  cent,  of  plasma.  In  other  mammals  the  pro- 
portions are  not  very  di^erent  from  this.  In  human  blood  tbc  corpuscles 
make  35  40  per  cent,  of  the  blood  by  volume  and  nearly  50  per  cent,  by 
weigbt,  since  their  speeific  gravity  is  greater  than  Uiat  of  the  plasma. 
The  plasma  contains  about  10  per  cent,  by  weight  of  solids,  of  whicb 
about  7*9  per  cent,  are  proteins;  1  per  cent,  salts,  and  the  rest  lipjn  anc 
various  other  substances,  such  as  urea,  creatine,  amino-acids,  dcxtroee,' 
etc,  present  tn  small  amounts.  The  composition  of  the  serum  is  given 
in  tJic  following  table: 

Ox  Bijooo  (Attderhitld«n,  Bunge's  textbook). 

V!»tPT    913.ft4 

Solid!     , 8(1.38 

Protaifl 72.6 

8iijcnr     L.05 

Chokatcrol    tSZB 

lycciUiln    , l.«"5 

Fftt     ■•, 9-*2B 

Pho*iihorM!  aeld  M  BU«kin 0,0133 

Soda     4.312 

PoUfth    0.255 

Iron  oxite 

Lime     0.1194 

HopiMift    0.044C 

C^^    ^ 3.« 

nu«i>borle  add  0.244 

InOTguiic  pboiiplnrlc  add 0.484T 
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Tlie  proteins  which  may  be  separated  from  it  arc  1,  fibrioogen;  2, 
serum  globulin ;  and  3,  scrum  albumin.  It  is  possible  Uiat  tho  globoUa  is 
a  mixture  of  two  or  more  proteins.  Another  protein  is  present  in  the 
blood  serom,  but  not  in  tJie  plasms,  called  serum  fibrinogen  by  its  dis- 
coverer, Wooldritlge,  but  more  eommoiJj  fibrinoglobulin.  The  com- 
po&itiou  of  the  blood  prokins  will  be  taken  up  later  on  page  549.  They 
arc  in  part  iit  least,  as  they  exist  in  the  plasma,  in  corabiimtion  with 
phoepholipins  and  possibly  with  cholesterol.    The  plasma  is  generally 
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colored  a  light  yellow,  although  in  carnivorous  animals  it  is  at  times 
almost  colorless.  The  coloring  matter  in  herbivorous  animals  is  in  part 
carrotin  and  is  derived  from,  green  fodder,  but  in  part  it  is  due  to 
urobilin.  Plasma  Uhs  a  ri;action  alkaline  to  litmus,  but  acid  to  phenol- 
phtholcin,  so  that  il£  hydrogen  ion  vouucntration  is  about  2X11^ 
normal.  It  contains  both  carbonates  ond  phosphates  as  well  as  chlorides. 
The  greater  part  of  the  salt  is  sodium  chloride. 

With  this  brief  statement  of  the  structure  and  general  composition 
of  tlie  blood  we  may  proceed  to  discuss  its  functions. 

I.  The  blood  as  a  carrier  of  food  from  the  intestine  to  the  tissues. 
— The  blood  is  to  curry  to  the  Ujssucs  the  digested  and  absorbed  foods. 
Water  and  salta;  omino-acids  and  ammonia  formed  from  the  digestion 
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of  tlie  prot«inB ;  glu«<ie«  and  levulose  from  the  digestion  of  carbo1iydnt«c  j] 
fats  which  have  been  split  and  then  re^yDthesized  dnring  the  process 
of  absorption ;  all  of  these  most  find  their  way  into  the  hlood  in  order 
that  they  maj-  he  distributed  to  the  tissues  whieh  need  them.  And  all 
of  them  are  to  be  found  in  t)ie  blood.  Some  hours  after  the  ingestioD 
of  a  fatty  meal  the  blood  contains  so  much  of  finely  divided  fat  that 
the  plonnia  may  have  a  milky  appearance  and  t>e  no  longer  clear  as  it  is 


Pto.  49.— McOoljiaa  had  ron  a*M  appMntn*  tta  vtvlnlttrtuloB.  The  binod  wttn  cad 
iMTfl*  at  <■  »aa  c.  Maalnc  ttronck  cMlodlon  tabm  lotloMd  in  the  UllTDKlnD  liicl«t.  Itr 
nldos  or  lowcilcif;  t,  prcaaan  li  lacrMMl  or  dlnlotahcd  on  tb«  oataldo  of  loc  dlffudoa 
tabm. 

in  lasting  animals.  There  may  "be  so  much  fat  present  that  it  will  rise 
on  Uic  serum  separated  fi'om  the  defibriuatod  blood  like  so  mudi  cream. 
The  amount  of  fat  and  fatly  acid  In  tlic  blood  sorum  is  normally  0.1-0.8 
per  cent.,  but  after  a  fatty  meal  it  may  be  from  0.6-1  per  cent 

Dextrose  is  always  present  in  blood  in  ver^'ing  amounts.  Normally 
the  Mood  contains  about  0.08  per  cent,  of  de.\tro8o,  but  it  may  in  health 
rise  to  0.15-0.2  per  cent.;  and  in  venous  blood  it  may  fall  to  0.06  perj 
cent.  The  dextrose  is  for  the  greater  part  in  solution  in  the  blood  pi 
in  a  dialyzable  form.  It  may  be  dialyzed  out  of  the  blood  by  the  method 
known  as  i-i\-i -diffusion  and,  since  this  method  is  of  the  greatest  impoi 
tance  in  the  invesiigation  of  the  componition  of  the  blood,  it  will  be  wc 
to  describe  it  at  this  point. 

Vividiffusion  method.    The  gist  of  the  method  consists  in  sending' 
the  blood  from  an  artery  through  a  collodion  tube  which  is  surrounded 
with  physiological  salt  solution.    Substanct^s  whicli  are  dilTuHible  through 
collodion  tubes  will  pass  from  the  blood  into  the  outer  liquid  and  acei 
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lie  there  until  the  eoncentratioii  in  tlie  dialTzate  is  the  same  as  tiut 
in  the  blood.  After  passing  tbroagh  the  dialyzer,  tlie  blood  retoma  to 
a  rein.  The  dialjzer  is  tiiua  a  kind  of  artificial  organ  of  excretion.  The 
apparatus  as  described  b/  Abel  is  shown  In  Figure  44.  In  tiiia 
apparatus  it  is  necessao'  to  aild  hirudin  or  some  other  anlicoagiilont  to 
tlte  blood  to  prevent  clotting.  This  introdoced  an  dement  of  CKonplica- 
tka  in  the  intfrpretation  of  the  rceolts.  The  apparatus  has  been  sim- 
ptifled  and  improved  by  McGuiean  and  von  Hess,  as  shown  in  Figure  45. 
B7  avoiding  all  roughness  in  the  glass  and  hj  keeping  up  a  pulsation  in 
tlie.dial7zer  they  were  able  to  prevent  the  blood  from  clotting  withoot 
the  use  of  any  anticoagulant  and  greatly  to  hasten  dialysis.  The  reeults 
obtained  by  the  use  of  this  method  are  very  interesting,  and  the  diffusion 
of  dextrose  is  itlostrated  in  the  accompanying  table  (McGuigan  and  too 
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iDtalTtii* 

Pn  MBt.  ««■»  <a 

aiMkiSluDwd 

numm 

DMjMla 

nHMB.0 

DUrMt«B«0 

Uonhlac 

3.0.  hra. 
G.0    - 
6.0    " 
4.6    - 
5.0    " 
2  0     " 
9.5    - 
4.5     " 
1.0     " 

0.135 
0.1ZS 

O.A<» 

aoes 

0.079 
0.151 
0.103 
0.IS9 
0.157 

0.139 

0.000 
a087 
0J09i 

o.ies 

0.1S9 
0.173 

0.U7 
0.1S9 
0.0H 
OJM 

o.oeo 

OitH 

0.107 

0.170 

0.141 

UaffMiie 

a  136 

0100 

<!fh^    , 

0089 

IforpltiM  sad  ether 

0.083 

o.ioa 

L'Kthaae  asd  cUwr 
I'nthftac  uuj  etber 
URthKBe  Mad  tihtt 

0.177 
0.1TI 
0.17S 

It  is  clear  from  the  foregoing  results  that  the  sugar  in  the  circulating 
blood  is  practirslh'  altogether  in  solution  in  the  plasma  and  is  not  in 
union  with  a  colloid,  as  had  been  suggested.  In  rabbits  some  glucose 
ia  foond.  also,  in  red  cells  {J0o-J2  per  cent.),  ilaltose  also  baa  been 
fotmd  in  the  blood  plasma;  and  at  times,  during  lactation  or  at  the  end 
of  pregnancy,  lactose  in  small  amounts  may  be  found  there.  It  is  sur- 
prising that  the  amount  of  dextrose  in  the  blood  does  not  increase  more 
than  it  does  during  the  absorption  of  a  large  amount  of  the  products  of 
starch  digestion  from  the  intestine.  The  reason  is,  probably,  that  the 
tissnea  take  the  dextrose  out  of  the  blood  as  rapidly  as  it  enters,  so  that 
it  does  not  accumulate  in  the  blood.  Liver  and  raosdee  bare  the  power 
of  storing  a  large  amount  of  glucose  as  glycogen. 

Water  and  salts  are  taken  up  by  the  blood  from  the  intestine  at  a 
Tery  rapid  rate,  but  as  the  kidneys  have  the  function  of  keeping  the 
osmotic  pr««8are  of  the  blood  approximately  constant,  when  the  tissues 
have  taken  oat  what  they  need  any  excess  is  rapidly  eliminated  in  the 
urine.    Nevertheless,  foreign  salts  or  the  salta  taken  with  the  food  can 
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be  shown  to  be  present  in  blood.    Thoy  are  tor  tha  most  part  in  solution 
in  the  plasma. 

Th«  end  produeU  of  protein  digestion  are  aUo  fouud  in  Ibe  blood, 
but  in  very  stnall  amounts.  After  tlie  iiijeetiou  of  glycocoll  into  a  loop 
of  the  iutf-'stine  of  a  cat,  tbere  is  mi  iaercaac  iu  tlic  uou-proteio  mtn^i;en, 
oUier  tJiau  urea  and  ammonia,  in  the  blood  <Kolin  and  Denis).  A 
solution  of  giycocoll  was  injected  into  tlic  Uf^ated  small  intestine  of  a  wt 
whieb  had  been  fed  24  hoars  previously.  The  amount  of  non-protein 
nitrogen  in  tbe  meseuterio  and  carotid  blood  before  and  after  the  injec- 
tion was  as  follows: 


Total  non-proliiiii  N  in  100  c.c.  portal  blood  befon  injeotion   . .     30  mn, 
"      ■*    '■     meseuteric  rdti  W  minutes  after 

injeotion     M    " 

*•                 "             "      *•    "     MTotid  blooj  befgre  Injection    .     30    " 
-                  »              •"       "     «          "            "        fltiiinul«a  lifter  in- 
jection      34     " 

"  ■•  "       ■■     •'     cwrotiil  bloiHl   45   minutes   afUr 

injL'ctioti 67     " 

•*  "  ....  grmii*  miiiinN'  before  inJMtion   , .  iifiO     " 

"  "  "       "  at  end  of  cxMri- 

mwit   54«     " 

"       tJwa  W  "       '•  graraB  muscl.-  boforo  injenUon  - .     87     " 

•*  "  "      "  ■'         '■        lit  finl  ol  ucpvri- 

ment 37    " 

While  the  presence  of  amino-acids  in  the  blood  waa  made  protvablc  by 
tliese  obsei'vations,  by  the  discovery  of  tbeir  proscDec  in  invertebrate 
blood,  and  by  the  presence  of  these  acids  in  tbe  urine,  tbeir  actual  isola- 
tion from  vertebrate  blood  has  only  rceenlly  been  aoeomplished.  They 
are  present  in  very  small  amounts.  A  very  targe  amount  of  blood  was 
received  from  tlie  slaughter-house  (Abderhalden)  and  each  liter  poured 
into  15  liters  of  boiling  water.  After  15  minutes'  bolting,  1  per  cent, 
acetic  acid  waa  added,  little  by  little,  until  Ibe  coagulation  was  complete 
and  the  solution  became  elear.  It  was  filtered,  the  filtrate  eoacentrated, 
and  by  tlie  use  of  mercuric  acetate  and  sodium  carbonate  the  amino-aeids 
precipitated.  The  precipitate  contained  proline,  leucine,  valine,  alanine, 
glycoeoll,  aapartic  aeid,  glutamiuic  aeid,  tryptophane,  lysine,  argioino 
and  histidine.  There  is  no  doubt,  therefore,  that  the  amino-aeids  in 
extremely  small  amounts  arc  to  lie  fouud  in  solution  in  tlie  blood  plasma. 
Their  presence  may  also  be  shown  in  the  blood  plasma  by  tbe  vivi- 
diffusion  method.  They  are  diffused  out  of  the  eirciilating  blood  and 
may  be  detected  in  tbe  dialyzato  by  the  ninbydriti  reaction  and  in 
other  ways. 

In  tlie  blood  of  a  fastinft  dog  Van  Slylce  and  Meyer  found  in  the 
femoral  artery  blood  4.4  mgs.  of  amino  N  per  100  c.c.  blood  ;  in  the  carotid 
arterj-  5.4-3.1  mgs.,  and  in  the  mesenteric  veins  3.9  mgs.  per  100  c.c. 
blood. 
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While  a  very  large  amount  of  protein  may  Le  atjsorbed  in  the  form 
of  amiuo-aoids  by  the  blood,  it  is  so  rapidly  removed  tlicrefrooi  by  the 
tifisuus,  or  metabolized  by  the  blood  itself,  that  there  is  Tery  little 
acciuuulutiou.  but  still  llicrv  is  douic.  From  the  figkurs  juat  quoted  from 
Koli»  and  Denis  it  appt^aiii  that  auiiuo-acida  aveumulate  to  Bome  extent 
iu  the  musulcs  after  protein  ingestion.  The  possibility  exists  that  the 
amino-aoids  taken  iuto  the  blood  are  Itx  part  syuthusizud  into  the  proteins 
of  this  tissue,  and  by  ibe  dige»tiou  of  Ihe&u  proLeiuK  again  set  free 
(Nelf)  ;  so  that  the  auiiuo-acids  found  in  the  blood  need  not  be  those 
immediately  n-absorbcd  from  Uiu  iiiu-stine.  There  in  no  good  evidence, 
however,  for  any  eouKiderablu  transformation  into  blood  prott^ns  as  an 
iutt;rmcdiar>'  step. 

2.  The  blood  as  the  carrier  oE  oxygen  from  the  lungs  to  the 
tissues. — a.  The  atnoiitit  of  diffenni  gases  in  the  blood.  Venous  blood 
as  it  leaves  the  tissues  is  purple  in  color.  It  returns  to  the  right  ^de 
of  the  heart  and  is  driveu  through  the  pulmonary  artery  to  the  lungs. 
1l  there  ehituges  its  color  U)  a  bright  suarlet,  and  this  scarlet,  arterial 
bl<KKl  is  pumped  by  the  heart  to  the  tissues.  Tlii;  change  in  color  of 
the  blood  in  pustung  through  the  luuga  is  due  to  the  fact  that  in  these 
organs  it  lakei>  on  usygt-u  and  loses  carbon  dioxide,  so  that  arterial  blootl 
contains  more  oxygen  and  less  carbon  dioxide  than  Tcnous;  while  in 
the  tissues  it  loses  oxygen  and  picks  up  earbon  dioxide.  The  blood  is 
then  eouslaacly  earryiug  oxygen  from  the  lungs  to  the  tissues  and  carbon 
dioxide  from  the  tissues  to  the  lungs. 

That  arterial  blood  contains  more  oxygen  and  less  carbon  dioxide  than 
venous  blood  may  be  shown  by  exposing  tlie  blood  to  a  vacuum.  The 
gases  are  given  up  to  a  vacuum  and  may  be  collected  and  examined.  The 
blood  yiehls  all  its  o.\ygeu  to  a  vacuum  and  nearly  all  the  carbon  dioxide, 
but  to  get  the  last  traces  of  earbon  dioxide  it  is  necessary  to  add  to 
the  blood  some  acid.  This  la.sl  portion  is  some  of  that  eombined  as 
earhonato.  In  this  and  other  wnys  it  has  been  found  that  100  c.c.  of 
a%'erag«  human  blood  is  able,  if  fully  saturated,  to  lake  up  from  air  or 
to  give  oif  to  a  vacuum  between  IS  and  19  c.c.  of  ox>-gen  measured  at 
0*  and  760  mm.  pres.sure.  Since  arterial  blood  is  usually  only  96  per 
fciit.  saturated,  the  actual  amount  of  ©.tygen  recovered  from  blood  under 
usual  eonditJous  is  a  little  over  18  c.c.  0,  from  100  c.c.  of  blood.  Venous 
blood  yields  generally  about  twotliirds  as  much  oxygen  as  arterial,  so 
that  blood  returns  lo  the  heart  with  about  12  per  cent,  by  volume  of 
oxygen  still  in  it.  In  passing  through  the  lungs  6  volumes  per  cent,  of 
oxygen  is  restored  to  it. 

The  amount  of  carbon  dioxide  which  can  be  pumped  out  of  hlooil 
after  Uio  addition  of  acid,  that  is  tlie  total  carbon  dioxide,  is  about 
40  C.C.  from  100  c.c.  of  arterial  human  blood  and  abont  4S  c.e.  from 
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venous  Haman  blood.    So  that  about  fi  volumes  per  cent,  is  lost  in  passing 
the  lungs. 

The  composition  of  cat's  blood  gases  have  been  recently  determined 
by  Buckmastcr  and  Oardncr  as  follows,  the  oxygen  capacity  being  some- 
what less  than  that  of  humans : 
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Besides  carbtm  dioxide  and  oxygen,  blood  also  contains  small  quan- 
tities of  nitrogen.  Nitrogen  L-unipoKUH  about  four-firtlts  of  the  atmos- 
phere. It  is  taken  up  by  tlie  blood  in  the  lungs  and  exists  in  solution  in 
alt  the  tissues  and  fluids  of  the  body.  The  amount  of  nitrogen  gas  given 
off  by  animals  appears  to  be  sHglitly  grcaU-r  than  tliat  inhaled,  which 
would  indicate  the  production  of  a  small  amount  of  gaseous  nitrogen  in 
the  metabolism  of  the  body.  Tliis  result  is  not  accepted  by  most  observ- 
ers, but  it  seems  not  uiUikely,  since  by  the  action  of  bacteria  in  the 
alimentary  tract  nitrates  are  reduced  to  nitrites,  some  nitrites  are  con- 
stantly taken  in  tlie  food  and  ammonium  nitrite  dcuomposcs  spontane- 
ously,  setting  free  nitrogen  gas.  The  amount  of  nitrogen  so  formed  is, 
however,  very  small.  Nitrogen  is  very  inert  and  exists  simply  in  solu- 
tion in  the  blood. 

The  amount  of  nitrogen  taken  up  by  the  blood  will  depend  on  the 
pressure  of  nitrogen  in  the  lungs.  The  amount  absorbed  is  considerable 
in  mea  working  under  compressed  air  in  caissons,  and  as  this  nitrogen 
is  relea-sed  as  a  pas  when  the  compression  is  suddouly  removed  it  may 
ooUect  as  bubbles  of  gas  in  ttie  blood  vessels  and  by  forming  gas  emboli 
be  one  of  the  caasfs  of  caisson  disease.  The  amount  of  nitrogen  lu  the 
blood  of  dogs,  arterial  and  venous.  For  there  is  no  difTcrcnee  usually 
between  the  amount  in  arterial  and  venous  blocxl,  was  determined  by 
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100  C.C.  of  blood.  Recent  detcrmmationa 
blood  oi  cats  shows  only  1.06  ex.  per  100  c.c.  of  blood.  Tbe  air  in  the 
lungs,  alveolar  air,  contains  about  83.67  per  cent,  by  volume  of  nitrogeiu 
If  Uus  njtrugeii  pressure  is  reduced,  tiie  blood  will  lose  K  iu  passing  the 
lungs  and  the  venous  blood  may  temporarily  have  more  nitrogen  than 
the  arterial  blood,  due  to  the  washing  out  of  nitrogen  from  the  tissues 
of  the  body.  Nitrogen  dissolves  readily  in  fat,  aud  at  normal  tempera* 
tures  fut  dissolv<s  at  least  tivc  times  as  much  nitrogen  as  blood.  The 
nitrogen  in  the  blood  and  tissues  is  inert  and  probably  plays  no  part 
in  metabolism. 

The  amount  of  oxygen  simply  dissolved  in  the  blood  is  small.  It 
may  be  directly  determined  for  the  plasma  aud  serum,  hut  for  the  whole 
blood  it  is  deturtnined  Indirectly  by  finding  the  solubility  of  some  inert 
gas  like  hydrogen,  wliicli  does  not  combine  with  the  blood  corpuscles, 
and  then  multiplying  the  result  thus  found  with  the  ratio  of  the  solu- 
bility in  water  of  hydrogen  to  that  of  oxygen. 

The  solubility  of  oxygen  in  ox  scrum  at  29.7'  is  2.47  per  oMit.  by 
Tolome  {0',  760  mm.)  or  94  per  cent,  that  of  its  solubility  in  water. 
The  solubility  of  hydrogen  in  ox  sertun  is  1.56  per  cent,  by  volume,  or 
95.5  per  cent,  of  its  solubility  in  water. 

The  difference  in  solubility  of  these  gases  in  water  and  serum  is  due 
to  the  salts  in  the  serum.  A  salt  solution  dissolves  always  less  gas  than 
an  equal  volume  of  water.  Indeed,  by  the  addition  of  salt,  giwcs  can 
be  salted  out  of  their  solutions  just  as  the  proteins  can  be.  Horse  plasma 
dissolved  94  per  cent,  of  the  oxygen  dissolved  by  an  equal  volume  of 
water.  The  whole  blood  dissolved  91  per  cent,  as  much  hydrogen  as  an 
equal  volume  of  water.  The  difterence  is  due  in  part  to  the  salts 
aud  in  part  to  the  volume  of  the  dissolved  protein  and  the  solid 
matter  of  the  corpuscles.  It  is  evident,  since  the  corpuscles  malce 
an  a  rule  about  40  per  cent,  by  volume  of  the  blood,  that  hydrogen 
must  dissolve  in  the  water  of  the  corpuscles  as  well  as  in  the  blood 
plasma. 

b.  How  are  the  gtues  carried  in  the  hloodt  Oxygen,  Human  arte- 
rial blood  contains  in  100  c.c.  such  an  amount  of  gas  that  it  will  yield 
to  a  vacuum  18-19  c.c.  of  oxygen,  40  c.c.  of  carbon  dioxide  and  about 
1  cc  of  nitrogen,  argon  and  oUier  gases,  all  of  these  measured  at  0* 
and  760  mm.  presHiire.  Such  an  amount  of  gas  is  va.<itly  more  than  can 
be  dissolved  in  100  c.c.  of  water,  or  in  100  c.c.  of  blood  pla-sma.  100  c.c. 
of  water  at  body  temperature  and  the  usual  pressure  of  oxygen,  that  is 
a  pressure  of  about  one-fifth  of  an  atmosphere,  will  absorb  only  0.4  c.c. 
of  oxygen,  and  scrum  will  absorb  about  94  per  cent,  of  this  amount 
It  is  clear  that  oxygen  must  ho  combined  chemically  or  physically  with 
something  in  the  blood  so  that  Its  solubility  is  inereased.     It  Is,  as  a 
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matter  of  fact,  in  greater  part  in  union  wltb  the  red  coloring  matter  ol 
the  blood,  hemoglobin,  with  which  it  forms  o^tyheiuogiubiu. 

Carbon  dioxidi.  Similarly  IW  c.c.  of  water  wiU  absorb  of  carboDic 
auhydridi-  at  tbu  temperature  of  the  body  and  under  the  pressure  of  one- 
tvntb  to  oue-twelCth  of  an  atmosphere,  which  is  the  pressure  of  COj  in 
the  tissues,  only  about  10  c.e.  Carboa  dioxide  is  in  part  i-ombined  with 
the  proteins  of  the  blood  plasma,  and  iu  part  it  is  present  in  Uia  plasma 
as  the  carbonate  aud  bit^^atbouatu  of  soda.  There  is  in  tliu  blood  plasma 
cLiM>dium  hydrogen  phosphate  aud  sodium  enrbouutt;.  When  uai'bon 
dioxide  comes  into  a  solution  of  llicse  salta,  it  combines  wltli  some  of  the 
fiodium  to  make  biearbonatc  of  sodiam  and  is  carried  in  the  blood  in 
laxg^  measure  in  this  form.  The  proteins,  such  as  the  globulins,  are 
also  prescut  iu  the  blood  as  sodium  sails.  This  sodium  is  removed  from 
the  globulin  by  the  carbon  dioxide.  The  corpuscles,  too,  act  in  the 
same  miiuner  us  the  globulins.  They  have  sodium  and  potfuuiium  iu  them 
iu  organic  union,  and  when  carbon  dioxide  is  given  to  the  blood  in  tlie 
capillaries  as  it  passes  through  the  tissues,  some  alkali  leaves  the  cor> 
puscles  to  saturate  the  carbon  dioxide  so  that  the  plasma  has  its  total 
alkali  increased  by  the  action  of  carbouic  acid,  since  the  carbonates  and 
bicarbouates  have  an  alkaline  reaction,  or  at  any  rate  are  titratable  like 
alkalies.  These  various  reactions  by  wliich  the  carbonates  are  formed 
may  be  written  as  follows: 

Nn  HPO  +  CO  +  H  0  =  XbH  PO^  4.N«HC0 
K«  00   +  CO^  +  U  O  =  2NaHC0 

N«   leeltblnate,   £{4*^  In   tii«   blood   oorpiiHclm  4-C0^-(-H^0=IfftBC0|.f  Orj[»iiic 

conipoundi  Jti  a  more  add  Btatc 

All  these  chants  l-akc  place  when  the  blood  is  passing  through  the 
capillaries  in  the  tissues.  By  this  means  it  will  be  seen  (hat  the  acidity 
of  the  corpaacles  of  the  blood  is  increased,  since  they  have  tost  alkali, 
Na  and  K,  to  carbonic  acid.  The  result  of  this  iuorease  of  acidity  is  that 
the  power  of  the  hemoglobin  iu  ihc  corpuscles  to  take  up  oxygen  Is 
greatly  reduced,  as  we  shall  see  presently,  and  the  eutranee  of  earboaic 
anhydride  into  the  blood  thus  helps  to  turn  the  o.\yecn  out  of  the  blood 
and  into  the  tissues.  This  factor  is  of  pn-at  im|)(»rtan<:e  iu  eold-bloodcd 
animalB  where  the  affinity  of  hemoglobin  for  oxygcu  is  so  great,  owing 
to  Uic  low  temperature,  that  tlie  pressure  of  the  oxygen  in  the  capil- 
laries would  be  amall.  In  the  lungs,  on  the  other  hand,  the  opposite 
change  takes  place.  With  the  passage  of  carbou  dioxide  outward  alkali 
is  Bet  frc©  again,  is  taknn  up  by  the  wirpusclos  of  the  blood  aud  their 
affinity  for  oxygen  is  so  increased  thereby  that  (he  blood  saluraics  itself 
with  oxygen  very  quickly  in  its  passage  through  the  hmgs.  This  change 
b  aauxiatcd  with  a  change  of  volume  of  the  corpuscles.    The  volume  in 


Tcnoos  Wood  is  larger  than  in  arterial  blood.    Water  passes  into  and 

out  of  the  corpuscles. 

Carbon  dioxide  is  probobly  also  carried  in  the  blood  in  union  with 

the  proteins.  When  carbonic  anhydride  enters  a.  solution  of  a  protein 
H  whieh  has  free  amino  (groups,  tbc  acid  unites  with  these  groups  to  make 
H  carbauiino  compounds  {oarbamino  reaction  of  Siegfried).  This  reaction 
H     ia  llio  following: 


MH. 


NH— COOH 


,-i. 


=  11— CH 


+  H0 


R-CH  +  H^CO^: 

COOK  coon 

Co-rbuBiino  compound 
of  the  protein. 


PmU-in. 


TheM  compounds  arc  difumeinhle  and  Ihc  cArbonie  actd  is  easily 
recoTcred  from  this  union.  In  all  those  ways,  then,  is  the  carbon  dioxide 
parried  back  to  the  InnRs.  For  the  moat  part  it  is  in  solutior  in  the 
plasma  a«  carbonate,  hiearbonato  and  protein  compound,  but  some  of 
it  also  ia  united  with  t\m  eurpuNcb's,  prcKiiniably  with  the  proleius  of 
these  structures  (hemoglobin I.  A  part  tif  the  c-arbim  dioxide  is  dis- 
solved as  such  in  the  blood.  All  thew>  forms  of  carbon  dioxide  are  In 
equilibrium  with  each  ofher  and  with  fn-c;  carbniti*;  anhydride,  so  that 
if  the  latter  csi-apes  more  i«  »ct  fr(;o  to  tid(c  its  place,  being  dissociated 
from  some  of  these  unstable  compounds.  In  the  tissues  the  pressure  of 
earbon  dio;cido  is  higher,  !l  per  cent,  of  an  atmosphere,  than  in  the 
blood,  80  that  eafbonic  anhydride  enters  the  blood  until  it  is  under 
equilibrium  with  this  pressure  of  Iho  gas.  But  when  the  blood  roaehcs 
the  lungs  the  pressure  of  carbon  dioxide  in  the  air  in  the  tunirs  ia  low 
and  carbon  dioxiflc  escapes  from  its  solution  and  into  the  alvi^lar  air. 
As  soon  as  some  of  it  eacapca,  more  is  set  free  from  ils  union  with 
alkali  and  protein  in  thti  blood.  The  pressure  of  cartmn  dioxide  in  the 
alveolar  air  in  the  luugn  is  about  5-6  per  cent,  of  an  atmosphere,  whereas 
in  the  blood  or  it  leaves  the  tissues  it  is  about  8-10  per  cent.  Conse- 
quently in  passing  the  1iiiig«  carbon  dioxido  is  given  up.  The  equilib- 
rium may  be  represented  as  follows: 

.TUauca  CO^=:I0%  of  an  ttmoephcre  prcMurc.    AIvooIrf  air  of  longa  CO^^ 

S-9%   fttmoBphere. 

1,   cOj-f-H^o:;;i^H^co^ 

«.    HjO0j|4.Na.^CO^;r^!!N«HO0^ 
8.    n^CO,  +  NajnPO^^^rKitCUO^.f  NaHjPO^ 
4.    HjCO^-f  NaProli-lnati?:::irXaHCO^-J-U  proU'inatn. 
1.    H^CO^  -1-  Pfotuia'T'^l'ra  trill  COOH  ^  H^O 
Carbamtno  oftiopoiinii. 
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The  roBctions  go  in  Die  right-hand  direction  in  the  tissues  and  in  the 
left-hand  direction  in  the  lungs.  Since  the  rorpuseles  and  proteins  have 
the  power  of  combining  willi  Uie  sodium  hydrate  get  free  when  tlie  car- 
bonic ftiihydridc  escapes  in  the  lungs,  they  act  as  acids.  It  is  for  tliis 
rt'iuson  Ihut  it  is  possible  to  pump  nearly  the  whole  of  the  carbon  dioxide 
out  of  blood  by  means  of  a  vacuum,  whereas  it  is  not  possible  to  pump 
carbon  dioxide  to  the  same  extent  from  a  solution  of  sodium  bicarbonate. 
From  a  solution  of  bicarbonate  of  sodium  one  can  pump  the  carlK>n 
dioxide  until  sodium  earbouale  is  formed.  Thereiifter  the  decomposi- 
tion is  almost  inuQeamirably  slow.  A  change  occurs  in  the  volume  of 
the  corpuscles  when  CO,  enters  Ihem.  They  swell.  This  cfaange  is  very 
sigDiBcunt,  since  It  shows  bow  small  a  change  in  acidity  is  required  to 
caoae  swelling  changes  in  vital  structures.  It  is  possible  that  it  is  the 
same  process  which  is  at  the  bottom  of  the  contraction  of  muscle,  as  we 
shall  later  see.  It  is  besides  a  true  process  of  secretion  of  water  into 
and  out  of  the  corpuscle,  and  is  also  a  rhythmic  process.  When  CO^ 
increases  in  the  corpuscle  water  enters  it ;  when  CO,  is  diministie<l  water 
leaves,  the  sodium  ion  re-enters  and  the  corpuscle  shrinks.  There  is  an 
exchange  of  sodium  ion.s  and  hydrogen  ions  back  and  fortli  between  the 
corpuscle  and  the  plasma. 

c.  The  mcchanisni  of  the  entrance  of  orygen  into  the  blood  and  ihe 
passage  of  CO^  outword.  The  exckcnge  in  the  lun^s.  "Wc  may  now  ask 
the  question  of  the  manner  in  which  oxygen  passes  through  the  alveolar 
membrane  into  the  blood.  Is  it  by  a  simple  physical  pro«?eas  of  diffusion, 
or  is  it  by  the  active  secretion  of  the  lung  tissue;  or  do  ^oth  those 
processes  occur  t 

The  answer  to  this  question,  so  important  in  medicine,  cannot  yet 
be  given  with  eertainty. 

The  walls  of  llie  alveoli  of  the  lungs  are  extremely  thin.  They  arc 
composed  of  Qattened  plates.  There  is  no  doubt  that  in  Uie  lower  forms, 
such  as  the  amphibia,  these  plates  are  true  cells  and  composed  of  living 
tissue;  but  there  is  a  difference  of  opinion  whether  the  plates  in  the 
mammalia  arc  living  or  dead,  and  whether  or  not  they  have  nuclei. 
Besides  the  very  thin  layer  of  alveolar  plates,  the  gaaea  must  pass  also 
the  endothelium  of  the  capillaries,  which  is  also  very  thin,  but  certainly 
alive.  The  oxygen  might  enter  either  by  diflFusion,  or  one  or  both  of 
these  membranes  might  intervene  actively  in  the  process.  If  they  do 
80  intervene,  they  would  probably  be  controlled  by  the  ncni'OUS  system. 

The  solution  of  this  question  of  the  method  of  entrance  of  the  oxygen 
was  approached  in  the  following  form:  if  the  pressure  of  oxygen  in  the 
arterial  blood  as  it  eomes  from  the  lung  is  always  lower  than  the  pres- 
sure of  oxygen  in  the  alveolar  air,  then  the  process  is  probably  one  of 
diffusion  and  the  membranes  presumably  do  not  actively  intervene  in 
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f,  however,  the  pressure  of  oxygen  in  the  blood  is  ever  higher  Ihan 
that  of  the  alveolar  air,  then  the  eichange  cannot  be  a  simple  pliysicul 
process  of  difFusioD.  The  first  requisite  for  the  solution  of  this  problem 
was  to  find  a  method  of  estimating  the  oxygen  teusioo  oC  the  blood  in 
the  arteries  and  of  the  air  in  the  alvccli. 

This  tenaian  is  measured  in  two  ways,  a  direct  and  an  indirect.  The 
direct  method  has  been  most  frequently  employed.  The  nfirotonometor 
iH  an  instrument  designed  for  this  purpose.  The  essential  principle  of 
the  aerotonometer  is  the  following:  The  blood  is  introduced  dirc«lly  from 
the  blood  vessels  into  an  atmosphere  of  nitrogen,  carbon  dioxide  and 
oxygen  and  allowed  to  remain  in  contai't  with  the  gas  in  a  thin  layer  so 
that  equilibrium  is  attained.    The  gaa  is  then  analyzed. 

The  principle  of  the  method  used  by  Krogh  is  to  shake  a  small  air 
bubble  in  a  very  small  amount  of  the  blood  to  be  examiiicd.  As  little 
as  1  C.C.  blood  may  be  used.  The  gases  in  the  air  bubble  come  quiekly 
into  equilibrum  with  those  of  the  blood.  The  amount  of  oxygen  is  meas- 
ured by  the  decrease  in  volume  when  the  oxygen  is  absorbed  by  alkaline 
pyrogaltate  or  some  other  oxygen-absorbing  fluid,  such  as  acid  hypo- 
sulphite. 

All  measurements  which  were  made  with  this  inatmment  resulted 
uniformly  in  showing  that  the  pressure  of  oxygen  in  the  alveoli  was 
slightly  greater  than  the  pressure  in  the  arterial  blood. 

The  matter  thus  seemed  settled.,  but  in  1890  Bohr '  got  the  first  defi- 
nite evidence  that  the  process  was  not  one  of  simple  difTusion.  He 
observed  in  a  few  cases  that  IJie  oxygen  pressure  in  Ihe  arteries  was 
higher  than  that  in  the  alveoli.  His  results  obtained  by  the  aerotonom- 
eter  method  were  so  irregular  as  to  suggest  errors  of  manipulation  and 
they  have  been  seriously  criticised  by  Krogh  and  by  Haldane  and  Dong- 
las.  The  aerotoncmeter  is  very  sensitive  to  a  change  of  temperature,  and 
an  accidental  variation  in  this  might  have  accounted  for  his  results. 
Moreover,  in  one  or  two  cases,  as  lialdane  and  Douglas  point  out,  tlie 
results  are  so  improbable  as  to  indicate  error  very  plainly.  In  spite 
of  these  defecta,  Bohr's  paper  served  the  end  of  reopening  the  ques- 
tion. The  possibility  of  a  definite  secretion  of  oxygen  by  the  lungs  also 
gained  in  probability  by  the  discover)'  of  the  high  oxygeu  content  of  Uie 
air  bladder  of  fishes,  the  organ  from  which  the  lungs  were  evolved.  In 
1907  Bohr  afforded  other  evidence  of  the  secretory  activity  of  the  lungs. 
He  found  that  when  pure  air  was  breathed  by  one  lung  and  air  con- 
taining 8.8  per  cent,  by  volume  of  CO,  by  the  other,  COi  was  still  given 
off  from  the  lung  breatliing  the  CO,  mixture,  although  the  pres-sure  of 
CO,  in  the  venous  blood  from  the  right  side  of  the  heart  was  that  of  an 
atmosphere  containing  only  5  per  cent,  by  volume. 

'  Bohrs  friban.  Anhiv.  f.  Pht/eiot^  S,  ISDO,  p.  2S& 
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Ifc  will  be  noticed  tlittt  the  prcssare  of  CO,  was  determined  in  (lie 
heart  blood,  and  the  prcsflnre  in  the  Itiugs  was  supposed  to  be  equal  to 
this.    However  probable  ibis  assumption  is,  it  weakens  the  proof. 

Recently  Ilaldune  and  Smith  also  got  some  evidence  of  the  existence 
of  a  secretory  activity  of  the  lungs,  but  their  work  contained  so  many 
BBSumptions  and  potKiibilities  of  errors  of  fact  and  interpretation  that 
not  much  weight  can  be  given  it.  A  more  recent  paper  will  be  con- 
sidered presently. 

Krogh '  has  recently  re-examined  the  whole  ([uestion.  He  and  Mm. 
Krogh  measured  with  great  care  by  means  of  the  miero-aerotonometcr 
the  pressures  of  oxygen  and  CO,  hi  the  lungs  and  the  arterial  blood. 
They  found  always  that  the  pressures  of  CO,  in  the  arteries  and  in  the 
alveolar  air  were  equal,  the  result  which  the  diffusion  theory  demands. 
The  oxygen  pressure  in  arterial  blood  was  always  sliRhtly  less  than  the 
pressure  in  the  alveoli,  a  result  also  in  accord  with  the  difTusion  theory. 
These  experiments  give  no  evidence  of  a  seeretory  aetivily  on  tlie  part 
of  the  long. 

The  matter  is  not  yet  settled,  however,  for  Douglas  and  Haldane' 
have  made  a  very  complete  study  of  tlie  matter  recently  and  obtained 
very  interesting  results. 

Their  method  of  measuring  the  nrlerinl  oxygen  pressure  was  an 
indirect  one.  It  consisted  in  partially  saturating  the  blood  with  CO 
gas.  When  blood  or  hemoglobin  is  exposed  to  a  mixture  of  O,  and  CO, 
the  hemoglobin  takes  up  some  of  each  and  the  relative  amount  depends 
on  the  partial  pressures  of  the  two  gases.  But  always  far  more  CO  than 
0,  is  held  by  the  iicmoglobiu  at  the  same  pressures.  If  a  person  is 
made  to  breathe  air  containing  a  small  per  cent  of  CO,  the  blood  ulti- 
mately, after  30  minutes  about,  has  taken  up  all  the  CO  it  will.  If  now 
the  per  cent,  of  saturation  of  the  Hb  by  CO  can  bo  deterTnined,  then  the 
amount  of  oxygon  in  the  arterial  blood  can  also  be  detprmined,  since 
from  the  per  cent,  of  saturation  of  hemoglobin  by  carbon  monoxide  the 
tension  of  oxygen  necessary  lo  prevent  total  satii ration  by  carhon 
monoxide  and  to  permit  only  the  per  cent,  of  saturation  actually 
observed  can  be  calculated.  This  calculated  oxygen  tension  is  assumed 
to  be  present  in  the  blood.  To  determine  the  per  cent,  of  saturation  of 
the  Hb  by  CO  a  sample  of  the  blood  is  drawn  and  its  tint,  when  diluted, 
is  compared  with  a  carmine  solution  which  ha-s  previously  been  standard- 
iwd  against  completely  carbon  monoxide  saturated  blood.  From  the 
amount  of  dilution  of  the  carmine  solution  the  per  cent,  of  saturation  of 
the  Hb  can  he  calculated.  Column  3,  and  from  that  the  arterial  pressure 
of  ojygen  can  be  computed.  Column  5. 

'  Krogh:  Sta«.  Arvhiv  f.  Phyriot.,  judti.  1910,  p,  274. 

■DaugUi  ftnd  Itnldaiir:  Jountal  of  Phytiolo^;/,  U,  IIIIS,  p.  305. 
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The  resultB  obtained  by  Douglas  and  Haldane  are  illostrated  in  the 
following  protocol.  Mice  breathed  air  mixed  with  varying  amounts  of 
CO.  Th^  were  then  drowned  and  two  drops  of  blood  taken  from  the 
heart  for  analysis.  The  inspired  air  contained  on  the  average  19.79  per 
cait.  of  O,  and  0.29  per  cent.  CO^ ;  the  alveolar  air  contained  14.06  per 
cent.  Oj  and  5.64  per  cent.  COj. 


1. 

3. 

S. 

4. 

'          "        - 

Per  cent,  utaralfon  of  Hb 

'  Arterial  O-  (emion  in 

Per  ccDt.  of  CO 

in  iiuplred 

■Ir 

Dpntlon  of 

«ipt. 

inliiDteA 

wilb  CO 

_  iper  ccDL  of  an  acmo*. 

pbtre  calcalBtol 

Id  tIto 

Id  Tilro 

ftom  3 

0.016 

00 

26.2 

17.2 

'  12.2 

0.018 

45 

26 

18.5 

•  13.5 

0.046 

40 

2J.1 

22.7 

'  15.0 

0.053 

40 

37.7 

30.2 

:  ie.2 

0.100 

32 

45 

43.0 

19.3 

0.12B 

31 

56.4 

56.3 

20.8 

0.213 

13 

59.1 

73.5 

.  44.7  (AnlDuJdiedl 

0.244 

!2 

67.3 

71.7 

25.7  (Aniiul  died) 

0.262 

■20 

66.4 

73.7 

28.2 

0.275 

1,5 

€3.5 

76.0 

35.9 

The  experiment  shows  that  as  long  as  hemoglobin  was  not  more  than  30 
per  cent,  saturated  with  carbon  monoxide,  the  pressure  of  oxygen  in 
arterial  blood  (12-15  per  cent.)  was  less  than  that  in  the  alveoli;  but 
when  the  per  cent,  of  saturation  of  the  hemoglobin  with  carbon  monoxide 
was  more  than  this,  the  calculated  arterial  tension  was  always  higher 
(16-36  per  cent.)  and  might  be  over  100  per  cent,  greater  than  that  of 
alveolar  air.  The  per  cent,  of  saturation  of  the  Hb  by  CO  was  less  in 
vivo  than  in  vitro. 

A  similar  result  was  obtained  for  human  beings  when  breathing  air 
containing  varying  amounts  of  oxygen.  The  experiment  was  tried  on 
a  man  breathing  in  a  closed  system.  "While  restii^  and  breathing  air 
containing  normal  amounts  of  oxygen,  the  tension  of  oxygen  in  the 
alveolar  air  being  from  12-15  per  cent,  and  CO,  5,6  per  cent.,  the  arterial 
blood  had  an  o.\ygen  tension  varying  in  different  experiments  from  91.6- 
104.4  per  cent,  of  the  tension  in  the  alveolar  air.  In  other  words,  it  was 
only  once  found  to  be  higher  than  the  tension  in  the  alveoli,  but  was 
generally  lowpr  as  the  diffusion  theory  demanded-  The  same  result  was 
obtained  when  the  subject  was  resting  and  breathing  air  containing  more 
than  the  normal  amount  of  oxygen.  When,  however,  the  amount  of 
oxygen  was  r<;duced  so  that  the  per  cent,  of  oxygen  in  the  alveolar  air 
was  lower  than  normal,  the  pressure  of  oxygen  in  the  blood  was  lai^r 
than  the  tension  in  the  alveoli;  the  difference  was  particularly  lai^ 
when  woi^  was  done. 
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There  is  no  doubt,  tlidrcfore,  that  in  normal  circu instances  during  rest 
oxygen  enters  by  a  process  of  diffusion ;  or  at  least  there  is  no  evidence 
of  any  secretory  eclivity  by  the  alveolar  endothelium.  During  work, 
however,  or  when  there  is  a  dc6ciency  of  0„  iJie  pressure  of  O,.  in  the 
arteries  rieea  far  al»ove,  to  135  per  cent.,  that  in  the  alveolar  air.  It 
appears  from  these  experiments,  then,  that  the  lungs  rony,  when  there 
is  neeessity,  actively  Be<'rete  oxygen  into  the  blood.  This  discovery,  if  it 
be  sustained,  is  evidently  a  very  important  one.  The  way  in  which  the 
lunett  ore  aroused  to  actinty  when  the  tissues  need  oxygen  is  still  obscure. 
It  may  ho  either  by  way  of  the  nervous  system  or  by  some  metabolic 
prodiictA  of  the  tissue  activity.  The  authors  state  tliat  it  is  certainly  not 
by  means  of  COj,  or  lactic  acid,  since  these  leave  the  process  practically 
unaffected. 

Conclusive  though  tbesw  experiments  seem,  they  are  not  completely 
BO.  and  the  whole  queMion  must  still  be  regarded  as  open.  This  is 
owing  to  the  fact  that  in  any  indirect  method  of  determining  the  pros* 
sure  there  are  always  many  assumptions,  some  of  which  cannot  easily 
be  tested.  In  this  method  the  following  assumptions  are  made:  First, 
tliat  the  colorimetric  method  of  estimating  the  degree  of  saturation  of 
the  hemoglobin  is  reliable.  A  betler  method  has  been  devised  by  Hart- 
ridge.  But,  even  if  the  degree  of  saturation  Is  correctly  determinod, 
the  inference  that  the  rest  of  the  hemoglobin  is  eombined  with  oxygen, 
or  unoombincd.  is  not  proved.  It  is  pos-sible  that  hemoglobin  unites  with 
many  other  substances  than  gases.  If  so,  these  substance.s  may  be  preaent 
in  tba  blood  in  larger  amounts  than  usual  under  the  conditions  of  the 
experiment  when  there  is  partial  asphyxia. 

Another  possible  source  of  error  in  this  indirect  method  of  deter- 
mining the  oxygen  tension  of  the  blood  is  this.  What  is  actually  detor- 
minod  is  the  amount  of  carbon  monoxide  hemoglobin  in  the  blood.   From 
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tbis  Hgnn  one  calculates  how  targe  the  teosioD  of  oxygen  most  be  in 
order  to  prcvKrit  the  hemoglobin  from  taking  up  more  carbon  monoxide 
than  it  docs.  The  assumption  that  is  made  in  this  is  that  the  avidity 
of  the  oxygen  and  hemoglobin  undergoes  no  change  in  the  course  of  the 
experiment,  but  remains  the  same  as  in  the  cipcrimcnts  in  vitro.  Thia 
acBumptioD  may  not  be  comwt.  In  the  experiment  oxygen  and  carbon 
monoxide  are  quarreling  for  the  hemoglobin.  The  power  of  the  oxygen 
ig  m«a8ur<!d  by  its  success  in  the  struggle  under  certain  conditions.  But 
let  it  be  supposed  that  in  times  of  stress,  as  in  partial  aspliyxja,  the  body 
has  the  power  of  strengthening  the  hand.s  of  the  oxygen ;  it  might  then 
wage  a  verj-  much  more  succeastuJ  struggle  for  the  hemoglobin  than 
before  and  displace  more  of  the  carbon  monoxide.  There  are  reasons 
for  thinking  that  the  body  does  possess  just  this  power,  because  it 
forms  oxidases  which  hnHtcn  oxidation  when  it  needs  oxygen,  The 
formation  of  oxyhemoglobin  is  a  proecss  of  oxidation.  It  is  possible, 
therefore,  that  the  snialier  saturation  of  the  hemoglobin  by  earb&n 
monoxide  in  parLlal  asphyxia  is  not  due  to  tlie  fact  that  the  tension  of 
the  oxygen  has  been  increased,  but  that  the  efficiency  of  that  actually 
present  has  been  increased  in  its  oxidiBinR  power  by  the  oxidasirs.  Per- 
ha|H>  tJic  proportion  of  active  oxygen  molecules  is  increased.  It  would 
seem  unlikely  that  oxidases  should  play  oo  part  in  the  oxidation  of  such 
an  Important  substance  as  hemoglobin.  This  possibility  should  be 
investigated.  That  there  is  something  in  its  favor  is  shown  by  the  fact 
that  a  person  exposed  to  a  low  oxygen  pressure,  if  the  pressure  is  not 
too  low,  shows  a  betterment  of  condition  when  slight  work  is  done.  The 
a.sphyxia  seems  somewhat  relieved  by  the  work.  Perhiips  by  the  activity 
of  the  tissues  more  of  the  oxidase  is  produced. 

e.  Nature  of  the  union  of  hemoglobin  with  OTtigen.  There  is  little 
doubt  that  the  union  between  oxygen  and  hemoglobin  is  chemical  in 
nature.  This  opinion  was  almost  universally  held  until  W.  Ostwald  sug- 
gested that  the  union  was  one  of  adsorption.  If  the  union  is  chemical, 
then  if  the  per  cent,  of  saturation  of  the  hemoglobin  is  plotted  along 
the  ordinate  and  the  tension  of  oxygen  along  the  abscissa,  as  is  done  iu 
Figure  46,  tlie  curve  of  saturation  of  the  hemoglobin  by  oxygen  should 
be  a  rectangular  hyperbola.  Bohr  did  not  find  this  to  be  the  case.  The 
cause  of  the  discrepancy  was  invest.igated  by  Barcroft,  who  found  that 
if  the  hemoglobin  solution  was  thoroughly  dialyzed  so  as  to  rid  it  com- 
pletely from  salts,  then  the  curve  was  a  rectangular  hyperbola,  as  the 
theory  demanded. 

That  the  union  is  chemical  is  shown  also  by  Barcroft  and  Hill.  The 
rate  of  reduction  of  HbOj  by  nitrogen  was  strongly  influenced  by  tem- 
perature, going  on  at  a  much  more  rapid  rate  at  a  higher  than  at  & 
lower  temperature  and  the  temperature  coefficient  between  38*  and  18' 
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is  3.7  for  10'.  This  indicatca  5tronel3r  a  chemical  union,  (or  M  a  nils 
physical  processes  bare  mudt  lower  tetnpornturu  cuefficicuU  Ihau  this, 
which  is  that  of  a  cbemical  r«action.  They  also  ilctcrumttl  th<t  hoot  wt 
ine  when  one  gram  of  lib  was  oxidizwl  to  llbO,.  Tlw-y  foimj  lor  I 
pram  Ub  1.65  calorics.  From  Uiis  they  (MUculattHl  Uiu  molvciilnr  wcighl 
of  the  hemoglobin  ax  15,200,  which  Ik  about  that  found  by  lIJifTnrr,  it 
one  molcculu  of  oxygen  combines  with  ono  molociUo  of  hamofrlobin  find 
if  Uiure  is  one  atom  of  iron  iu  the  molecule.  'I'bc  procon  is  ovitlimlly  a 
limited,  or  partially  consummated,  oxidation  provitut.  One  moluculo  of 
hemoglobin  combines  with  one  molecule  of  oxyt^Mi  mid  a  t^nrtain  amount 
of  heal  is  liberated  in  thia  proc«8S.  We  sec.  thorcrorc,  that  to  thin  cxtunt 
at  least  Lavoisier  was  right  and  that  some  combuMtioii  rt'slly  takiw  |)lac<« 
in  the  lungs.    There  ig  some  heat  liberated  tliore. 

We  liam  ulrcaily  cmu>id>'rctl  on  page  256  tliu  phfiinl  ohrmUlrj  of  III*  proovM 
of  oxidation,  but  vo  may  ut  Hun  point  conaldur  ths  kp|illcalioii  of  tliuar  prlnittjilvi  tn 
tlio  oxidxtioa  of  livniuijlubiii.  Tlic  velocity  of  tlic  oxJJntion  In  Uii'n  |iiop'<rti«iiu I  In 
Uifl  cunesDtratian  of  the  iictive  osidiiinj;  agsiit,  to  IJio  poiioi'ii trillion  of  tlii>  nellvn 
l*<ln«lng  agent,  lutd  to  t\ur  time  nvquirnd  for  the  pduuins  over  of  thu  [iniiltltii  oliuript 
from  Uiu  oxidJEiiiK  (O  )  Ui  tlio  reducing  |llh)  body,  TliU  Uat  (artor,  wlilnli  tmlM 
H>  enomouftlj  in  ilifTc^rent  oxidntioni,  it  In  tho  e»iw  of  Immoglobln  In  orillnarjr  olr- 
cuiutaucu  very  long.  It  is  much  longur  than  oxylu'iuugloblii  onllniirlly  vti»ln  Ifi'for* 
lli«  runrtion  i*  r«vpnt«id  in  tbe  tiMitca.  IIpjkv  IllfO  li  •t«l][n  Tot  n  nmaldoTatil* 
period.  Tills  mol«culo  lias  quit«  s  long  span  of  life  N«T«rth«kss  It  is  ilaltla  nnly 
under  vtrj  ii»rrow  condltioun  and  a  cliangn  of  AllEsIlallf  SlllMnnlly  K'ntt  niUMM 
tli«  MMumnution  of  Uw  oxidation  uhI  ths  fomallon  of  nrthmnngloltln,  small 
unouats  of  wfcidi  me  presoBl  in  nornin)  biwd  and  nhlcli  uiidrr  |i>tli<rl»Kl<'a)  ttm- 
dftions  triicu  nitritjrs.  ehlomtns,  anilina  and  many  dtuit*  am  tiikrn.  Is  formml  In 
Ititge  aiBOunts.  Hemoglobin  Is  a  subsUnw  combining  n»Hy  viHh  OMjignn,  l«it  In 
which  the  oxidation  dors  not  gn  to  a  raaelualon. 

Th*  mloeity  mil]-  b«  written  Ut  Uui  taini  of  an  M|natlflni     * 

d(HM),|/dt^Kr^»C„; 

Cp  ia  tbe  ooneoitrilioo  of  Uw  aeUre  <nyw^,  llial  Is  oiygni  In  4  cotidltlMi  tn 
unite;  and  C   *   is  tbe  cocKirntrBtinn  of  tb«  at-tlvs  l«i>innglab)n,     Tlw  ranstlnn   Is 
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be  pmnt  of  eqnilibnnaa  «ml  Uia  nt'^lty  of  tlw  umttUm  will  !«■  iM«'inlnnl  n"! 
by  thf  total  «oocn>tratlMi  of  tha  lib  and  Iha  O  .  but  by  Ut*  mimnntrallon  of  Ui* 
actm  moleolM  pra*«nt.  Sow  mtitt  oii'Utl'fns  liars  th«4*  two  ^MiillarlllMi  Tktj 
are  acoclcnbed  bjr  li^t.  partimUrly  tij  nlUa  *k>l«i  Mghi.  and  (hsy  sf«  all  do- 
padnt  upon  vatar.  In  Kght,  tlivrvfars,  tha  p«r  smL  wT  sal<ira<l'>n  of  Uta  hsNM- 
gloUa  at  n  gtrai  pnmmn  of  «Mjpat  (hnnld  ba  htghff  Utan  In  darknaw  anl  IW 
vrioeity  of  the  nxUnUoa  atoold  ta  i^wtar. 

A  McosA  tf  orl—t  UH  ta  tnUUkm  ka  Um  rAb  of  «iil«r.  Brtnt—nw  4*  tut 
oiidia  in  tkn  4rj  atala,  Tta  yawtnMa  apt*mttfm  of  tikfa  t»^  of  mi  tmtt  mt 
expUnatios,  b  lUt  gffw  to  Om  sm*  «#  bnaMa  MMnti»M  (f.  »d).    ft  to  «h»Ml 
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certain  tbst  when  bromine  oxidizes  the  active  agent  ii  not  the  bromine  itsell,  but  a 
positive  bromine  ion,  whidi  is  formed  by  the  interaction  of  the  bromine  and  Uie 
water  as  follows: 

1.  Br^  +  HOHZiZrHBr  +  HOBr 

2.  HOBr:;=Ilfer+bH 

The  Br+set  free  ia  a  powerful  oxidizing  agent  and  the  speed  of  the  reaction  is 
probably  proportional  to  its  concentration.  The  oxidation  by  copper  and  oxygen  is 
probably  very  similar  as  already  discussed  on  page  200.  We  probably  have  the 
reactions: 

S.    Hb"  +  0++(OH)jj=nr:HbOj  +  HjjO 

Heat  is  liberated  in  the  last  reaction. 

The  condition  of  the  hemoglobin  must  also  be  a  great  factor  in  the  speed  of  the 
oxidation.  All  the  evidence  we  have  shows  that  reducing  bodies  are  not  always  in 
a  state  to  receive  the  oxidizing  body  and  as  a.  rule  the  condition  of  ionization  of  the 


Fto.  47. — EffecU  of  temperature  on  the  dlsBoclaUon  of  oxyhemoglobin  (Omlura). 
Ordinate :  per  cent  of  dissoclatloa ;  abaclBBS ;  mm.  ot  0,  pressure. 

reducing  body  is  of  great  importance.  Now  Hb  is  probably  a  salt  of  a  metal,  sodium 
or  potassium,  and  the  condition  of  the  iron,  with  which  the  oxygen  is  combined,  will 
probably  be  found  to  be  a  function  of  the  particular  metal  in  combination  with  the 
hemoglobin. 

It  will  be  Been  tben  from  the  foregoing  equations  that  the  speed  of  oxidation 
and  the  per  cent,  of  saturation  of  the  hemoglobin  with  0  will  depend  in  the  first 
instance  on  the  alkalinity,  or  number  of  hydroxyl  ions.  Hence  an  increase  in  the 
alkalinity  of  the  blood  will  cause  Hb  to  take  up  0  faster  and  hold  a  larger  propor- 
tion of  it  since  this  increases  the  active  mass  of  the  oxygen;  and  acidity  will  have 
an  opposite  effect,  causing  the  HbO  to  give  up  0  ,  hastening  the  reduction  and 
lowering  the  point  of  equilibrium  when  saturation  is  reached.  The  effect  of  tem- 
perature, since  the  reaction  is  exothermic,  will  be  to  increase  the  dissociation  as 
the  temperature  rises.  Alkalies  may  also  affect  the  active  mass  of  the  Ub.  Tbcae 
theoretical  conclusions  are  borne  out  by  experiment. 
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V            f.     Factors  influencing   the  dissociation  of  0,  from  ntO^.     Bohr 
H      opened  this  subject  by  his  diwovery  that  carbon  clioxidc  atroiigly  infla- 
■      enced  the  dissociation  curve  of  BbO,.    Hemoglobin  takes  up  less  0, 
H      as  the  tension  of  CO,  increases;  and  HbO.  gives  off  0.  mucli  quicker  in 
H      the  presence  of  CO,.    ThU  is  a  matter  of  great  importAnco  in  the  body. 
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^^^^^C  Bg.  4S.— CurvM  lllualmtlni;  tlia  diHoelatlon  «f  oirh<'iii'i;:i°>>ln  of  «hMp  blood  on  the 
^^^■^HHn  of  TMrloiU  (iru'iuriiH  of  UcUc  add   <B»rcroft  nrxl  Or1>>^11l.     TLe  uppvr  curr*  r«pre- 
^^^(■vnV  tbe  Mr  eeot.  of  MiturBiluD  of  nurmal  Mood  wbcu  dia  oxyioa  tsii«loii  la  mm.  I*  that 
^V         r-proaentPd  alotiK  th«  abaclna.     Th«  tff«  lower  curre*  abQW   tb«  eSrd  of  tbc  atldltion  uC 
^1         luetic  aclil. 

H       The  studies  of  Barcroft  and  his  associatas  have  Khown  the  tnfiuence  of 

H       alkaltcii,  acids,  salts,  temperature  and  light  on  the  dissociation  of  this 

H       oxide. 

H             I.     Effect  of  temperature  on  dissociation.    The  per  cent,  of  Batura- 

H      tioQ  of  hemoglobin  in  air  and  at  different  temperatures  was  determined 

1      by  Bareroft  and  Hill  as  follows:                                                                     ^m 

^H                                                                    Dog't  bvmoglobin.                                                                     ^^H 
^^^K              TOQpcnieUK  (')    16        U         32         3»                         ^^ 

^^^       2.     Adds  and  alkalies.    Alkalies  increase  the  speed  and  the  per  cent.              1 
H      of  Batnration  under  a  (nvcn  oxyfren  pressure  and  acids  have  the  oppo-            1 
H      site  effect.    This  is  shown  in  the  following  carves  from  Barcroft  and            1 
H      Camis:                                                                                                              ^^M 
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TenBtoR  0    In  nim , \2Ji 

Per  ocnt  Bsturation  uf  licmoglotiin  in  wator 39 


P«  cent  Mturation  Hb  alkaline  with  (NH^j^CO^ 


Tensian  0  ia  ueii. 


78.fi 
20.6 


SZ.S 

30.& 


00 


It  will  be  ficen  lliat  iu  water  ut  &  teuHion  of  50  mm.  llg  lifmngloliln  i.s 
1«88  than  80  per  cent,  saturated.  In  ammonium  ciu-Lonute  solution  it  is 
98  per  cent,  sataroted.  Tbe  effect  of  cai-bon  dioxide  in  reducing  tlie 
saturatioa  of  tbe  homoglobin  is  sbown  in  tbc  following  figures  and 
curves: 

Wuhed  (iDg'H  corpuML'Ica  in  Hl»|{cr'a  aotiiUon. 
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3.  The  effect  of  salts  on  dmociation.  The  actiou  of  salts  is  also 
very  important.  Human  bluud  corpimclt^  routain  pota-saium  salts  in 
excefiK,  whereas  dog's  corpuiieles  contain  more  Hudiuin.  Potas.siuin  salts 
ar«  particularly  efficient  in  increasing 'tJie  per  rent,  of  saturation  of  the 
Hb.  The  salts  in  Uie  eorpu-scles.  or  the  nature  of  the  base  in  union  with 
the  nb,  is,  therefore,  of  considerable  importance  in  this  exchange. 

At  a  tension  of  50  mm.  of  oxygen  the  hemoglobin  in  solution  in 
0.7  per  cent.  N'aCl  ia  85.5  per  cent.;  in  0.9  per  cent.  KCl  it  is  95  per  cent. 
(ttituraled;  and  in  NijHPO,  it  is  more  than  this.  It  is  probable  that  this 
dil7«ren('e  in  salt  content  explains  the  difrer«>n(;e  in  saturation  of  differ- 
ent bloods  when  exposed  to  the  same  tension  of  Oj. 

4.  Other  factort  possibly  influencing  the  dissociation  of  UhO,. 
There  is,  in  addition  to  the  factors  already  mentioned  as  controlling 
the  union  of  Hb  with  Oj,  one  other  which  has  been  so  far  neglected,  but 
which  was  mentioned  on  page  483.  It  may  be  that  there  are  in  tbe  plasma 
or  corpuscles  substances  wbit-h  may  facilitate  the  union  of  hemoglobin 
with  oxygen.  It  would  be  interesting  to  see  what  influence  small  traces 
of  iron  might  have  on  this  process.  It  is  said  that  small  amountJi  of  iron 
are  constantly  getting  free  from  the  Hb,  particularly  from  reduced 
hemoglobin.  ludeeil,  Bohr  suggested  that  the  iron  was  alternately  set 
free  and  reunited  with  tlie  Hb,  but  such  is  probably  not  the  case.  The 
matter  should  be  further  studied. 
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6.  Bhhgical  significance  0/  factors  injluencing  SbO,  dissociation. 
The  general  biological  signjficimcc  oi  the  facts  thus  described  for  blood 
is  very  great.  We  may  indeed  lake  hemoglobin  as  a  type  of  a  sub- 
RtaiiL*e  imiting  with  oxygeu.  Stibstaucoi  having  the  power  of  uuitiiig 
with  oxygen  are  found  in  all  cells  of  the  body,  and  it  is  probable,  sinue 
the  dissociation  of  the  cell  Iroui  oxygen  is  a  matter  of  a  good  deal  more 
difficulty  than  Ihc  dissociation  of  HbO„  that  these  substances  hold  their 
oxygeu  a  good  deal  more  firmly  than  the  oxygen  is  held  by  Hb.  They 
do  not  cosily  give  up  their  oxygen  to  a  vacuum.  The  tension  of  oxygen 
in  the  tissues  is  vety  low.  There  are  many  reasons  for  thittkiog,  how- 
ever, that  oxygen  storage  may  occur  tiiere.  I'he  protoplasm  is  made  up 
of  reducing  substances.  We  may  be  certain,  in  uoy  case,  that  the  oxida- 
tion of  a  cell,  like  that  of  hemoglobin,  will  be  profoundly  affected  by 
sunlight,  temperature,  alhalinity  and  acidity  and  by  salts.  And  indeed 
all  our  facts  prove  this  to  be  tlie  case.  Oxidation  is  facilitated  in  the 
light  J  by  fevers  or  high  temperatures  j  by  slight  alkalinity;  and  by  vari- 
ous salU, 

The  acidity  produced  by  carbon  dioxide  and  lactic  acid  is  very  impor- 
tant in  turning  oxygen  out  of  its  union  with  hemoglobin  when  the  blood 
reaches  the  tissues.  This  must  play  a  great  part  in  cold-blooded  animals, 
where  at  low  tcmporatures  the  oxygen-liemoglobiu  compound  dissociates 
very  litUe.  Carbon  dioxide  does  not  in  the  frog  find  its  way  out  through 
the  lungs,  but  through  the  skin.  Perhaps  it  is  kept  in  the  body  for  this 
purpose. 

g.  The  exchange  in  Ihe  tissues.  While  tlio  exchange  in  the  luugs 
has  been  supposed  by  some  to  involve  secretory  activity  on  the  part  of 
the  plates  of  the  lung  eudothclium,  the  exchange  in  the  tissues  is  believed 
to  be  due  only  to  processes  of  diffusion.  Th«  pressure  of  oxygen  in  the 
tissues  is  less  than  tbat  in  the  capillaries  and  the  prossuro  of  carbon 
dioxide  in  the  tissues  is  greater  than  that  in  the  blood.  So  that  there 
is  no  reason  for  suppo-sing  that  any  other  factors  than  those  of  dittuaion 
play  a  part  in  this  exchange. 

The  blood  as  it  leaves  the  tissue-s  is  still  rich  in  oxygen.  It  is  never, 
under  ordinary  circumstances,  completely  reduced.  Indeed,  venous 
blood  atill  contains  a  large  proportion  of  its  oxygen.  Analyses  of  blood 
coming  from  different  organs  show  differences  in  this  respoct  as  might 
be  anticipated,  but  the  following  table  illustrates  the  eompositiou  of  the 
gases  of  the  venous  blood  from  various  organs;  the  figures  are  e.c.  for 
100  C.C.  of  blood : 

Orgma  DI'Wl  CO« 

SiibmnxilUry     I  .\Ttvriu1  £3.1 

gland  lasting    (  Vcnoua 
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<kKftii                     Btooa                             CO,           n,  ObwrvM- 

Supra-renal           ArUriol                                          2l.7g  chaiaeraut  Knd  L&ngloU 

gland  (BureiMt) 

Unia                 I  Art«rial-«roUd               40^       l«.81  UlliaudNaUrio 

(  V#iiou>  (MwtDvaluM} 
(Toreula  Heropk.)       44.74        13.3I> 

The  foUoTriDg  table  from  Barcroft  showg  the  consumpfion  of  oxygen 

in  ccm.  pro  gram  per  minute  by  various  tLtsues : 

OxroEK  CoKscut^oir  no  Obam  rra  Mikutb  ai  Kebtiko  Timue 


Kaniu  ot  ttaoa 

Oxjitea  GoiuuiDiiilon 

Anlnul 

Utworvot 

Skeletal  miuele 

.0037  CLC 

Horse 

CbauTtnu  and  Knufmiinn 

Iluurt  muacl« 

jOIO 

I)og 

Darcroft  iind  Dixon 

Salivary  glands 

.028 

U"K 

Barcroft  and  Dixon 

.083 

Cat 

Barcroft 

Puncr«(M 

.030.05 

Dog 

Barcroft  and  Statling 

IntrJttinal  eanal 

.023 

Uog 

Brodic,  Halliburton  nud  Vogt 

KidtiPTS 

.028 

Dog 

Bnr^rolt  nnd  Brodie 

b.  Js  the  respiratonf  pigment  (u  it  exists  in  the  blood  itself  hemo- 
ffloiinT  Does  heoioglobiu  as  it  exists  in  the  blood  differ  in  its  properties 
of  oxygon  absorption  from  isolated  hemoglobin  T  Bolir  thougbt  that  it 
did.  He  supposed  that  there  were  distinct  differences  between  bemO' 
globin  and  the  blood  pigment,  which  he  called  bemochrome.  The  reason 
for  this  opinion  was  tbat  solutions  of  hemoglobin  in  water  were  found 
by  bim  to  have  a  different  curve  of  dlssoeintion  of  the  HbOj  compoond 
than  the  curve  for  the  dissociation  in  blood  itself.  But  Bohr  overlooked 
the  fact  tbat  the  dissociation  curve  depends  on  tbe  amount  and  charae 
of  tbe  salts  present.  Barcroft  and  Caniis  showed  that  a  solution  of  dog's 
hemoglobin,  to  which  had  been  added  the  ealta  found  in  dog's  corpuaclesi 
gave  a  curve  of  dissociation  like  that  of  dog's  blood  j  and  that  if  to  dog's 
hemoglobin  salts,  like  those  in  human  red  corpuscles,  were  added  a  curve 
of  diSEOCiatioD  was  obtained  like  tbat  of  human  blood.  It  appRan;,  there- 
fore, that  there  is  no  rea-son  to  suppose  that  the  pigment  a.s  it  exists 
in  the  blood  is  different  from  hemoglobin.  There  is  no  evidence,  in 
other  words,  tliat  tbe  shape  of  the  corpuscle,  its  wall  or  other  properties 
play  a  pari  iu  the  process  of  the  union  of  hemoglobin  and  oxygen.  Blood, 
in  virtue  of  its  alkali  salts,  has,  however,  a  great  advantage  over  a  simple 
solution  of  hemoglobin  in  water.  Tbtia  at  30  ram.  osygen  pressurs 
hemoglobin  in  a(|titx>us  solution  is  only  C2  per  cent,  saturated;  wbe 
blood  at  the  same  pressure  saturates  itaclf  to  69  per  cent.,  owing  to  the 
potassiam  salts  in  the  corpuscles.  Hemoglobin  in  Uie  corpuscles  la,  how- 
ever, almost  certainly  in  ehemiea!  union  with  the  stroma,  so  that  th 
oxygen-carrying  substance  in  the  blood  is  in  reality  stroma-hcmoglobin 
compound  and  not  free  hemoglobin. 

i.  Itespirati&n  of  the  hlood  itself.  Does  the  blood,  then,  not  respire 
itself!  Does  it  consume  no  oxygen  and  g^ve  off  no  CO,t  Wliile  the 
great  bulk  of  the  oxidation  occurs  in  the  tissues,  there  can  be  no  doubt 
that  a  certain  amount  occurs  in  blood  itself.    Bloo<l  is  a  living  tisaa< 
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The  white  cells  in  it  certainly  reapire,  and  the  r«d  corpuacies  probubly  do 
also  to  a  limited  extent,  since  Ihey  contain  in  their  stroma  oxidizable 

Isuligtanc<!S.  But  the  rate  of  their  respiration  is  undonbtcdiy  small.  Not 
HO,  however,  with  the  white  or  nudeated  cells  bolh  white  and  red.  Par- 
ticularly after  hemorrhage  the  blood  shows  a  considerable  power  of  oxi- 
dation of  itself,  and  also  dtinng  asphyxia,  or  whenever  the  tiasuc  decom- 
position is  greater  than  the  tisane  oxidation  can  bum,  these  substances 
get  free  in  blood  and  in  part  burn  there.  Thus  Bohr  found  that  tJie 
ratio  of  0,  to  the  iron  of  the  blood  underwent  marked  changes  after 

I  hemorrhage,  so  that  he  suggested  tliat  there  waa  more  tJian  one  kind  of 
hemoglobin  in  the  blood.  But  it  has  since  been  shown  (Douglas)  that 
the  oxygen  capacity  of  the  blood  after  hemorrhage  is  exactly  propor- 
tional to  its  hemoglobin  content,  so  that  there  is  no  change  in  the  char- 
acter of  the  hemoglobin.  It  has  been  foimd,  too.  that  the  bIoo<t  of  rab- 
bits made  anemic  (Morawitsaud  Pratt)  by  repeated  iujecliona  of  phenyl 
^bydraaine  or  repeated  hemorrhage  has  a  remarkable  power  of  absorption 
of  oxygen  and  production  of  CO..  The  following  figures  show  the  con- 
Bumption  of  oxygen  by  rabbit  blood  aft«r  repealed  hemorrhago: 
Oj  P«r  oent  CO^  Per  ecnt. 

After  iLfniUun  t • 8.7  SQ^ 

K          Incubnlcd    %  hour 6.0  34.8 

m                            1%     •'     B.8  3*0 

'■           2%      " OlS  39.1 

3%      •        39.9 

Rc«liirAtoi7  quotient  CO  /O^^JH. 
The  main  factors  in  this  consumption  arc  the  white  and  the  nucleated  red 
blood  corpusclea.  That  the  oxj-gen-cousTuning  power  is  found  chiefly 
in  the  white  corpuselea  can  coaily  ho  made  evident  by  centrifuging 
defibrinated  blood.  It  will  gtmcrally  ho  observed  that  the  red  color 
immediately  beneath  the  layer  of  white  corpuscles  which  rests  upon  the 
red  corpuscles  is  that  of  n'^duced  hemoglobin.  lu  the  blood  of  inverte- 
brates tJic  corpust'les  arc  in  many  casi-s  altogether  white  corpuscles.  In 
Limulus.  the  king  crah,  flien;  is  n  blood  pigment  which  is  blue  when 
oxidized  and  cotoHcsa  when  reduced.  This  pigment  eorrcaponda  to 
hemoglobin,  but  contains  copper  in  place  of  iron,  It  is  called  herao- 
cyanin.  It  will  be  observed  in  this  blood  if  it  is  allowed  to  elot  that  the 
blood  is  white  or  redui^ed,  e-vccpt  in  the  upper  layers  of  the  clot,  where 
it  comes  in  eontact  willi  the  air. 

j.  Evolution  of  hemoglobin.  The  «n"olution  of  hemoglobin  ia  of 
interest.  Iron  \s  found  in  all  forms  of  living  matter  and  in  all  it  pla>'s 
perhaps  a  predominant  r«]e  tn  oxidation.  In  the  course  of  evolution  an 
iron  compound  was  evolved  which,  while  permitting  the  iron  to  take 
up  oxygen,  was  not  itself  oxidized  by  it.  It  remained,  therefore,  an 
easily  reduced,  but  otherwise  fairly  stable,  oxide.     This  substance  is 
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hcmoglobm.  It  is  found  very  low  in  the  animal  kingdom  in  anoelida, 
ncmcrtiDea  and  mollusks.  Id  the  lowest  forms  and  in  its  primiiive  coa- 
ditioQ  it  is  a  constituent  of  the  muscles,  just  as  it,  or  a  closely  allied 
substance,  is  found  in  many  vertebrate  muscles  to  wbieb  it  gives  a  red 
coloration.  Here  it  plays  its  primitive  role  of  a  stoi-er  of  oxygon.  The 
next  slej)  consisted  in  liAving  it  free  in  the  circulating  fluid  as  it  occurs 
in  the  nemertiues,  ko  that  it  could  obtain  oxygen  at  the  surface  of  the 
body  and  bring  it  back  to  the  tissues.  Finally  we  have  it  incloeed  lu 
corpuscles,  where  it  may  be  surrounded  by  salts,  which  are  particularly 
useful  for  its  functions,  but  wliich,  if  at  large  in  the  blood  stream,  would 
be  haiiuful  to  the  organism.  U  i&  posiiblti,  also,  that  the  couecutratiou 
of  hemoglobin  in  the  blood  can  be  increased  by  this  means  above  that 
which  is  possible  by  simple  solution  i  and  finally  it  may  be  that  the  wall 
of  the  corpuscle  has  been  porticularly  evolved  to  make  a  membrane 
which,  like  the  gills  of  the  fish,  wili  let  gases  through  readily,  but  will 
prevent  the  entrance  of  many  substances  which  might  combine  with 
hemoglobin.  It  is  possible  thai  there  are  in  the  ti&suus  other  eoloi'lvss 
protein  or  other  compounds  to  which  o.\ygen  Is  more  firmly  attached 
than  it  is  in  tlte  hemoglobin  and  whicii  serve  the  purpose  of  storing 
oxygen  in  tlie  tissues.  The  existence  of  eut:h  compouud»  i^au  hardly  be 
doubted;  eomo  have  been  described  (Grifhths) ;  and  they  arc  supposed 
by  many  physiologists  to  play  a  great  rule  iu  anaerobic  respiration. 

k.  Otker  compounds  of  htmoiflobin  with  gases.  Hemoglobin  eom- 
binee  with  many  other  substances  than  oxygen,  and  perhaps  one  advan- 
tage of  placing  i1  within  eorpusck-g  may  be  to  protect  it  from  such  other 
substoneis.  Thc-y  may  tiud  diQiculty  in  entering  liic  blood  veil.  Indeed, 
it  may  be  that  the  envelop  of  the  red  blood  eorpuaelc  hus  be)cu  devised 
to  permit  the  easy  paiisage  of  CO^  and  oxygen  through  it,  but  to  resist 
most  of  the  other  food  and  metabolic  products  of  the  body.  Among 
the  substances  readily  penetrating  the  red  blood  corpuscles  is  carbon 
monoxide,  CO,  which  is  found  in  illunilnating  gas.  This  substanee  is 
either  far  more  reactive  than  oxyguQ  or  else  it  forms  a  firmer  eoiupouud 
with  the  hemoglobin.  Probably  the  latter  is  the  case.  The  UbCO  com- 
pound, earbonyl-herooglobin,  dissociates  less  readily  tliau  o.\yhoiuoglobiQ, 
or  else  Ihe  active  mass  of  the  CO,  that  is  the  proporliou  of  niolciiules  in 
a  condition  to  unite  with  hemoglobin,  is  greater  in  it  than  in  oxyg«n. 
Wlien  blood  is  exposed  to  a  mixture  of  carbon  monoxide  and  oxygen  or 
air  hemo0obin  takes  up  by  ]ireference  the  carbon  monoxide  so  that  even 
though  there  is  little  carbon  monoxide  present,  as  compared  with  oxygen, 
blood  saturates  itself  to  a  considerable  extent  with  carbon  monoxide.  If 
hemoglobin  becomes  50  per  cent,  saturated  with  CO,  the  life  of  an  auimaJ 
is  endangered.  In  human  blood  50  per  cent,  saturation  of  the  hemoglobin 
with  carbon  monoxide  occurs  at  room  temperature  in  the  presence  of 
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'^r  containing  about  0.05  per  cent,  by  volume  of  CO  gas.    It  U  for  this 
reoGon  that  the  prcscneo  of  even  small  atnounls  of  carbon  monoxide  in 
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Uio  air  of  houses  is  so  detrimental  to  health.  The  bloo<Ia  of  different 
animals  show  different  powers  of  saturation  with  carbon  monoxide  when 
they  are  exposed  to  the  same  mixture  of  air  and  carbon  monoxide,  and 
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there  ia  a  variation  also  in  different  species  of  the  same  animal.  This 
fact  has  not  yet  been  explained.  It  may  be  due  to  the  fact  Ihat  the 
§atarotion  of  the  blood  by  oxygen  is  dependent  upon  varioius  factors 
which  do  not  affeet  the  earbon  monoxide.  Thus  the  percentage  of  satura- 
tion of  the  blood  by  oxygen  is  dependent  upon  carbon  dioxide,  alkalinity 
and  lactic  acid,  whereas  the  dissooiation  of  cArbon  monoxide  hemoglobin 
does  not  appear  to  be  much  if  at  all  affected  by  the  presence  of  these 
8ub«tancea.  It  may  be,  therefore,  thai  tlie  salts  of  the  blood  corpuscles 
being  different  in  different  animals  determine  that  the  per  cent,  of 
saturation  of  the  hemoglobin  with  oxygen  shall  be  different,  and  accord- 
ingly leave  more  or  less  hemoglobin  free  for  carbon  monoxide  to  unite 
with.  Mouse  blood,  for  example,  is  one-third  less  saturntcd  with  carbon 
monoxide  than  human  blood  when  both  are  exposed  lo  the  same  mixtures 
of  Oj  and  CO  gasea  (ITartridgc).  The  firmness  of  the  uuiou  of  carbon 
monoxide  with  hemoglobin  makes  it  very  diilScult  to  replace  it  with 
oxygen  and  so  to  resuscitate  a  person  poisoned  by  illuminating  gas. 
Inasmuch  as  alkali  does  not  affect  the  firmness  of  the  union  of  Ihe  hemo- 
globin with  carbon  monoxide,  but  does  increase  the  power  of  hemo- 
globin to  unite  with  oxygen,  it  would  appear  wise,  in  eases  of  poisoning 
by  coal  gas,  to  give  large  amounts  of  sodium  bicarbonate. 

The  apectrum  of  COHb  differs  slightly  from  that  of  oryhemoglobin. 
Figure  49,  the  two  absorption  bands  being  shifted  more  to  the  right  in 
the  carbonyl  hemoglobin.  From  this  a  very  good  method  has  been  devised 
by  nartridge  for  estimating  the  per  cent,  of  carbonyl  hemoglobin  in 
blood. 

Carbon  monoxide  hemoglobin  is  more  stable  than  oxyhemoglobin.  It 
coagulates  at  a  higher  temperature  and  at  a  slower  rate  than  HhOjj 
carbonmonoxyiiemogiobiu  is  not  attJioIuMi  by  ferri cyanide  of  potaasiura  in 
the  dark,  but  is  in  the  light.  This  -shows  that  oarbonmonoxyhemoglobin, 
or  carbonyl  hemoglobin,  as  it  may  be  called,  is  dissociated  hy  light,  at 
least  when  in  the  presence  of  oxygen.  If  blood  be  exposed  to  the  same 
mixture  of  oxygen  and  carbon  monoxide  in  the  dark  and  in  the  light  the 
relative  amotmlii  of  oxy-  and  carbonyl  hemoglobin  will  be  different  in 
the  two  caacs.  It  is  probable  that  reduced  hemoglobin  is  less  stable 
than  oxj'hcmoglobin  and  the  reason  that  carbonyl  hemoglobin  coagulates 
more  alowly  and  at  a  higher  temperature  than  oxyhemoglobin  is  that 
thare  is  loss  of  the  reduced  hemoglobin  formed  by  dissoL-ialion.  Carbon 
monoxide  probably  unites  like  oxygen  with  the  iron  atom  of  the  hemo- 
globin molccide.  The  union  is  of  the  nature  of  a  rnrbonyl  of  iron,  since 
this  gag  has  the  property  of  forming  such  carbonyl  derivatives  with  the 
metals  of  the  iron  ^rotip. 

Haldanc  and  his  co-workers  have  generally  assumed  that  carbon 
monoxide  unites  only  with  hemoglobin  and  that  it  owes  its  toxicity 
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solely  to  tbe  fact  that  it  thus  iuterfercs  wltli  Uie  oxjrgen-CBriytng  power 
of  tbe  hemoglobin.  It  is  very  doubtful  whether  this  is  the  case.  It  is 
more  probable  that  it  luiitcs  with  other  oxygvn  receptors,  as  well  as 
thoav  of  hemoglobin,  and  it  may  tlius  act  directly  on  cells.  It  is  found 
to  be  somewhat  more  toxic  than  aa  equirolent  asphyxia  for  mammala, 
which  would  bear  out  this  view.  It  is  to.tic  toward  some  animals  and 
plants  which  have  no  hemoglobin,  but  is  not  toxic  for  others. 

Iliuminatiug  gas  bas  in  it  auotlior  substance,  ethylene,  CHi :  CH„ 
which  toward  many  plauta  is  vastly  more  toxic  tlian  carbon  monoxide. 
Although  ethylene  is  present  in  the  gas  in  very  small  quantities  it  is  the 
most  toxic  element  of  the  gas  for  trci>s  and  various  seedlings.  The 
action  of  this  gas  on  animals  should  be  rarcfully  investigated.  It  is 
possible  tliat  a  part  of  the  bcnc6cial  action  of  sleeping  out  of  doora  may 
b«  due  to  escaping  the  poisonous  action  of  small  amounts  of  illuminating 
gas,  whicb  penetrate  from  leaking  pipes,  joints  and  cocks  into  all 
dwellings. 

Nitrous  oxide  hemogtohin.  Kitrous  oxide,  or  laughing  gas,  also 
forms  a  loose  combination  with  hemoglobin.  It  is  very  suggestive  that 
this  mild  and  typical  aniMlhctic  is  thus  found  to  unite  with  an  oxygen 
receptor  in  an  easily  dissociable  union.  It  suggtals  that  anesthesia  may 
be  produced  by  tbe  saturation  of  the  oxygen  receptors  oE  the  protoplasm 
by  anesthetics. 

Mtric  oxid4  (NO)  hemoglobin  is  a  firmer  compound,  and  with  this 
gas  hemoglobin  i,s  easily  oxidized  to  nietbemoglohin. 

Ilydrocijanic  acid  hemoglobin.  TlydroL-yauio  acid,  HNC,  also  unit(*K 
with  metbemoglobin  probably  by  means  of  its  bivalent  carbon  atom 
II-N=C.  There,  again,  is  another  lypicral  respiratory  poison  and  anes- 
thetic occupying  an  oxygen  receptor.  It  probably  unites  in  tho  same 
manner  in  the  cell  and  thus  prevents  union  with  oxygen.  The  union 
is  in  both  cases  dissociable. 

Carbon  dioxide  unites  with  some  port  of  tbe  hemoglobin  molecule, 
bnt  it  is  more  probable  that  it  uniteH  with  the  protein  part  of  tbe 
moleeiile  than  with  the  iron.  • 

Sulpkuretf-d  hydrogen,  11^,8,  forms  the  compound  IlbHjR.  The 
union  is  probably  with  the  extra  valences  on  the  sulphur,  H^S.  Pre- 
sumably, also  sulphur.  Sj  will  unite  with  hemoglobin  to  give  sulphur 
hemoglobin,  but  this  compound  docs  not  sfem  to  have  been  discovered. 

To  what  extent  hemoglobin  unites  with  other  substances  has  hardly 
been  studied,  but  it  will  probably  be  found  that  many  other  substances 
will  anile  with  it.  For  example,  it  is  known  that  the  auestlieties,  such  as 
ether  and  chloroform,  when  in  blood,  unite  ctiiefly  with  tlie  red  blood  cor- 
puscles. It  is  belipved  by  most  obsprvprs  that  they  form  a  loose  union 
with  the  lecithin  or  other  lipin  of  the  corpuscles.    Solutions  of  lecithin 
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and  eholesterin  have  the  power  of  dissolving  more  ancsthelic  than  water 
alone;  but  Uicrc  may  be  in  addition  a  union  with  the  Iiemoglobin,  which 
will  retard  its  oxygen -carrying  oapacity,  and  thus  play  a  part  in 
anesthesia.  Particularly  cliloroform  1"™™  iljt  greater  chemicJil  activity 
may  be  supposed  to  act  in  this  way.  The  observations  of  Buckmastor 
and  Gardener  show  that  anesthetics  In  some  way  or  other  do  lower  the 
oxygen-carrying  capacity  of  the  blood. 

1.  Nummary  of  the  oxygen-carrying  capacity  of  the  blootl.  We  may 
now  briefly  summarise  the  discussion  in  the  previous  pages.  The  blood 
contains  in  the  rod  blood  corpuscles  a  red  pigment,  hcnioglobin,  which 
i«  probably  iu  nnion  with  the  stroma.  Hemoglobin  has  the  properly  of 
uniting  with  molecular  oxygen  and  giving  it  ofT  again  in  a  molecular 
form.  In  rirtue  of  this  property  the  blood  is  able  to  unite  with  consider- 
able quantities  of  oxygen  Jn  the  lungs  to  form  oxyhemoglobin,  which  is 
of  a  scarlet  color,  and  to  carry  oxygen  to  the  tissues,  which  take  the 
oxygen  away  in  ^^^tue  of  their  reducing  powers.  In  the  tLssucs  the 
pressure  of  the  oxygen  is  extremely  low,  and  in  virtue  of  this  fact  oxygen 
diBSOciatcs  from  oxyhemoglobin  and  enters  the  lisKues.  The  oxy- 
hemoglobin is  thus  partially  reduced  and  the  blood  changes  to  the  purple 
eolor  of  venous  blood,  due  to  the  presence  in  it  of  licraoglobin.  The 
amoTuit  of  oxygen  in  the  arterial  blood,  as  it  leaves  the  lungs,  is  different 
in  different  individuals  and  in  different  animals,  and  it  depends  in  the 
first  instance  on  tJie  amount  of  hemoglobin  IIktc  is  in  one  cubic  centi- 
meter of  blood.  But  iu  general  there  can  be  extracted  from  100  c.c 
human  arterial  blood  about  19-20  e.c.  of  oxygen  gas,  measured  at  0*  and 
760  mm.  of  Ug  pressure.  From  veuous  blood  less  oxygen  c&a  be  ex- 
tracted,  the  average  amount  being  in  human  beings  about  15  c.e.  of 
oxygen,  although  it  may  under  eireumslaneos  be  loss.  TIio  amount  of 
oxygen  taken  up  by  the  blood  depends,  in  part,  upon  the  partial  pressure 
of  the  oxj'gen,  but  even  when  Ibis  partial  pressure  is  reduced  to  only  13 
per  cent,  of  an  atmosphere  instead  of  the  usual  20  per  cent.,  the  blood  is 
still  93  per  cent,  saturated. 

The'  per  ocnt.  of  saturation  of  the  blood  by  oxygen  depends  upon 
several  factors;  upon  temperature,  alkalinity  or  acidity  of  the  blood, 
upon  light  and  upon  the  presence  of  salts  and  of  certain  specific  salt*. 
Since  these  factors  vary  in  different  animals,  the  per  cent,  of  saturatioi 
of  their  blood  by  oxygen  when  exposed  to  the  same  gas  mixture  vanes^ 
also. 

Blood  also  carries  carbon  dioxide  from  the  tisHucH  to  the  lungs,  where 
it  is  given  up.  This  carbon  dioxide  is  in  part  di»iolvi;d  as  suuh  in  the 
water  of  the  blood  and  the  corpuscles,  but  in  larjrer  part  it  is  present 
combined  with  other  substances  in  solution  in  the  plasma.  In  part  it 
there  in  sodium  bicarbonate  and  In  part  in  union  with  the  proteins 


ttbijr  united  wttb  the  hemoglobin,  but  not  anitef]  with  the  iron  of  th« 
benoclotiii.  The  pusa^  of  carbtm  dioxide  into  blood  from  the  tissata 
miders  the  blood  in  the  capiilaritTs  more  acid,  or  rather  I«bb  aJkolinr, 
so  that  earhon  dioxide  tii  this  vny  helps  to  turn  tho  oxj^cn  out  of  ita 
union  with  hcmo^lobto  and  so  make  it  avmiUbl«  to  th«  ttssnca.  And 
when  the  Itmgs  are  reached  the  passage  of  earbon  dioxide  outward  into 
Ihc  alTcoli  sets  free  the  alkali  to  which  the  earhou  dioxide  had  been 
attached.  This  facilitates  the  taking  up  of  oxygon  in  the  lunga.  Other 
acids  act  in  the  same  manner  as  carbon  tUoxide.  so  that  tho  pnxlucts  of 
osidatiMi  in  the  tissue^  the  organic  acids,  may  tlius  as&ist  in  providing 
the  tifiSDCs  vith  oxygen  by  which  these  proihicta  may  bo  oxidizcil. 

The  passage  of  oxygen  into  the  blood  and  carbon  dioxide  out  of 
the  blood  in  the  lungs  is  generally  supposed  to  be  duo  to  proeeaSQS  of 
diffusion  and  to  be  thus  a  physical  process.  The  pNOBura  of  oxygon  lo 
arterial  blood  is  always,  under  ordinary  eondiiiong,  lower  than  that  in 
alveolar  air:  and  the  pressure  of  carbon  dioxide  is  higher  than  lliat  of 
the  alveolar  carbon  dioxide.  A  few  observations  eiist,  however,  which 
appear  lo  indicate  that  in  lime  of  stress  (iie  lung  epilhelium  may 
actively  intcn-ene  in  tlic  process  and  actually  sccrele  oxygen  inward, 
w  that  the  preasure  in  the  arteries  may  bo  higher  than  that  in  alvooleT 
air.  The  obsen-ations,  however,  upon  which  tills  conclusion  of  the 
activity  of  the  lung  or  capillarj'  endothelium  depends  are  still  open  to 
other  interpretations.  They  do  not  conclusively  show  that  the  oxygen  \» 
thus  secreted.  It  is  also  unlikely  that  such  very  thin  plates  as  the 
alveolar  epithelium  sliould  have  a  secretory  function,  altliough  tho 
capillary  endothelium  might  It  ia  better  at  present,  therefore,  to 
conclude  that  certainly  ditTusion  is  the  principal  factor  concerned  in 
the  entrance  of  oxyg«?n  into  the  blood,  but  that  pos.sibly  at  limes  an  antive 
eoeretory  process  may  also  oasist.  Further  work  on  this  matter  must  bci 
done  before  a  definite  conclusion  can  be  drawn. 

Hemoglobin  unites,  not  only  with  oxygen,  but  with  many  other  sub- 
stances, such  as  coat  gas,  or  CO.  This  union  is  firmer  than  the  oxygen 
uniou  with  hemoglobin,  and  a  part  of  the  toxicity,  probably  tho  chief, 
and  by  some  thought  to  be  the  txilal,  action  of  the  gas  is  to  asphyxiato 
through  ita  power  of  union  with  hemoglobin,  so  that  the  blood  can  no 
longer  carry  oxygen  to  tlic  tissues. 

Laking  of  the  blood. — Blood  may  be  laked,  that  is  hemoglobin  may 
be  caused  to  pass  out  of  the  corpuscles  into  the  plasma,  by  varioiui 
agents.  Many  toxins  lake  the  blood,  particularly  some  of  those  of 
makes  and  bacteria.  Corpuscles  are  laked  also  by  small  amounta  of 
alkali,  by  Ihc  addition  of  water  to  the  blood,  by  the  action  of  ancBthctica, 
such  as  ether  or  chloroform,  by  bile  salts  and  aoaps.    Blood  may  be 
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laked  also,  iy  freezing  and  then  tha-vriog  it.  The  explanation  of  this 
laking  or  hemolysis  is  still  a  matter  of  dispute.  Some,  perhaps  the  ma- 
jority  of  observers,  consider  that  hemoglobin  is  held  in  Uie.  corpuaclea  by 
the  wall  of  the  tatter.  This  is  not  permeable  to  hemoglobin.  The  cor- 
puscles are  considered  to  be  bags,  or  little  cells,  containing  a  concentrated 
solution  of  hemoglobin.  Vr'hou  the  membrane  of  the  corpuscle  changes 
its  state  it  may  happen  that  it  becomes  more  permeable  to  the  hemo- 
globin, which  now  diffuses  out  of  the  corpuscle.  Ail  these  varioiia  lakiug 
agencies  are  said  to  act  by  affecting  the  permeability  of  the  corpuscular 
membrane. 

There  are  many  reasons  for  doubting  whether  this  explanation  is 
correct.  Hemoglobin  may  be  held  in  the  eorpuselo  by  union  wiUi  the 
stroma.  It  is  true  for  all  other  cells,  and  probably  it  is  true  for  the 
corpuscles,  that  they  are  uot  bags  filled  wilji  fluid,  but  they  are  or- 
ganized  jellies.  The  corpuscles  behave  in  many  ways  as  if  tliey  were 
such  jellies  also.  Hemoglobin  docs  not  escape,  us  one  would  expect  it 
would  if  it  were  iu  solution,  when  the  corpuscle  is  punctured  or  cut 
acnes,  but  it  stays  in  the  divided  corpuscle.  Moreover,  when  hemo- 
globin is  set  free  in  ihe  corpuscle  by  some  of  these  methods,  particularly 
in  the  very  large  cells  of  Xeeturus,  a  tailed  amphibian,  the  hemoglobin 
may  crystallize  in  the  corpuscle  itself,  which  shows  that  it  must  be  pre- 
vented in  some  way  from  crystallizing  in  the  normal  cell.  Moreover, 
the  concentration  of  hemoglobin  in  the  mammalian  corpuscle  is  greater 
than  the  solubility  of  oxy hemoglobin  in  an  equal  bulk  of  water.  For 
these  and  other  reasons  some  observers  arc  of  the  opinion  that  hemo- 
globin  is  held  in  some  Itind  of  a  loose  chemiral  or  physical  union,  pre- 
sumably the  former,  with  the  stroma  of  the  corpuscle  and  that  the 
various  hemolytic  agents  break  this  union.  It  is  not  at  all  impossible 
that  the  union  is  with  certain  reserve  valences  of  the  hemoglobin  and  the 
stroma  and  such  unions  are  very  unstable  and  easily  broken.  Stroma 
freed  from  its  hemoglobin  behaves  as  a  poison,  causing  intravascular 
coagulation.  The  hemoglobin -stroma  compound  as  it  exists  in  the  cor- 
puscle is  inert  in  this  respect.  Carbon  dioxide  protects  the  corpuscles 
from  the  hemolyt.ic  action  of  various  hemolytic  sera  ( Sawtschenko) . 

Whatever  may  be  the  explanation  of  hemolysis  the  process  itself  is 
of  very  great  interest  from  a  physiological  point  of  view.  It  may  be 
taken  as  a  type  of  the  processes  which  are  orcurring  in  all  protoplasm. 
It  is  particularly  instructive  if  the  view  be  adopted  that  1I1>  and  stroma 
arc  in  union,  for  it  indicates  that  similar  loose  unions  may  occur  in 
protoplasm  between  other  substances,  for  example  between  the  fats  and 
the  proteins,  or  between  lipins  and  proteins,  and  that  the  instability  of 
protoplasm  and  its  power  of  respondin^^  to  stimuli  of  nil  kinds  may 
depend  in  part  upon  this  fact.    It  is  well  known  that  the  presence  of  a 
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eart^  ammmt  of  salt  is  necessary  for  Uie  presi>rvation  oC  matiy  cells 
and  Uiat  if  liie  salt  i&  reduced  in  quanLily  tlie  avliviiy  of  tb«  cell  is 
profoundly  affected.  We  see  from  the  foregoing  that  Uie  composition  of 
the  corpuscle,  the  hypothetical  union  of  hcmoglohiu  and  stroma,  de- 
pends on  the  presuicf:  of  a  ci-rtain  iimoiint  of  salt  in  the  pinsina,  since 
diluting  the  plasma  increafies  the  tendency  to  hemolysis. 

Coinpo«tion  of  the  red  corpuscles. — The  red  corpuscles  consist  of 
hemoglobin  aud  stroma.  TIib  latter  tfoutaius  a  considerable  proportion 
of  phospholipin  and  cholesterol.  1,000  parts  of  orytlirocytes  contain, 
according  to  Abdcrhalden,  the  following  amounts  of  lipins: 
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J.  Hemoglobin.  Chemiatry. — a.  Occurrence  Hemoglobin  is  a 
pigtoent  which  is  widespread  iu  the  animal  kingdom  and  wliii-b  is  allied 
to  chlorophyll  of  plants  and  to  the  pigments  pbycoeyau  and  phycocry- 
thryn  found  in  olga*.  It,  or  an  allied  pigment,  occurs  in  many  of  lilo  fixed 
tisanes  of  animals,  as  well  as  in  the  blood,  as,  for  example,  in  the  striated 
miiwle  of  most  vertebrates,  in  heart  muscle,  in  the  pharyngeal  muscles  of 
many  mollusks,  such  as  Paludina,  and  in  the  phar>'n^'al  muscle  and 
ganglia  of  the  polychete  annelid.  Aphrodite.  Similar  pigmenis,  having 
the  same  power  of  combining  with  oxygen  and  giving  the  spectra  of 
hematin  and  hemochromogcn,  have  been  found  by  MacMimn  in  the 
cells  of  sponges  and  echinoderms  and  he  has  called  these  pigments  histo- 
hematins.  While  not  identical  with  hemoglobin,  they  closely  resemble  it. 
The  function  of  this  pigment  is  apparently  to  serve  as  a  storehouse  of 
oxygen,  and  MacMunn  has  suggested  that  this  was  the  original  function 
of  the  pigment  and  that  it  was  later  developed  into  a  means  of  trans- 
porting oxygen  from  the  exterior  to  the  tissues.  Besides  being  in  the 
tissues,  hemoglobin  is  found  in  tlte  blood  or  body  fluids  of  a  great  variety 
of  invertebrates  and  in  all  vertebrates  with  one  or  two  exceptions.  It 
occurs  in  Ihcse  fluids  either  in  solution,  or  confined  to  certain  small 
bodies  called  erythroc}*tes,  literally  meaning  "small  red  bodies."  In 
all  the  vertebrates  and  in  certain  lamellibranch  molhisks,  i.e.,  Arcs 
tetragona,  Pecleniculus,  etc.;  in  the  polychete,  Tercbella;  in  various 
holothurians,  i.e.,  Cucumaria  Planci,  etc.;  in  the  worm,  Thalnsscms 
erythrogrammon ;  in  the  polychete,  Capitella,  it  ia  found  in  erythrocytes. 
It  occurs  in  solution  in  the  blood  or  body  fluids  of  various  Chaitopods, 
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crustarca,  insects,  leeches,  and  even  ia  the  echinodcrm.  Opiiiactia  ii-irens. 
It  ia  clear  from  this  list  that  the  power  of  forming  hemoglobin  must  be 
very  widespread  iu  nature.    Sinc«  the  easeutial  part  of  the  molecule  con- 
sists of  various  pjTrol  nuclei,  the  power  of  lualnnfi:  such  pyrrol  nuele 
and  uniting  them  to  hematin  or  chlorophyll  must  be  a  very  gencT 
posBession  of  protoplnRin.    Hemoglobin,  or  similar  iron -containing  pig^l 
ments,  are  not  the  only  oxygen-oanying  proteins  found  in  Wood.     In 
the  blood  of  Limulus,  and  various  erustaeea  and  mollusks.  there  is  found 
a  copper-containing  protein  with  a  similar  function,  called  hemocyanin. 
This  is  a  blue  pigment  and  these  animals  are  tUc  truly  blue-blooded 
animals  of  the  sea.    Hemocyanin  coutaina  copper  iu  place  of  iron.    The 
composition  of  this  pigment  has  not  been  investigated  with  the  thorough-j 
ness  of  that  of  hemoglobin,  but  it  resembles  hemoglobin  in  its  high  histi- 
dine  content  and  in  some  other  properties.     It  is  not  so  cQlcient  an 
oxygen-carrier  as  hemoglobin  and  eannot  carry  nearly  as  much  oxygen 
per  gram  of  pigment  as  hemoglobin. 

The  development  of  hemoglobin  In  tlie  blood  has  gone  on  port  passu 
with  the  development  of  tlie  central  ner^'ous  system.  This  system  haflj 
a  very  great  need  of  oxygen.  U  is  more  dcpemh-nt  on  oxygen  tlian  any 
other  tissue  of  the  body,  and  its  cousumpt  ion  of  oxygon  per  gram  of  tissue 
appears  to  be  larger.  In  the  course  of  evolution  the  nervous  ^stem  under- 
went a  progressive  development,  presumably  because  animals  have  been 
selected  chiefly  for  brain  power.  Hcueo  as  this  system  developed  there 
developed  the  need  of  carrying  large  amounts  of  oxygen  to  it.  The 
hemoglobin  content  of  the  blood  increases  more  or  less  parallel  with  this 
growlli  of  the  ner^'Ous  system,  'thxis  man,  with  (he  largest  nervous 
system,  has  the  largest  amount  of  hemoglobin  in  his  blood.  In  humaa 
beings  there  is  normally  in  the  blood  20  per  cent. ;  iu  dogs  there  is  lessgH 
horses  and  sheep  have  still  less,  and  in  fishes  and  the  lowest  vertcbralev^H 
the  quantity  is  further  reduced.  The  amount  of  heniogtobin  in  human 
blood  is  larger  than  eould  be  held  in  solution.  This  large  amount  is 
made  possible  by  placing  the  hemoglobin  in  the  erythrocytes. 

b.  Crystalline  form.  There  is  not  a  single  hemoglobin,  but  a  whole 
series  of  hemoglobins,  each  animal  probably  having  a  hind  differing 
from  that  of  every  otlicr  species.  They  all  resemble  each  other  in  their 
main  features,  but  they  differ  slightly  iu  their  composition,  and  above  all, 
they  differ  in  their  crystalline  form. 

e.  Method  of  crystallization.  Oxyhemoglobin  crystallizes  with  very 
great  ease.  In  some  animals  in  which  hemoglobin  is  relatively  little 
soluble,  it  is  only  necessary  to  lake  the  blood  under  the  microscope  to 
produce  crystals.  The  crystals  may  even  form  in  the  corpuscles  them* 
selves,  as  in  Necturus.  Horse  blood,  guinea  pig  blood  and  squirrel  blood 
ctystallize  most  readily;  ox  blood  with  more  difSeulty.    But  all  hemo* 
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globins  may  be  cr>-stallizcd  by  tho  use  of  special  methods.  To  obtain 
large  aniountjj  of  crytftutH  in  dog's  !>Iood  it  is  only  necessary  to  lake  the 
blood  corpuscles  by  Ali&kiDf;  them  with  tolu«ne  and  placing  in  the  ice-box. 
Tho  following  methods  are,  liowover,  better. 

Hoppe-Scytef's  mcttiod.  The  JeGbrinatcd  dog  or  horse  blood  is  di- 
luted with  10  volumes  of  3  per  ceut.  suit  solutiou,  aiid  tlie  corpusiiles 
allowed  to  settle.  Tbe  superuatant  liquid  is  poured  off,  the  corpuscles 
washed  twice  witli  cold  suit  solution  aud  Jillowod  to  settle  in  a  cool  place. 
The  salt  Holution  is  then  poured  off  aud  the  mass  of  corpuscles  is  mixed 
with  its  own  volume  of  ether.  This  lakcM  the  corpuscles.  After  lolitng 
the  ether  is  separated  by  rapid  filtration,  the  filtrate  cooled  to  0*  and 
diluted  with  a  V«th  volume  of  absolute  alcohol  also  cooled  to  0".  It  is 
kept  at  — 5°  or  — 10'  until  eryalallized.  The  crystals  separated  by  centri- 
fuge or  flitratiou  are  washed  with  cold,  25  per  ceut.  aluohol,  dried  by 
pressure  aud  rccrystalUzed  by  dissolving  them  in  water  heated  to  i34*, 
cooling  and  adding  ';dth  volume  of  alcohol  as  before.  Hufiier  h&s  short- 
cned  Uic  method  by  using  the  centrifuge  and  laking  pig's  blood  by  tlie 
addition  of  distilled  water. 

Rcichert's  method.  Kcicbert  and  Brown  have  made  a  very  careful 
study  of  the  crystalline  form  of  tbe  hemoglobins  from  a  great  number 
of  animals.  Some  of  their  figures  ore  reproduced  in  Figure  50.  They 
found  that  each  speeies  of  animal  had  its  peculiar  kind  of  hemoglobin. 
The  crj'stals  of  related  animals  were  generally  similar  so  that  it  was' 
potssibic,  the  authors  thought,  to  use  the  crystalliue  form  of  oxyhemo- 
globin as  a  means  of  aiding  in  the  ctasaifieation  of  animals  and  in  dis- 
covering relationships.  It  often  happens  lliat  one  kind  of  animal  may 
have  more  than  one  crystalline  form  of  its  hemoglobin.  In  such  case 
it  is  possible  that  the  ci^stails  may  dtlfer  in  the  amount  of  water  of 
crystallhtation  that  they  contain.  This  amount  is  somctime.<!  as  much  as 
11  per  cent. ;  but  it  may  be  half  this  quantity.  The  crystals  of  oxyhemo-t 
globin  do  not  keep  well,  hut  even  in  a  vacuum  or  when  dry  they  are 
slowly  converted  in  part  to  mcthemoglobin,  become  less  soluble  and  have 
a  browni&h  color.  Nearly  all  the  crystals  belong  to  the  rhombic  system. 
The  crystals  when  eiamiued  in  polarized  light  are  pleochroic.  That  i« 
some  of  the  crystals  appear  a  brilliant  scarlet;  others  have  on  orange 
color.  This  is  due  to  the  fact  that  in  some  of  the  crj-slAls  the  light  is 
coming  through  one  axis  of  the  crystal,  whereas  other  crystals  are  so 
placed  that  light  passes  through  the  crystal  in  another  direction  and 
the  refraction  aud  dispersion  of  the  light  is  a  little  difTerent  in  the 
variou-H  axes.  The  crystals  placed  between  an  analyzer,  Nicol  prism  and  a 
polarizer,  witli  the  interposition  of  a  g>-psum  plate,  show  various  colors 
when  the  Nice!  is  rotated.  The  crj-stals  show  the  same  absorption 
spectnun  as  that  of  the  solution,  except  that  the  distance  betwei^n  the 
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two  absorption  bands  is  a  little  greater  when  tlie  light  comes  Uirough 
one  axis  of  the  crystal  than  when  it  passes  tliruugh  uiiatliL'r  axis.  Ke- 
duced  hemoglobin  c]->'8tallizeg  with  grt^ater  dilJieiiity  than  oxybemoglobin. 

d.  Properties  of  oxyhemoghbin.  The  aohibility  is  increased  by  the 
addilion  of  very  sniali  amouulfi  of  alliuli.  IL  is  not  procipit«.t«d  by 
NaCL  or  UffSO,  added  to  saturation;  it  is  precipitated  by  (NH4),S0( 
beginning  to  precipitate  when  about  two-thii-da  saturated  and  eontinuing 
until  ^ftturation  is  reached.  It  resembles  in  this  property  the  albumins. 
It  ifl  soluble  in  distilled  icator,  but  not  Bolublo  in  aleoliol  or  ether. 
Alcohol  renders  it  insoluble  and  makes  metliemoglobin.  It  is  a  weak 
acid,  goes  to  the  anode  on  passing  an  electric  current  tlirough  thu  solu- 
tion, and  the  isoelectric  point,  tltat  is  the  point  of  minimum  dLs^iociaiioii, 
Is  at  a  concentration  of  11  ion«  of  l.SXW~'.  Acids,  even  when  dilute, 
and  alkalies  decompose  it  into  homatin  and  globiu.  It  in  not  precipitated 
from  solution  when  neutral  by  CuSO„  FeSO,,  AgNO,  or  IlgCl,,  nor  by 
lend  acetate.  Metliemoglobin  is  prceipitaled  by  lead  acetate.  Oxyhcmo- 
giobiu  ifi  procipitalod  tiy  CHCl,  at  55°  and  the  precipitate  is  insoluble 
in  water.  When  heated  oxyhemoglobin  coagulates  at  64'  and  decomposea, 
setting  fret;  hematin.  An  alkaline  solution  luxated  doea  not  coagulate 
but  bcgiua  to  ducouipofic  at  !)4'.  Oxylicmogtobiu  is  dcxtro>rotatory, 
(of)o=  +  10.4  (Gamgce).  The  globiu  componcut  is  lcvo-rotator\- 
<«),.  =-54.2" 

e.  Absorption  spectrum.  The  spectrum  depends  on  the  concentra- 
tion. Strong  solutions  abiiorb  from  the  riolet  end  clear  to  the  red ;  weaker 
solutions  show  two  absorption  bands  belwci^n  D  and  E.  The  centers  of 
these  bands  are  for  n  at  576  fifi ;  /i  at  ij37  fi,u  ;  there  is  also  an  absorp- 
tion band  in  ttia  ultra-violet, k>  at  414;'/j.  The  relation  of  the  widtli 
of  the  absorption  band  t-o  the  conecntraticm  itt  shown  in  Figure  51,  from 
RoUet,  in  which  the  spectrum  is  plotU^  on  the  abscissa  and  the  con- 
centration on  the  ordinate.  The  depth  of  solution  looked  through  is  in 
each  case  1  cm.  Reduced  Qb  has  a  single  absorption  band  be- 
tween T)  and  K. 

It  is  tlte  absorption  of  green  and  bhie  light  n-hLcli  makes  hem^oglobin 
look  red.  It  is  possible  that  this  abuirptiou  of  blue  tight  is  of  sen'ice  to 
the  organism  in  tliat  it  helps  to  protuci  tlie  tissues  from  tlie  more  active 
blue  light. 

f.  Quantitative  determination  of  the  amount  of  hemoglobin  and  oxy- 
hemoglobin. Various  clinical  methods  for  the  determination  of  the 
amount  of  hemoglobin  in  the  blood  are  given  in  the  practical  part  (pag« 
922),  and  need  not  be  repeated  here.  For  the  accurate  detonni  nation 
of  tJie  amount  of  oxyhemoglobin  prewuil,  even  in  the  presence  of  other 
pigments  which  do  not  have  the  same  abBori)tion  spectrum,  the  beat 
method  is  that  of  the  spectrophotometer.    This,  as  its  name  implies,  is 


■ 


IM 


PHYSIOLOGICAL   CHJiMlSTRV 


a  spectroBoope  so  uranged  as  to  measure  the  'mtematy  of  the  absorption 
of  any  light  ray  desired,  but  a  description  may  be  omitted  in  a  work 
of  Uiis  oLaracter.  Tlie  iutensity  of  the  absorption  of  the  light  is  a 
Rimple  function  of  the  eoiiccjilralion  of  tiie  heoiogiobin.  The  product  of 
tlie  concentration  by  the  dt^ptti  of  solution  through  whieh  tlie  light  has 
to  pass  in  order  to  pro<iui.'e  the  ttbsorptiou  of  a  given  proportion  of  the 
incident  light,  say  nine-tentlis,  is  a  constant.  If  c  is  the  conceuti'ation 
of  the  hemoglobin,  i  the  reciprocal  of  the  depth  expressed  in  conti- 
meters  necessary  lor  the  absorption  of  nine-tenths  of  the  light,  f  is 
called  the  coefficient  of  extinction,  then  c/f  —  a  constant  A.  A  being 
once  determined  if  c  or  «  is  known  the  otlicr  may  be  found. 

g.  Vompo»Uion.  Although  the  hemoglobins  diUer  among  themselves 
tbey  are  all  alike  in  their  general  comi>08ition.  Tliey  are  all  ooujugaled 
proteins,  that  is  tbey  break  easily  into  a  simple  protein,  called  glubiu, 
aud  an  iron  coulaiuiug  radicle,  which  is  hematiu  if  oxyhemoglobin  is 
broken  up,  or  hemocbroiuogeu,  if  heuioglobiu  is  broken  up.  Hemo- 
chromogcn  is  reduced  hematiu.  This  dceompositioa  is  cosily  brought 
to  pass  citlier  by  the  action  of  dilute  acids  or  alkalies,  or  by  boiling 
hemoglobin  or  by  the  action  of  digestive  juices.  The  following  table 
shows  some  of  the  results  of  the  elementary  aual^'sis  of  hemoglobin  by 
varioufi  observers : 
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It  will  be  noticed  in  the  forcgoinR  tabic  that  in  dog's  hemoglobin  there 
are  three  aulphur  atoms  to  one  iron  atom;  while  in  horse  hemoglobin 
there  ore  two  sulphurs  to  one  iron.  The  sulphur  of  oxyhemoglobin,  or 
of  globin,  is  not  split  off  by  tbe  action  of  alkali.  .Taquet  states  that 
neither  hen,  horse  nor  dog  hemoglobin  eontaius  sulphur  in  a  form  which 
can  be  split  off  by  the  action  of  alkali  aud  lead  acetate.  If  an  alkaline 
oxyhemoglobin  solution  is  cooked  after  Ibo  addition  of  a  few  drops  of 
MgClt  solution  the  hematin  split  off  is  precipitated  witli  the  Mg  (OH)^ 
leaving  an  almost  colorless  solution.  This  alkaline  solution  of  gtobin 
contains  do  sulphur  precipitable  by  lead  acetate  aa  sulphide,    The  small 
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attached  to  the  hematin  molecule  in  place  oC  one  very  lai^  molecule 
like  tbe  above.  Qlobiu  is  a  liistotie-like  body  iMnlainlug  rather  more 
nitrogen  Ib&n  most  proteins,  about  17  per  cent.,  and  somewhat  mor« 
carbon.  It  is  like  hitdone  in  the  faet  that  it  is  not  dissolved  by  ammonia 
in  the  presence  of  ammoniiiiu  chloride,  and  in  the  particular  that  it 
yields  a  very  large  amount  of  the  basic  Kmino-acidB,  namely,  aboat  11 
per  cent  of  histidine,  5.4  per  rent,  of  arginine  and  4.3  per  cent,  of  lysine. 
For  the  preparation  of  histidine,  blood  corpuscles  arc  most  commonly 
;a86d.  tilobio  is  insoluble  in  water,  but  readily  soluble  in  alkalies  sad 
'  acids ;  it  is  coagulated  by  heat,  but  the  coapilum  ia  readily  dissolved  by 
aeids  (Schulz).  It  is  interesting  that  the  analogons  blood  pigment, 
hemoeyanin,  also  yields  a  large  amount  of  histidine  on  hydrolysis.  The 
other  amino-aeids.  are  Iliosse  ordinarily  found  in  proteins,  as  may  bo 
^aeen  in  the  table  on  page  129,  the  percentage  of  leucine,  namely  29  per 
cent.,  being  rather  lai-gcr  lliau  usual.  It  is  rather  iuten^tiug  that,  al- 
though globin  is  so  strongly  basic  itself,  yet  it  fonus,  when  united  with 
hematin,  an  elect ra- negative  colloid.  This  is  due  to  the  fact  that  hematin 
is  an  acid.    Concerning  the  nature  of  the  union  between  hematin  and 
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and  cholcsterin  liarc  the  power  of  dissolving  more  aneatlielic  than  water 
alone ;  but  there  may  be  in  addition  &  union  vrilh  the  hemo^lobiu,  which 
will  retard  its  oxygen -carrj-ing  capacity,  and  thus  play  a  part  in 
auesUiesia.  Particularly  vhloroform  from  its  greater  chemical  activity 
maj-  be  supposed  to  act  in  this  way.  The  obsorx'ations  of  Buekmastcr 
and  Ganlener  .iliow  that  anesthetics  in  some  way  or  other  do  lower  the 
oxygen -rarrj'ing  capacity  of  the  blood. 

I.  Summary  of  the  oxygen-carrying  capacity  of  the  blood.  Wc  may 
now  briefly  summarize  the  di&coaaiou  in  the  previous  pages.  The  blood 
contains  in  the  red  blood  corpuscles  a  red  pigment,  hcmogloVm,  which 
in  probably  in  union  with  the  stroma,  llcmoglobin  has  the  property  o£ 
uniting  with  molcenlar  oxygen  and  giving  it  off  again  in  a  molecular 
form.  In  virtue  of  this  property  the  blood  ia  able  to  untto  with  consider- 
able qnantilies  of  oxygen  in  the  lungs  to  form  oxyhemoglobin,  which  is 
of  a  scarlet  color,  and  to  carry  oxygen  to  tlie  tissues,  which  take  the 
oxygen  away  in  virtue  of  their  reducing  poweni.  In  the  tissues  the 
preasaro  of  the  oxygen  ia  extremely  low,  and  in  virtue  of  this  fact  oxygen 
dimociatCK  from  oxyhemoglobin  and  enters  the  tis-sucs.  The  oxy- 
hemoglobin ia  thus  partially  reduced  and  the  blood  changes  to  the  purple 
color  of  venous  blood,  due  to  the  presence  in  it  of  hemoglobin.  The 
amount  of  oxygen  in  the  arterial  blood,  as  it  leaves  the  lungs,  is  different 
in  different  individuals  and  in  different  animals,  and  it  depends  in  the 
firat  instance  on  the  amount  of  hemoglobin  there  is  in  one  cubic  centi- 
meter of  blood.  But  in  general  there  can  be  extracted  from  100  c.c. 
hnman  arterial  blood  about  19-20  c.c.  of  cxygcn  gas,  measured  at  0*  and 
760  mm,  of  ITb  pressure.  Prom  venous  bloo<l  less  oxygen  can  be  ex* 
traded,  the  average  amount  being  in  human  beings  about  15  ce.  of 
oxygen,  although  it  may  under  circumstances  be  less.  The  amount  of 
oxygen  taken  up  by  the  blood  depends,  in  part,  upon  tlic  partial  pressure 
of  the  oxygen,  but  even  whi-n  thw  partial  pressure  is  reduced  to  only  13 
per  cent,  of  an  atmosphere  in.Ht«ad  of  the  usual  20  per  cent.,  the  blood  is 
stilt  93  per  cent,  saturated. 

The'  per  cent,  of  saturation  of  the  bitmd  by  oxygen  depends  upon 
several  factors;  upon  temperature,  alkalinity  or  acidity  of  the  blood, 
upon  tight  and  upon  Uie  presence  of  salts  and  of  certain  specific  salta. 
Since  these  factors  vary  in  different  animals,  the  per  cent,  of  saturation 
of  their  blood  by  oxygen  when  exposed  to  the  same  gas  mixture  varies 
also.  ^1 

Blood  also  carries  carbon  dioxide  from  the  tlsKues  to  the  lungs,  whera^H 
it  is  given  up.    This  carbon  dioxide  is  in  part  dissolved  as  such  in  the^^ 
water  of  the  blood  and  the  corpuscles,  but  in  larger  part  it  is  present 
combined  with  other  substances  in  solution  in  the  plasma.    In  part  it  ia 
there  in  sodium  bicarbonate  and  in  part  in  union  with  the  proteins  of 
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the  blood  plasma.  It  ir  also  carried  in  the  red  blood  corpuscles,  preaum- 
ably  united  with  the  hemoglobin,  but  not  united  with  the  irou  of  the 
hemoelobiQ.  The  passage  oE  carbon  dioxide  into  blood  from  the  tissncs 
renders  the  blood  in  the  eapillarieR  more  acid,  or  rather  less  alkaline, 
so  thai  earbon  dioxide  in  this  way  helps  to  turn  the  ojiygen  out  of  its 
union  with  hemoglahin  and  no  make  it  available  to  the  tissues.  And 
when  the  lungs  are  reached  the  passage  of  carbon  dioxide  outward  into 
tlie  alveoli  sota  free  the  alkali  to  which  the  carbon  dioxide  bad  been 
attached.  This  facilitates  the  taking  up  of  oxygen  in  the  longs.  Other 
acids  ad  in  the  same  manner  as  carbon  dioxide,  so  that  the  products  of 
oxidation  in  the  tissues,  the  organic  acids,  may  thus  assist  in  providing 
the  tissHPs  with  oxygen  by  which  the-se  products  may  be  oxidized. 

The  pa.ssage  of  osygen  into  the  blood  and  carbon  dioxide  out  of 
the  blood  in  the  lungs  is  generally  supposed  to  he  due  to  processes  of 
diffusion  and  to  be  thus  a  physical  process.  The  pressure  of  oxygen  in 
arterial  blood  is  always,  under  ordinary  conditions,  lower  than  that  in 
alveolar  air;  and  the  pressure  of  carbon  dioxide  is  higher  than  that  of 
the  alveolar  carbon  dioxide.  A  few  observations  exist,  however,  which 
appear  to  indicate  that  in  time  of  stress  the  lung  epithelium  may 
actively  intervene  in  the  process  and  aetunlly  secrete  oxygen  inward, 
90  that  the  pressure  in  the  arteries  may  be  higher  than  that  in  alveolar 
air.  The  observations,  however,  upon  which  this  conclusion  of  the 
activity  of  the  long  or  capillary  endothelium  depends  are  still  open  to 
other  interpretations.  They  do  not  conclusively  show  that  the  oxygen  is 
thus  secreted.  It  is  also  unlikely  that  such  very  thin  plates  as  the 
alveolar  epithelium  should  have  a  secretorj-  function,  although  tho 
capillary  endothelium  might.  It  is  bHtter  at  present,  therefore,  to 
conclude  that  certainly  diHnision  is  the  principal  factor  concerned  lu 
the  entrance  of  oxygen  into  tlie  blood,  but  that  posjiihly  at  times  an  active 
secretory  process  may  also  assist  Further  worlc  on  this  matter  must  be 
done  before  a  definite  conclusion  can  be  drawn. 

Hemoglobin  unites,  not  only  with  oxygen,  but  with  many  other  sub- 
stances, such  as  coal  gas.  or  CO.  This  union  is  firmer  than  the  oxygen 
union  with  hemoglobin,  and  a  part  of  tho  toxicity,  probably  the  chief, 
and  by  some  thought  to  be  the  total,  action  of  the  gas  is  to  asphyxiate 
through  its  power  of  union  with  hemoglobin,  so  that  tho  blood  can  no 
longer  carry  oxygen  to  the  tissues. 

Laking  of  the  blood.— Blood  may  be  Jalccd,  that  is  hemoglobin  may 
be  caused  to  pass  out  of  the  corpuscles  into  the  plasma,  by  various 
agents.  Many  toxins  lake  the  blood,  particularly  some  of  those  of 
Boakes  and  bacteria.  Corpuscles  are  laked  also  by  small  amounts  of 
alkali,  by  the  addition  of  water  to  the  blood,  by  the  action  of  anesthetics, 
such  as  ether  or  chloroform,  by  bile  salts  and  soaps.    Blood  may  be 
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Tlie  composition  of  some  of  Lbeae  bodies  lias  already  been  indicated  on 
pa^  41G.  Xl  is  Uie  general  opiuioa  that  tlic  molecule  of  hematoporphyrin 
contains  four  substituted  pyrrol  nuclei,  but  the  exact  maimer  in  which 
Uiese  are  arranged  is  still  uncertain.  There  is  atill  some  uncertaiaty 
about  the  molecular  size,  but  the  probability  is  that  Uie  molecule  eoutains 
only  four  pyrrol  nuclei,  It  is  both  an  acid  and  a  base,  formine  true 
salts  with  acids  and  bases.  It  is  closely  related  to  biUrubiu  In  structure 
and  it  is  tlie  mother  subKtauce  of  Uio  bile  pigments.  JVla(;Muim  says  tliat 
hematcporphyrin  is  one  of  the  pigments  found  in  the  shell  of  birds'  eggs 
and  that  it  is  the  pigment  of  Ura-stcr  nibeiis-  of  various  molluskK,  such 
us  Limax  and  Ariun  ;  and  of  humbricus  and  Actinia.  As  a  copper  com- 
pound it  is  found  us  a  pigment  in  the  feathers  (Laidlaw)  of  birds  of  the 
genus  Mucophaga.  It  occurs  in  small  amounts  in  the  urine  and  in 
largur  quantities  after  sulphocal  and  in  some  pathological  conditions. 

k.  Hcmochromogcn.  This  is  i-educed  hematiu.  It  is  formed  hy  the 
action  of  aeids  or  alkalis  on  hemoglobin,  or  It  may  be  formed  by  the 
reduction  of  hematin.  It  oxidizes  spontaiieously  in  the  air  juid  forms 
bemotin.  It  loses  its  iron  more  easily  than  hematin  and  forms  hema- 
toporpbyrio.  Like  hemoglobin,  one  molecule  unites  with  one  molecule 
of  CO  and  probably  one  of  UCN.  The  union  of  hemochromogen  with 
oxygen  is  apparently  more  stable  than  that  with  carbou  monoxide,  since 
oxygen  will  readily  turn  Uie  latter  out  of  its  union  with  hemochromogen, 
but  not  with  hemoglobin.  This  shows  tlml  the  lirmucss  uf  the  union  be- 
tween tlie  gas  and  tlie  chromogenic  radicle  is  affected  by  the  presence  of 
the  globia  radicle.  Tbere  is  still  some  (juestion  as  to  the  amount  of 
oxygen  combined  with  Iiemochromogen  to  make  hematin.  It  was  observed 
by  Ham  and  Balean  that  when  hematin  is  formed  from  oxyhemoglobin 
by  the  action  of  strong  acid  some  oxygen  is  set  free,  and  the  amount 
was  about  equal  to  one-half  that  which  was  set  free  from  oxyhemoglobin 
by  the  action  of  ferricyanide  of  potassium.  Oxygen,  moreover,  cannot  be 
pumped  out  of  tlie  hematin  solution  t.o  form  hemo(;hromogen.  In  this 
porlieular  the  state  of  the  oxygen  in  hematin  would  apppar  to  be  more 
Dearly  that  in  methemoglobin.  If  carbon  monoxide  hemoglobin  is  acted 
upon  by  acid  a  carbonyl-hemochromogcn  is  obtained.  The  union  is  one 
molecule  of  CO  to  one  molecule  of  hemochromogen.  The  carbon  mon- 
oxide can  be  displaced  by  a  current  of  hydrogen.  Nitric  oxide  also  forms 
a  moLeeular  and  firm,  red-colored  compound  with  hcmoebromogen. 
(Linossier). 

Uemocbromogeii  may  be  easily  prepared  from  blood  or  hemoglobin  by 
adding  to  solutions  of  the  latter  some  solution  of  hydrazine  hydrate,  5 
per  cent.,  in  10  per  cent,  sodium  hydrate.  The  spectrum  of  hemo- 
ehromogen  appearK.  On  shaking  witli  tur  that  of  hematin  temporarily 
appears,  but  is  quickly  reduced.    The  alkaliue  solution  of  hemochromo- 


\ 


d 


THE  BtX)OD.     THE  CIBCULATINO  TI8SUB 


SOS 


gen  is  cherry  re<l.  It  lias  abftorption  bunds  in  the  grera  bfitvMD  D  and 
E  nearer  J)  (567-547  ;v*  mea"  at  559  MM)  ao<l  one  lisa  well-defined 
from  E  to  b  (532-51S  ^tft  ;  mean  at  525  fi/i).  In  the  nitra-violet  there 
13  one  Ijetween  h  and  g  al  420  (jm  (flamgee).  In  air  solutions  oxidize 
readily  and  lake  tlie  brown  color  of  hcmatin.  It  dilT«r.s  from  hematin 
particularly  in  it«  sensitivity  to  acids.  Even  dilute  aeidu  transform  it 
into  hemalopor[)l!yrin,  wtionrftH  ln'matin  is  di'M-idnlly  resistant  to  acids. 
3.  The  blood  as  the  carrier  of  waste  substances. — This  is  the  third 
great  function  of  the  blood.  All  kinds  of  waste  materinla  are  found  in 
(he  blood  in  eolation  iu  the  plasma.  The  blood  earrieR  them  from  the 
tisKUoa  to  ihe  kidtieys  and  oUmr  exuretory  organs.  Some  of  these  Rub- 
HtanveK  contribute  to  the  eompotiition  of  the  niedlnin  in  which  the  cells 
are  aecustoraed  to  work  and  they  are,  Ihrrofore,  important  farters  in 
their  environments.  Thus  wliile  iirt-a  and  rarbon  dioxide  are  waste 
materials  and  generally  regarded  only  a^  excretory  substances  flome,  and 
poasibly  all  the  eells  of  the  body,  work  better  when  they  are  present 
in  the  blood  in  the  usual  amoanta.  As  they  thus  condition  the  activities 
of  cells  they  may  be  regarded,  alio,  aa  honnouea.  TImli  carbon  dioxide 
helps  to  rouse  and  regulate  the  respiratory  eeuler;  and  the  heart  boats 
with  greater  vigor,  in  some  of  the  lower  vertebrates  at  any  rate,  when 
there  is  a  small  amount  of  urea  present.  The  amount  and  eharacter  of 
various  waste  products  found  in  the  blood  is  shown  in  the  adjoining 
table.  There  are  many  which  are  not  mentioned  in  this  table,  since 
nearly  all  the  numerous  substances  excreted  in  the  urine  have  been  in 
the  blood. 

AeCCKCLATlOS     OP     NlTROOKNOtlS     WVBTE     PUftOUCTS     t!f     BIjOOO     UKDEB     VaRIOITB 

CoptoniowB.' 
Mas.  PER  100  Okahb  Oixmo. 


CvBdlUon  «f  d)M  ind  htaHb 


Normal,    purinn'fr<><>.    high    N    diet. 

Urinary  K  24  groniB  

KonnalCt)  Urinary  N  I"  grams 
Normal.     Low   K.     Urinary   N   8,2 

grams    -  -  - 

Normol.     Urlnnry  K  4.S  grfLtns   .... 
Toxemia  3  win-kB  afUr  tMWrrj  . 
Typhoid  feror.  104*.    Second  wrk  .  , 

Urmnia   - 

Uremic ••<* 

Urentii^  cQavnlsiona 

Cfironlo  nepliri  lis 

Pnoumonin  (bcrots  cri»i8)      .    ..    ... 


Non- 
protdB 

N 


O.BB 
1.0 


llTte 
Add 


8.0 


Crail. 
Inloe 


Cr»alfn- 
Im  and 
eicatlne 


4S.0 
27.0 
13.0 

20.0 


'Folia  uid  Denlsi  Jovr.  BM.  Ohem.,  IT,  p.  499,  1914. 
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4.  Blood  as  a  distributor  of  Internal  secretions.  Its  co-ordinating 
function. — Tlie  blood  plan's  a  verj-  importaut  part  in  the  metabolic  co- 
ordination of  the  body.  It  carries  from  one  organ  sabstauces  elaborated 
there  and  which  are  necossary  for  the  ffrowth  and  normal  life  of  tissues 
in  other  parta  of  the  body.  One  of  the  first  of  these  internal  secretiona 
(internal  because  socreted  ioto  the  blood)  to  be  recognized  was  that  of 
the  sexual  glands.  The  metabolic  products  of  these  glands  in  some  way 
or  other  determine  the  development,  or  aid  in  the  control  of,  the  so-e&Ilcd 
secondary' sexual  characters.  Thus  oxen  are  proverbially  less  fierce  than 
bolls,  their  bodies  have  a  different  sliape,  their  horns  are  larger.  Many 
other  oi^ans  besides  the  sexual  glands  produce  internal  secretions,  which 
are  necessary  for  the  deTelopmcnt  of  other  organs.  Thus  the  develop- 
ment of  the  long,  silky  hair  and  smooth  skin  of  human  beings,  the  de- 
velopment of  the  skull  and  intelligence,  depend  upon  the  thyroid  gland. 
The  metabolic  produets  of  this  gland,  iFhatever  their  nature,  are  sup- 
posed to  find  their  way  into  the  blood  and  to  be  distributed  by  that 
tissue  to  the  tissues  which  need  them.  In  this  way  the  blood  plays  the 
part  of  a  middleman,  or  a  system  of  transportation  in  human  society. 
The  blood,  after  the  nervous  system,  is  the  most  important  co-ordinating 
agency  in  the  body.  These  internal  secretions  are  probably  present  in 
Uie  blood  in  very  small  quantities.  They  are  probably  in  solution  in  tlie 
liquid  part  of  the  blood.  Their  nature  will  be  considered  in  the  chap- 
tCi-8  wliioh  deal  with  the  glands  which  produce  them.  (Cr>-ptorhetic 
tissues.    Chapter  XVL) 

5.  Physico-chemical  factors  of  the  blood  important  in  its  circula- 
tion. Its  viscosity;  coagulation. — Under  this  heading  wilt  be  considered 
the  physical  chemical  features  of  the  blood,  which  are  important  In  its 
functioning  as  a  circulating  fluid.  The  most  important  of  these  char- 
acters  is  its  viscosity.  The  blood  must  be  a  liquid  in  order  to  penetrate 
freely  all  parts  of  the  body.  In  order  tliat  the  blood  should  be  driven 
in  a  constant  stream  through  the  capillaries  of  the  tissue  it  must  be 
kept  at  a  high  pressure  in  the  arteries.  The  pressure  of  the  blood  in  the 
arteries  is  maintained  by  the  contraction  of  the  heart,  which  constantly 
pumps  blood  into  the  arterial  system,  and  by  the  peripheral  rpsistance 
in  the  arterioles  and  capillaries  which  prevents  the  blood  running  too 
rapidly  through  the  capillaries.  This  peripheral  resistance  may  he 
diminished  or  increased  by  widening  or  narrowiug  the  patli  of  the  blood 
by  diluting  or  contracting  th«  arterioles;  but  it  may  also  be  changed 
by  variations  in  its  viscosity. 

Viscositi/  of  the  blood.  By  the  viscosity  of  a  liquid  is  meant  stick- 
iiiMS,  or  the  resistance  it  opposes  to  flowing  or  changing  its  shape.  A 
perfect  gas  bos  no  viscosity.  The  moteeutcs  are  so  far  apart  that  their 
size  and  mutual  attractions  in  no  way  affect  the  freedom  of  their  move- 
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"inents.  In  liquids  the  size  of  the  molecules  relative  to  the  space  be- 
tween them  is  so  largo  that  the  molecules  get  in  each  other's  way  and 
limit  their  freedom  of  movement.  This  resiatancc  to  frwdom  of  movft- 
mont  duo  to  eoliesion  and  tlie  space  occupied  by  the  molecules  is  known 
as  tlio  vis(?osity.  In  determining  the  viscosity  of  a  pure  Uqnid,  or  of  a 
liquid  eontaiiiing  molecules  in  solution,  molecular  size  and  cohesion  ore 
the  determining  factors.  When  the  liquid  contains  substances  in  sua- 
pcnsion  in  it  if  the  amount  of  this  material  is  small  compared  with  the 
total  space  of  the  liquid  there  wilt  be  little  cluinge  in  the  viscosity 
from  that  of  a  true  solution,  but  when  the  amount  of  added  material 
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becomes  large  enough  to  compare  with  the  bulk  of  the  liquid  then  the 
visrosily  is  increased.  Water  containing  colloidal  mt*lals  or  clay  in  sus- 
pension has  its  riscosity  very  little  changed  until  the  amonnt  of  clay 
is  large.  If,  however,  the  substances  in  suspension  have  a  marked  affinity 
for  water  so  that  the  substance  is  united  cheniically  or  physically  with 
several  molecules  of  water,  thus  making  what  Naegeli  called  a  micella, 
or  what  we  may  call  a  hydrophile  or  emolsoid  colloid,  then  the  viscofli^ 
is  more  or  less  increased. 

In  blood  the  viscosity  is  affected  by  \he  eorpuscloa  which  are  in  sus- 
pension and  by  the  proteins  which  are  in  solntion.  Blood  eonsistM  to 
nearly  half  its  volume  of  corpuscles,  so  that  its  viscosity  is  much  preater 
than  that  of  a  salt  solution,  owing  to  this  fact.  And  in  the  second  place 
the-proteins  are  markedly  soluble.  They  are  hydrophyl  colloida  They 
may  change  their  state  so  as  to  bind  more  or  less  water.  There  is  about 
8  per  cent,  of  protein  and  this  is  sufficient  to  make  the  viscosity  of  the 
plasma  greater  than  water. 

MeasMrtment  of  viscosity.    The  viseosity  of  a  liquid  is  measured 
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by  an  instrument  called  a  viscosimctor.  There  arc  variouB  forma  o£  tliia 
instriuQent.  One  is  figured  in  Figure  52.  Tbe  method  consists  «8scn- 
tinily  in  measuring  the  time  required  for  a  eiven  bulk  of  a  liquid  to 
flow  through  a  small  opening  or  I'apiUary  Lulie  under  a  eonittant  tem- 
perature. One  can  u.<te  so  iiimple  a  plan  as  tlie  time  required  for  a 
liquid  to  flow  from  a  pipetts  and  compare  tlie  lime  with  that  taken  by 
water  under  similar  conditions,  the  viscosity  of  water  being  taken  as 
unity.  If  it  takes  twice  as  long  for  plasma  to  paas  as  for  water,  the 
viscosity  of  the  plasma  is  said  to  be  2. 

Viscosity  oE  the  blood. — The  viscosity  of  mammalian  blood  is  about 
4.4-5.5.  The  viscosit)'  of  plasma  or  sertim  is  much  greater  than  that  of 
water.  At  38'  it  is  1.78-2.09  (Bence.  Burton-Opitj!) .  The  viBcosily 
diminishes  mth  a  rise  of  lemperaiure  unii!  coagulation  is  n^ai!hed.  This 
high  viscosity  of  the  plasma  and  serum  is  due  to  the  proteins  in  it.  A 
dilute  salt  solution  has  about  the  same  viscosity  as  that  of  WHl«r. 

The  viscosity  of  blood  is  much  greater  than  that  of  serum,  owioglo 
the  corpuscles  in  the  blood  and  is  much  inSuenced  by  their  tendency 
to  dump.  The  viscosity  is  a  function  of  the  number  of  corpuscles,  as 
may  be  seen  in  the  following  figures  (du  Pre*  Demming  and  Watson) : 


No.  «(  blooil 

0 

5.2  x  tO< 

6.3  X  10' 
I2.«  X  ID- 


Vt>e««l!j  ol  »rTuni 
1-  +  corpuacle* 

L* 
»Ji 

4.9 

1B.S 


The  figures  are  for  horse's  blood  at  32.2".  The  corpuscle  numbers  an 
for  cubic  millimeters.  The  high  vi<t(^osity  of  the  last  number  is  probably 
due  to  a  partial  bltKrkiag  of  the  snuiU  capillaty  opening  by  the  clumped 
corpuscles.  The  viKcosity  of  the  blood  appears  for  tliis  reason,  unlike 
that  of  water  or  a  true  solution,  to  increase  with  the  diminution  of  the 
size  of  thi:  capillary.  A  capillary  of  2  mm.  diameter,  a  wide  cnpillary, 
gives  Uie  more  reliable  flgnres.  It  is  clear,  however,  that  in  tlic  living 
body  a  narrowiog  of  the  capillary  path  wilt  have  the  effect  of  appar- 
ently increasing  the  viscosity  of  the  blood  for  the  reason  just  stated. 

The  effect  of  temperature  on  the  viscosity  of  the  blood  is  marked. 
At  37*  the  vuwoaity  is  alMiut  16  per  cent,  less  than  at  17'  so  that  varia- 
tions of  temperature  of  5',  whirh  is  within  the  limits  of  fever,  may 
change  the  viscosity  of  the  blood  about  4  per  cent.  The  viscosity  of 
honian  blood  in  the  mean  is  about  5.1  (Dcech  and  Hirsch).  It  may  vary 
between  4.73  and  5.89  at  38'.  Since  carbon  dioxide  causes  an  imbibition 
of  water  by  the  corpuscles  and  an  increase  in  their  siise  the  visoosify  ia 
increased  by  carbon  dioxide  and  diminished  by  oxygen.  Ucncc  the 
viscosity  of  venous  blood  is  greater  than  that  of  arterial  blood. 
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Id  dyspnea  Uic  viscosity  is  incroascd.  In  dogs,  hnng^r  diminishes  tha 
vigcosity  (Burton-Opibi),  &  tne&t  dial  increases  it  most;  a  earboliydrata 
and  fat  diet  produces  a  in(>diiim  eSeci. 

The  blood  <.>out&ins  a  special  medhaniRin  for  affecting  iti;  vUK'OKity 
quite  apart,  from  those  factors  tims  far  mentioned.  This  is  itji  pow^r 
of  dotting,  or  couRuLation.  By  clotting  Uic  vim^osity  of  tlm  blood  br- 
coracfl  HO  great  that  fluidity  is  lost  and  the  blood  is  converted  into  a 
jolly  like  solid.  This  power  of  clotting  ia  of  great  service  to  the  body  in 
preventing  hemorrhage,  but  it  is  not  impossible  that  a  partial  coQ^lation 
takes  place  iu  certain  regions  of  the  circulation,  causing  a  great  increase 
in  the  vinoosity  and  peri])hfral  resistance  in  these  regions.  This  would 
cause  a  very  high  intracapillary  pressure  and  might  contribute  to  a 
resulting  cdeiiia.  The  tendency  to  dotting  is  alway.^  present.  Kven  a 
sluggish  movement  of  ihc  blood  in  the  veins  may  result,  in  certain  speeial 
circumstances,  in  a  premature  permanent  clotting,  or  thrombosis.  This 
happens  sometimes  after  anesthesia,  which  increases  coagulability,  or 
after  parturition  while  the  patient  is  lying  flat  in  bed.  Clotting  is  due 
to  the  conversion  of  one  of  the  soluble  proteins  of  the  blood  plasma,  tho 
£brinogen,  into  au  insoluble  form  of  fibrin.  This  fibrin  comes  out  in 
the  form  of  a  net  which  entangles  the  corpuscles  and  water  and  makes  a 
jelly-like  clot.  Without  considering  at  this  point  the  nature  of  the 
change  in  the  fibrinogen  and  the  cause  of  the  change,  we  may  briefly 
examine  tho  reasons  for  thinking  that  this  change  may  perhaps  nor- 
mally occur  to  a  slight  e.^ctent  and  thus  change  the  viscosity  of  the  blood. 
The  chief  reasons  are  the  following: 

An  extremely  small  amount  of  formation  of  fibrin  from  fibrinogen  is 
Rufiicient  to  change  enormoiisly  the  vLscosity  of  the  blood.  Tho  eon- 
vemion  of  .001  per  cent,  of  fibrinogen  into  fibrin  is  able  to  change  blood  to 
a  condition  where  it  will  hardly  flow,  hut  behaves  as  a  gel.  Even 
less  than  this  will  greatly  aPfect  its  viscasity.  If  this  happened  in  n 
certain  part  of  tho  kidney,  for  example,  tho  effect  might  be  greatly  to 
increase  the  pressore  in  the  capillaries  of  the  glomei-uli  and  thus  to  in- 
crease the  filtration.  There  is  in  the  arterial  blood  entering  the  kidney 
generally  about  0.1  per  eent.-0.2  per  cent,  of  fihrinoRen.  In  tho  blood 
of  the  kidney  vein  there  are  always  a  few  hundredths,  or  thotisaiidtlis 
of  a  per  cent.,  leas  than  in  lh«^  arteries.  What  becomes  of  this  fibrinogen 
which  thus  disappearu  has  never  been  entirely  explaine*!,  although  Kolf 
su^ealed  that  it  deposited  on  the  endothelial  ncUs.  It  is  not  now  be- 
lieved that  it  is  used  as  food,  since  the  tissuoe  are  probably  nonrisbed 
by  the  amino-acids  rather  than  by  the  blood  proteins.    It  is  possible  that 
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it  hm  been  converted  (Nolf)  into  fibrin  and  possibly  afterwards  ra- 
disBolved  or  partialJj  digested,  but  not  converted  back  to  fibrinogen.  A 
similar  loss  of  fibrinogen  occura  in  nearly  all  tlte  organs  in  tha  body,  the 
Iddneya  perhaps  being  the  most  imporlaut  of  the  organs  destroying 
fibrinogen.  The  question  may  be  raised  whether  the  conversion  of 
minute  amounta  of  Sbriuogun  to  fibrin  may  not  take  place  in  the  pcriplu 
cral  capillaries,  thus  leading  to  an  im-rcascd  romstanc4>  and  1o  a  loss  of 
fibrinogen.  It  may  be  that  this  was  the  original  purpose  of  the  fibrino- 
gen. These  are  questions  which  cannot  be  answered  positively  without 
OKpcrimont.  But  the  prosonoo  of  this  peculiar  protein  which  has  the 
function  of  enormously  allering  viscosity  suggests  that  it  may  be  a  very 
important  factor  in  the  normal  regulation  of  blood  viscosity. 

The  great  importance  of  the  viscosity  of  the  bloml,  and  of  the  pro- 
toina  of  the  plasma  in  determining  it,  is  shovm  by  the  circumstjincc  that 
if  the  blood  is  withdrawn  from  a  dog's  body  and  the  corpuscles  removed 
by  centrifugalization  and  then  tho  corpnselea  be  suaponded  in  a  salt 
solution  of  the  proper  strength,  such  as  Ringer's  solution  and  reinjected, 
the  animal  will  not  live.  But  it  will  live  if  gum  arable  is  added  to  the 
Blnger's  solution  in  sufficient  quantity  to  restore  the  viscosity  to  its 
nonnal  amount. 

Clotting  of  blood. — When  mammalian  blood  csc!apes  from  the  blood 
vessels  into  the  tissues  or  when  it  is  collected  in  a  vessel,  it  changes  in 
the  course  of  two  to  ten  minutes  from  a  liquid  to  a  jelly-like  solid, 
which  has  the  same  volume  as  the  blood  in  the  liquid  form.  It  dots.  No 
beat  is  disongagod  in  this  proeoss  of  clotting.  If  the  clotting  takes  place 
in  a  beaker  or  otiier  vessel,  the  clot  after  a  longer  or  shorter  time, 
generally  in  the  course  of  half  an  hour,  begins  to  shrink  and  the  clotted 
blood  gradually  separates  Into  two  portions,  a  clear,  slightly  straw- 
oolored  liquid,  called  the  serum;  and  the  solid,  co»traote<l  clot  consisting 
of  the  corpuscles,  the  greater  part  of  the  scnim,  and  of  an  insoluble  pro- 
tein substance  called  fibrin.  This  process  of  contraction  of  the  clot 
with  the  pressing  out  of  the  liquid  scrum  is  not  peculiar  to  blood,  but 
is  a  common  property  of  many  gels.  It  is  called  ^meresis.  The  con- 
traction of  the  blood  clot  is,  however,  more  extensive  than  that  of  most 
other  gels.  The  particular  object  secured  by  this  process  of  conversion 
of  the  liquid  blood  to  a  solid  elot  is  to  stop  bleeding  and  so  to  prevent 
fatal  hemorrhage.  While  clotting  is  common  to  all  forms  of  blood  from 
that  of  the  «rhinodrrms  to  roan,  the  process  reaches  its  highest  degree 
of  perfection  in  the  mammalia  and  birds,  where  the  blood  prcasure  is 
highest  and  the  danger  of  fntol  hemorrhage  is  correspondingly  increased. 
We  may  now  inquire  more  at  length  into  the  nnttire  of  this  process  of 
clotting.  It  may  be  stated  at  the  outset  that  while  no  physiological 
phpnomenon  has  been  more  extensively  studied  and  for  a  longer  time,  yet 
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we  are  still  quite  ignorant  of  the  explanation  of  many  of  the  steps  of 
the  process. 

Cloning  not  dtt«  to  contact  viiih  otr,  That  clotting  is  not  due  to 
contact  of  I  he  blood  with  air  may  be  shown  by  the  fact  that  the  entranee 
of  air  into  the  veins  does  not  cause  clotting.  In  caifisou  disease,  wlien 
men  are  too  suddenly  transferred  from  a  compressed  air  to  normal 
atmospheric  pressuro,  there  often  owiura  a  di-scngagemcnt  of  bubhles  of 
nitrogen  gaa  in  the  blood  vessels  of  the  body.  These  bubbles,  while  they 
may  cause  death  by  air  cmlioliion,  do  not  catiso  any  clotting  about  them 
in  tlic  blood.  Moreover,  if  blood  is  received  from  an  artery  or  vein 
into  an  evacuated  vessel,  or  if  it  be  coUeeled  over  mercury  without  con- 
tact with  air,  clotting  occurs  as  usual.  Contact  with  the  air  is  not,  then, 
the  cause  of  the  clotting  of  blood  ua  one  might  at  Brst  think. 

Stopping  of  circulation  not  the  cause  0/  clotting.  Tt  might  also  be 
thought  that  the  cessation  of  movement  of  the  blood,  its  lack  of  agitation 
ensuing  after  its  discharge  from  the  bloorl  vcsmuIs,  is  the  cause  of  clotting, 
but  this  again  can  be  aliown  not  to  be  a  sufficient  explanation  of  the 
facts.  If,  for  example,  two  ligatures  be  placed  about  a  portion  of  the 
jagolar  vein  of  a  horse  so  that  some  blood  is  imprisoned  between  the 
ligatures,  it  will  bo  found  on  opening  this  vein  after  some  time  that 
the  blood  in  it  has  remained  quite  fluid.  It  will,  however,  ultimately 
clot  in  the  vein  in  these  conditions,  but  its  clotting  takes  very  much 
longer.  If  the  fluid  blood  is  poured  out  of  the  vein  into  a  glass  vessel 
the  blood  clota  at  once.  Moreover,  if  an  attempt  is  made  to  keep  blood  in 
ciretilaLioQ  through  gla&s  pipes. at  body  temperature,  it  will  be  found 
that  it  clots  in  the  pipes  and  fully  ^  rapidly  as  if  it  remained  at  rest. 
'Whipping  the  blood  with  glass  rods  increases  the  speed  of  clotting. 
The  quick  elottiuf;  of  shod  blood  cannot  tlicn  be  due  to  the  stoppage  of 
the  flowing  motion  of  the  blood,  although  this  may,  at  times,  in  the 
blood  vessels  be  a  predisposing  cause  of  clotting.  Clotting  is  not  due 
cither  to  a  Unvering  of  ti-mperalure  of  (he  shed  blood,  since  cooling 
usually  retards  Uie  process  of  clotting,  and  a  high  temperature  accel- 
erates it. 

Conlact  with  the  tissues  greathf  accelerates  cloiUng.  When  Wood  is 
shed  into  the  tissues,  or  when  in  the  process  of  collecting  it,  it  passes 
over  the  wounded  surfaces  of  the  tissues,  its  clotting  is  greatly  acceler- 
ated. In  fact,  if  blood  of  vertebrates  lower  in  the  animal  scale  than 
mammahi,  for  example  tlie  blood  of  birds,  reptiles,  fishes  and  amphibia,  be 
carefully  collected  by  means  of  a  cannula  introduced  into  an  artery,  the 
greatest  rare  being  taken  to  avoid  any  rontacl  with  «  wounded  piece  of  tis- 
sue, the  blood  thus  drawn  will  remain  fluid  for  a  lon^  period  of  time,  and 
if  it  is  eoUected  into  vaselincd  glass  vessels  so  that  the  blood  doea  not  tonoh 
tho  glass  walls  it  mil  remain  fluid  almost  indefinitely.    If  to  snch  blood 
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a  small  amount  of  the  normal  salt  extract  of  any  tissue  of  tie  b&dy  is 
added,  clotting  occurs  very  quickly.  It  is  evident  from  this  that  there 
must  be  somt>thing  in  the  wounded  tissues  vhich  accelerates  dotting  of 
blood.  In  uiammalian  blood  the  conditions  are  essentially  the  same 
except  that  clotting  will  occur  witliout  contact  with  the  wounded  tissue 
Nerertheleas  such  contact  greatly  accelerates  clotting  here  also,  and  tlie 
addition  of  extracts  of  tlie  tissues  hastens  the  clotting  of  mammalian 
blood  just  as  it  does  tliat  of  bird's  blood.  Among  the  substances  of  Uio 
tissues  which  have  this  power  of  acoclcrattng  clotting,  phospholipins  of 
the  nature  of  ccphalin,  or  unknown  substances  which  accompany  this 
fraction  of  phospholipio  when  the  latter  is  separated  from  the  tissues, 
have  the  power  of  acting  la  the  same  manner  and  ore  presumably  the 
active  substances  in  tlie  tissues.  It  may  be  said  here  that  those  ac- 
celerating substances  have  a  certain  specificity  of  action  in  that  Uie  tissue 
of  one  kind  of  Gsh  or  other  animal  accelerates  the  clotting  of  its  own 
kind  of  blood  far  more  than  it  dws  that  of  blood  of  other  species 
(Loeb,  Nolf).  The  spcciGcity  is  not,  however,  absolute,  but  is  relative. 
The  substances  in  the  tissue  extracts  thus  acc«lerating  clotting  are 
sometimes  called  Ihromboplastie  substances,  thrombokinase,  tissue  fibrin- 
ogens, or  eoagulins,  as  different  writers  have  made  different  pictures  of 
their  method  of  acting. 

Contact  with  foreign  hodxes  [trmtly  acrehratfx  cMtinff.  It  ha<t  been 
found  tliat  not  only  will  tissufN  hnsten  tlic  clotting  of  hloo<].  Any  finely 
divided  foreign  substance,  which  can  Ik  wet  by  the  blood,  hastens  clot- 
ting. Thus  finely  divided  glasn,  gtiifH  wool,  clay  filters,  feathers,  or 
absorbent  cotton,  hasten  clottinff.  It  is  not  necessary  for  the  blood  to 
be  shed  in  order  to  pro<1ueo  clotting  by  these  mcoua.  If,  for  example,  a 
needle  be  passed  through  tlie  waits  of  an  arterj'  or  vein  it  becomes 
covered  with  a  coating  of  fibrin ;  and  if  the  walls  of  a  vein  be  injured,  as 
by  the  action  of  an  inflammatory  pro(>ntH,  by  a  hot  needle  or  by  caustics 
(AgNO,),  clotting  more  or  low;  limit^^d  to  the  place  of  injurj-  will  be 
observed.  Sometimes  if  the  blood  has  been  rendered  abnormally  easy 
to  dot,  Bs  it  is  by  anesthetics  after  an  operation,  or  after  hcmorrh^e, 
slight  injury  to  &  vein  by  an  inflammatory  process  or  mechanical  process 
may  lead  to  clotting  in  the  vein  and  thrombosis.  This  is  espeeiatly  apt 
to  happen,  for  esample,  after  parturition.  After  any  hemorrhage,  in- 
cluding the  more  or  less  extensive  hemorrhage  of  parturition,  blood  Ifl 
more  easily  clotted,  the  circulation  in  the  veins  of  the  leg  is  slow  and 
by  tight  bandages  about  the  abdomen  muy  he  rendered  slower  than  usual. 
Conditions  somewhat  similar,  except  for  the  hemorrhage,  prevail  after 
operations  for  appendicitis  and  clotting  in  the  veins  of  the  legs,  par- 
ticularly in  the  right  leg  after  appendicitis  operations,  is  not  unusual. 
If  these  clots  get  loose  in  the  circulation  they  may  lodge  in  the  pal- 
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monary  circulation  and  produce  gerious  trouble  or  even  death.  If  they 
remain  fixed  they  disturb,  iu  a  painful  way,  the  circulation  of  the  leg. 
Miiic  leg  ta  a  result.  Such  clots  arc  in  purt  reabsorbed  and  in  part  are 
incorporated  into  the  vein  walls.  Wiuic  contact  with,  many  forms  of 
matter  produces  clotting,  yet  blood  received,  under  paraiBne  oil  and 
into  smooth  glass  receptacles  which  have  been  oiled  with  paraffine  oil 
has  its  clotting  much  delayed.  Ofl«uUiuc8  the  QniC  signs  of  clotting  in 
audi  blood  occurs  in  the  surface  where  dust  particles  may  be  present. 
Examinatiou  gcnei-ally  nhowa  that  the  foui  of  sudi  clots  are  some  ex- 
ti'Uueous  matters.  Coutact  with  foruigu  Kubutauccii  which  may  be  wet 
with  tlic  blood  iij,  huuce,  one  of  the  determining  factoro  of  the  process  of 
clotting.  Many  inert  solid  aubstaucvs  Uiuk  have  a  fhroniboplastie  action. 
I'hysiohgical  variaUons  in  tendency  to  cMtmg.  It  is  observed  that 
the  tendency  of  blood  to  clot  undergoea  quite  wide  variations  in  different 
individuals.  As  has  just  been  said,  prevJouH  liemorrhage  alwayK  greatly 
accelerates  the  tendency  to  clot.  This  is  u£  courKe  in  the  nature  of  en 
adaptive  change  to  stop  any  recurrence  of  the  hemorrhage.  Certain  indi- 
Yidiials  have  blood  whieli  dots  with  much  greater  difficulty  than  normal, 
if  ttiis  tendency  toward  delayed  clotting  is  very  pronounced,  it  may 
ooQstitube  a  positive  danger  to  lifo.  Such  people  are  known  as  bleeders; 
1hi?y  have  tlte  disease  known  as  hemophilia.  This  trouble  is  inherited 
and  generally  ruua  in  families.  In  pneumonia  and  some  fevers  the  clot- 
ting of  tJie  blood  is  somewhat  slower  than  usual,  and  the  settling  of  the 
corpuKcles  being  rather  more  rapid,  when  the  shed  clotted  blood  of  such 
individuals  is  examined  it  often  happens  that  the  upper  parts  of  the 
clot  may  be  found  to  be  composed  of  plasma  with  few  or  no  corpusclesi, 
the  corpuscles  having  settled  before  clotting  occurred.  The  blood  has 
a  clear  coat  above.  This  is  called  the  orusta  inflaniniatoria.  Horse's 
blood  usually  acts  in  this  manner,  the  corpuscles  settling  veiy  fast,  par- 
ticularly if  the  blood  be  cooled  as  soon  as  it  is  shed. 

Ways  in  u-hifh  the  clotting  of  blood  may  be  caused  or  prtvented. 
Action  of  aibumose.  If  a  strong  .solution,  10-5  per  cent,  of  albumose 
(Witte's  peptone)  in  0.9  per  cent.  NaCl  be  injected  rapidly  into  the 
jugular  vein  of  a  dog  in  an  amount  of  0.2^.3  gram  albumose  per  kilo 
body  weight,  it  is  found  that  blood  drawn  from  a  few  minutes  t«  a 
couple  of  hours  later  has  a  gitally  prolonged  time  of  clotting.  By  the 
use  of  larger  amounts  of  albumose  the  blood  drawn  15  minutes  after 
injection  does  not  clot  at  all.  Such  blood  is  known  as  peptone  or  pro- 
peptMie  blood.  This  injection  has  no  -such  pronounced  action  in  rabbits, 
the  injection  of  amounts  of  peptone  which  the  animals  will  survive  is 
followed  by  very  little  change  in  the  coagulability  of  the  blood.  It  has 
been  found  that,  if  the  injection  of  peptone  is  made  in  a  fasting  dog, 
the  results  are  different  from  those  when  the  dog  is  in  full  digestion 
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(Wooldndge).  The  very  first  effect  of  the  injection  is  a  very  brief 
period  of  (tuickeued  coagulation.  Furthermore,  if  a  small  amount  of 
Ii«pt(Hie  is  injected  first,  so  that  the  tfoagulability  of  tbc  blood  is  only 
slightly  deprefjsed,  tJien  Uie  sfulwequcnt  injection  of  a  large  amount  of 
albumose  solution  has  no  effwt  at  all  in  changing  the  speed  of  clotting. 
The  first  injection  appi^an;  to  liave  made  the  dog  immune  to  the  albnmosc. 
What  it  is  In  the  albumose  which  has  this  action  is  not  known.  It  is 
perhaps  significant  that  albumoae  prepared  by  the  digestion  of  fibrin 
ta  most  cQicient  in  this  action,  but  albumoae  from  meat  is  also  efQcient> 
thou^  to  a  less  degree.  Albumose  added  to  blood  outaide  the  body 
does  not  have  tlie  effect  of  retarding  coagulation.  It  somewhat  acoeler- 
ates  the  clotting.  The  effect  of  preventing  clotting  is,  hence,  not  a 
direct  aution  oE  the  albumose  on  tlie  blood,  but  on  the  tis-siies  of  ths 
body.  Some  have  thought  that  it  is  particularly  acting  on  the  leuco-' 
cytes;  others  that  it  is  acting  on  the  liver.  We  shall  come  back  to  this 
presently. 

Lt€ck  extract.    If  an  ariueoos  extract  be  made  of  the  head  of  the 
medicinal  leech,  it  is  found  to  have  quite  remarkable  powers  of  delaying 
coagulation  when  injeeted  into  the  body,  or  when  added  to  the  blood- 
outside  of  tlie  body.    The  a<-tive  principle  is  called  hirudin.     It  appear 
to  be  a  deutcru  albnmoKe.    The  blood  will  not  clot  after  Ie(>(>h  extract  has 
been  added  to  iL    Hirudin  is  an  anticoagulant. 

Tissue  extracts.  TIuuk  have  a  most  interesting  action.  If  a  normal 
salt  eitract  be  prepared  of  the  thymus  gland,  spl«cn,  testicle,  brain, 
lymph  glands,  or  other  tissues,  something  goes  into  solution  which  is 
precipitated  with  dilute  acetic  acid.  Kcdissolved  in  salt  solution  made 
slightly  alkaline  by  sodium  carbonate  and  injected  into  the  vein  of  a  dog, 
it  will  cause  death  if  suflicieut  is  injected.  On  post-mortem  examina- 
tion it  will  be  found  that  intrava.<(cular  clotting  has  occurred  in  the  portal 
region.  Sometimes  tlie  clot  is  confined  to  the  portal  vein  and  its  branches 
entering  the  liver,  but  in  digesting  dogs  it  will  be  found  tliat  the  clot 
may  extend  into  the  right  heart  and  lungs.  In  rabbits  by  sui-h  UssiK 
extract  injections  the  whole  circulation  may  be  suddenly  clotted.  In 
doga,  however,  it  is  found  that  a  clot  forms  preferably  in  the  portal  circu- 
lation. If  smaller  amounts  of  the  tissue  extract  are  injected,  it  is 
observed  tliat  at  first,  iuunediately  after  the  iuji'oiiou,  there  is  an 
increased  coag\ilability  of  the  blood,  and  that  tliei-e  is  a  temporary  ces- 
salicm  of  the  respiration  and  a  sudden  fall  of  blood  pressure,  but  that 
in  a  few  moments  the  dog  recovers.  Larger  quantities  of  tlie  tissu< 
extract  may  now  be  injected  witliout  any  obvimifl  ill  cITects,  but  if  Uw 
blood  be  drawn,  it  is  found  that  it  has  lost  wholly  or  partly  its  powers 
of  spontaneous  clotting.  The  addition,  however,  to  this  non-clottini 
blood  of  more  of  the  same  extract  which  had  just  boon  injected  cat 
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clotting  at  once  outside  the  body,  olLhough  it  is  tncffoctivc  within  the 
body.  If  a  dog  which  has  received  &  dose  o£  tissue  extract  not  aofScient 
to  kill  him  be  killed  in  some  other  manner,  it  will  generally  be  found 
on  poet-morlenL  examination  that  there  are  clots  iu  the  portal  vein. 
These  clots  are  already  white,  owing  to  tite  blood  corpufteles  liaviug  been 
washed  out,  and  they  ultimately  undergo  digestion  and  disappear.  It  is, 
hence,  u  vurj-  simfular  fact  tliat  these  tiatue  cxtraeta,  which  act  in  bo 
many  ways  like  peptone  or  albumosc,  produce  within  the  body  first  a 
positive  tendency  lo  coagulation,  followed  by  a  negative  reaction,  whereas 
when  added  to  blood  outside  the  bod>'  they  produce  only  the  positive 
phase.  This  fact  indicates  that  the  negative  phase  of  clotting,  that  is 
the  teudeucy  of  tlie  blood  to  remain  Quid,  is  duo  to  a  reaction  on  the 
part  of  some  tissues  of  the  body  to  this  dangerous  substance.,  and  not 
to  a  reaction  on  the  part  of  the  iluid  blood  itself. 

Action  of  oxaiatts,  fluorides  and  citrates.  If  blood  is  received  into 
a  solution  of  sodium  or  unimonium  oxalate,  fluoride  or  citrate  so  that 
it  contains  about  0,1  per  cent,  of  the  first  two  of  these  salts,  it  vriU 
remain  indefinitely  liquid.  If,  however,  sufficient  calcium  chloride  ia 
afterwards  added  lo  such  oxalate,  or  uitrate  blood  so  that  there  is  an 
exeees  of  ualcium  in  the  blood,  clottiug  occurs  normally.  Fluoride  blood 
does  not  clot  tipoutaneously  by  the  uddittuu  of  an  excess  of  calcium. 
Since  these  substances,  except  the  citratt.-,  have  the  power  of  precipitat< 
ing  calcium,  and  since  tlic  addition  of  calcium  causes  the  blood  to  clot, 
it  is  concluded  that  Uie  presence  of  (uUcium  salts  is  ncvcssai}'  for  the 
clotting  of  blood.  While  the  citrate  docs  not  precipitate  calcium,  it  is 
believed  to  unite  with  it  and  hold  it  in  on  unionized  form  so  that  its 
action  also  is  supposed  to  be  that  of  a  dcealcifier.  The  injection  of 
calcium  chloride  solutious  into  ibc  blood  iucreases  somewhat  its  tend- 
ency to  clot,  but  does  not  in  itself  cause  clottiug,  nor  does  it  do  so 
outside  tlie  body.  Both  strontium  salts  and  barium  salts  will  enable 
decalcified  blood  to  clot,  although  the  action  is  not  so  good  as  that  of 
calcium.  By  coUcclmg  blouil  iu  oxalate  solution  and  ccntrifugiug  the 
corpuscles  out  there  is  obtained  a  clear  plasma,  sometimes  slightly 
colored  by  hemoglobin,  which  will  not  clot  spontaneously,  and  this  is 
called  oxalate  pUwina. 

Action  of  strong  solutiojis  of  magnesium  sulphate  and  sodium 
chlond4.  The  clotting  of  the  blood  may  be  prevented  in  viiro  by  receiv- 
ing the  blood  in  an  equal  volume  of  10  per  cent.  NaCl,  so  that  the  mix- 
ture contains  5  per  cent,  of  NaCl.  Such  blood  remains  fluid  for  a  long 
period.  If  the  corpuacles  are  centrifugal ized  off.  the  clear  plasma  is 
called  sodium  ekloridi  plasma.  Such  plasma  will  clot  spontaneously 
if  it  be  diluted  with  four  volumes  of  water.  Similarly,  if  blood  be 
received  into  a  saturated  solution  of  MgSO«  so  that  there  will  be  throe 
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volumes  of  blood  to  ono  of  the  solution,  the  hlood  viU  not  clot.  If  the 
corpuscles  be  ccntrifugalizcd  oflt,  then  the  addition  of  water  to  the 
magnesiuiQ,  sulphate  plasma  does  not  cause  spont^teoua  clotilng,  but 
the  diluted  plasma  will  clot  oo  the  addition  of  some  of  the  serum  from 
clotted  blood. 

Bxplanalicn  of  the  facts  just  cited.  The  facts  which  have  just  been 
stated  about  tfav  clotting  of  blood,  and  some  other  facts  vrliich  we  shall 
now  discuss,  have  been  knowu  most  of  them  for  a  vety  long  period, 
namely  from  20-40  years,  but  the  satisfactory  explanation  of  these  facts 
is  still  iuipossiblo.  Vr'ith  iheae  experimentally  ascertainud  facts  in  mind 
we  may  now  proceed  to  examine  the  natnrc  of  the  processes  involved 
in  clot1iii(f.  It  is  very  important  for  the  student  to  hold  tlie  facts 
themselves  clearly  in  mind,  rather  than  any  explanation  of  them,  for 
there  arc  about  us  many  cxphmatioua  offered  as  there  arc  investigators, 
and  none  of  these  cxplauutions  is  as  yet  satisfactory.  The  gvc&t  diffi- 
culty in  the  explanation  is  due  to  the  complexity  of  the  blood  and  our 
ignorance  of  tlio  fundamental  properties  of  solutions  and  the  processes 
of  crystalliiuitioa,  for  the  ulolliug  of  Uie  -blood,  as  we  shall  see  in  a 
moment,  is  at  the  bottom  llie  crystallization  of  a  supersaturated  solution, 
the  crystalline  substance  which  separates  being  called  fibrin. 

Fibrin.  Whatever  may  lie  Uie  exact  nature  of  tlie  processes  involved, 
all  are  agroml  that  the  conversion  of  the  biotitl  from  a  liiiuid  to  a  solid 
clot  is  duo  to  the  fact  that  a  substance  of  an  insoluble  nature  appears 
in  it  This  substance  is  called  fibrin.  It  is  a  protein  substance.  It  is 
deposited  first  as  very  fine  acicular  crystals  lying  between  the  blood 
corpuscles,  aud  radiating  from  the  blood  plates  or  other  finely  divided 
foreign  particles.  (Figure  53.)  These  crj'stals  shortly  coalesce,  or  stick 
together,  aud  form  a  network  in  tbe  interslices  of  which  corpuscles,  both 
white  and  red,  and  the  blood  plasma  are  held  so  that  the  whole  is  in 
the  nature  of  a  solid  clot.  If  blood  as  it  is  drawn  be  whipped  with  a 
glass  rod,  the  fibrin  as  fast  as  it  separates  sticks  to  the  rod  in  the  form 
of  tough  strings  in  which  some  corpuscles  arc  entangled.  This  is  fibrin. 
The  blood  from  which  this  fibrtu  has  been  thoroughly  removed  wilt  no 
louger  clot.  It  consists  of  a  mixture  of  scrum  and  corpuscles  and  is 
called  defibTinated  blood. 

The  »iueatiou  is,  then,  what  is  the  origin  of  this  fibrin  t  Does  it 
pre-exist  in  the  blood  or  does  it  appear  only  at  clottiugT  Is  it  in  the 
corpuscles  or  plasma  and  why  docs  it  appear  when  blood  is  shcdl  Some 
of  these  questions  are  not  difScult;  oUicrs  of  them  arc  very  hard  to 
answer. 

Fibrinogtn.  Origin  of  fibrin.  The  first  question  which  may  be  asked 
is  this:  Does  the  fibrin  come  from  the  corpuscles  or  from  the  plasmaT 
This  question  may  fortunately  be  answered  with  certainty.    The  greater 
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part  of  the  fibrin  comes  from  the  plasma,  uot  from  the  corpuscles,  or 
at  least  not  directly  from  the  corpusctbii.  If  bloml  iti  prcveutM  from 
clottiDg  by  the  action  of  any  one  of  the  anticoagulants  just  mentioned, 
such  for  example  as  siroug  KaCl  sohition,  or  Iccch  extract,  it  is  possible 
U)  remove  all  Lbu  i-orpubclcs,  both  rud  and  white,  by  cvntrifugalisatioD. 
The  elear  plasma  thus  obtained,  if  it  be  peptone  plasma  or  salt  plaama, 
K-ill  clot  if  diluted  with  water.  Fibrin  appears  in  it.  If  oxalate 
plasma  is  obtained,  it  is  uc^ostuLry  to  add  some  s^nira  or  an  extract 
from  the  aloohol-coagulated  serum,  or  a  caleium  salt  to  make  it  elot, 
but  then  it  clots  and  yields  a  typical  fibrin.  On  the  other  hand,  the 
blood  corpuscles  washed  free  from  plasma  by  susi>ending  them  in 
physiological  salt  solution  and  reccntrifugalizing  will  not  clot  and  form 
fibrin  under  similar  circumstances.  This  experiment  shows  clearly  that 
Uie  fibrin  has  como  from  the  blood  plasma.  It  is  found  that  the  amount 
of  fibriu  which  a  dog's  blood  will  yield  is  about  0.1-0.3  per  eent,  but  after 
suppuration  or  inflammation  it  may  rise  to  double  or  treble  this  amount, 
i.e.,  to  1  per  cent.  TJie  plasma  yieldi?  naturally  a  larger  proportion,  since 
the  corpuscles  which  make  30-4U  per  cent  by  volume  of  the  whole  blood 
contain  none.  Pla-sma  generally  yields  from  0.2-0.6  per  cent,  of  fibrin. 
Since  the  fibrin  once  formed  is,  as  such,  quite  insoluble  or  nearly  insolu- 
ble in  blood  plasma,  it  is  believed  that  the  fibi'in  docs  not  exist  as  fibrin 
in  the  plasma,  but  as  a  substance  which  gives  rise  to  fibrin.  This  pre- 
existing Gubatance  is  called  fibrinogen.  The  essential  act  of  clotting, 
therefore,  appears  to  be  the  conversion  of  Che  soluble  fibrinogen  into 
fibrin.  It  may  be  said  here,  however,  that  besides  that  in  solution  in  Uie 
plasma  fibrinogen  is  also  cout-ained  in  the  blood  plates. 

The  optical  phenomena  of  dotting.  Before  taking  up  the  nature  of 
the  relation  between  fibrinogen  and  fibrin,  we  may  for  tlie  moment  turn 
aside  to  the  microscopic  examination  of  the  clotting  blood.  The  process 
of  clotting  of  pla.tma  or  of  blood  itself  c&a  be  best  studied  by  means  of 
the  ultra  microscope,  that  is  Uie  dark  field  microscope.  If  plasma  or 
blood  be  watched  as  it  clots,  it  will  be  found  that  fibrin  comes  out  in  the 
form  of  very  fine,  long,  acicular  crystals  shon-n  in  Figure  53.  These 
erj'stals  arc  probably  not  solid  crystals,  but  liquid  crystals,  since  liquid 
crystals  uot  infrequently  take  this  form.  Moreover,  they  have  another 
property  of  liquid  crystals,  that  of  coaleaoing  or  slicking  to  things;  it  is 
because  of  tliis  property  that  they  will  slick  together  to  make  thick,  long 
strands  of  fibrin  of  whteh  the  crystalline  nature  could  not  be  inferred 
in  any  way  by  microscopical  examination  except  from  their  double 
refraction.  That  indeed  shows  that  their  molceulea  are  oriented.  The 
crystals  appear  first,  as  a  rule,  about  little  specks  of  dust,  or,  if  blood 
platelets  are  present,  tliey  adlierc  to  them  and  grow  out  from  them.  "We 
shall  later  come  back  to  the  discussion  of  the  relation  between  the  plate* 
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lets  anci  coagulation.  The  fact  is,  however^  that  ve  have  in  flbrui  formft^ 
tion  a  process  of  crystal lizatioo.  The  clotting  of  the  blood  is  a  crystal^ 
Uaation  o(  fibrin.  This  fact  was  clearly  recognized  by  Wooldridge  many 
years  ago.  Tlie  problem  we  havo  \<t  answer  is  then  this :  Why  docs  crya- 
tallizotion  occur  when  blood  is  shed  and  why  doos  it  not  occur  in  tiie 
blood  vessels t 

The  relation  of  fibrin  to  fibrinogenf  The  fii-at  question  which  we  wish 
to  ask  is  tlien  this;  Is  the  fibrin  preformed  but  held  in  solution  in  tbe 
plasma  until  clotting  occurs ;  or  is  fibrin  formed  only  at  the  moment  of 
clotliug  from  the  fibrinogen  which  is  itself  soluble.  IF  the  latter 
hypothesis  is  true,  uamcly,  that  fibrinogen  is  converted  into  au  insoluble 
protein,  fibrin,  whidi  crystallizes  out,  then  the  problem  is  essentially 
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to  learn  the  nature  of  the  difference  between  fibrinogen  and  Sbrin.  The 
conversion  of  fibrinogen  into  fibrin  is  the  essential  tliiug.  If,  on  tJie 
other  hand,  the  fibrin  is  simply  held  iu  solution  by  luiion  with  some 
substance  iu  the  blood  plasm  and  crystallines  out,  when  the  influ- 
oicc  of  this  subtitauce  is  withdrawn,  then  the  problem  is  quite  a  dif- 
fercut  one.  The  first  queatiou,  then,  to  be  diKcussed  is  the  relation 
between  fibrinogen  aud  fibrin.  What  is  the  nature  of  iibriut  Now  it 
unfortunately  happens  that  wc  do  not  know  what  is  the  compositioo  of 
fibrin.  It  is  knoiiTn  that  it  is  a  protein.  It  is  generally  stated  that 
it  is  a  dimple  pi-otcin.  The  composition  of  it  and  of  fibrinogen  hare  beeu 
given  by  various  authors.    The  figures  of  Hammarsten  are  as  follows: 
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ft  will  be  noticed  that  the  analj-ses  show  no  difference  in  composition 
6etween  fibrinogen  and  fibrin.  But,  while  these  figures  appear  so  cleor- 
(rut  and  decisive,  their  reliftbility  is  in  fact  an  itlnsion.  The  substajice 
whicli  is  analysed  as  fibrin  and  called  fibrin  in  tlie  foregoiDg  analysis 
is  not  the  Hubslance  as  it  appears  in  the  blood;  and  the  substance  which 
ts  analyzed  as  fibrinogen  is  not  the  substance  which  is  obtained  from 
blood  by  salting  out,  but  each  is  a  modified  substance.  Each  of  these 
subetancea  before  analysis  has  b«en  extracted  with  alcohol  and  ether  to 
remove  tbe  fat  and  lipoid.  The  siibslance  remaining  is  a  protein,  of 
which  tlie  composition  has  jii.st  been  given.  Now  it  may  be  just  in  the 
lipiu  part  of  the  molecule  thai  the  difference  lies,  and  indeed  WooKlridge 
maintains  that  this  is  precisely  the  case.  It  is  true  of  all  tbe  proteins 
of  the  plasma  that  when  they  are  precipitated  from  plasma  by  the 
addition  of  salt,  the  precipitate  which  is  obtained  always  contains  a 
considerable  proportion  of  a  phospholipin.  Wooldridge  showed  tliat 
6brin  might  contain  iis  much  tm  14  per  cent,  of  its  dry  weight  as  phospho- 
lipin. This  phospholipin,  or  phasphatide,  is  often  regarded  as  an  impu- 
ritj-,  but  the  probabilities  are  that  it  is  a  compound  with  the  protein.  The 
amount  of  phospholipin  in  the  fibrin  is  les,s,  "Wooldridge  thought,  than 
that  in  fibrinogen,  and  this  author,  one  of  the  nblrst  and  keenest-sighted 
of  all  who  have  worked  on  this  problem  of  coagulation,  believed  that 
the  principal  difference  between  these  proteins  consisted  in  the  propor- 
tion of  lecithin  in  the  two  cases.  It  may  be  mentioned  in  this  connection 
that  we  have  a  very  similar  utate  of  alTairs  in  the  case  of  hemoglobin  and 
the  red  blood  corpuscles.  The  amount  of  hemoglobin  contained  in  the 
blood  of  most,  or  at  least  of  many,  mammals  is  very  much  moro  than 
can  be  dis.soIved  when  the  oxyhemoglobin  is  free.  It  is  held  in  solution 
by  union  with  the  phospliolipin  and  protein  of  the  stroma  of  the  red 
blood  corpuscles.  When  tins  union  is  broken  hemoglobin  crj'stallizi?Ji 
out,  just  as  the  fibrin  crystallizes  out.  There  are  so  many  points  of 
identity  between  lalnng  blood  and  clotting  that  we  may  with  some  con- 
6dence  believe  that  the  processes  are  at  bottom  cimentially  of  the  same 
kind.  There  ia  at  least  one  dilTereuce  between  filirinogen  and  fibrin, 
which  was  empha-sized  by  Wooldndgf-,  but  which  seems  to  have  been 
overlooked  by  all  .subsequent  workers.  If  fibrinogen  is  obtained  by  ITam- 
marsten's  method  of  sailing  out  by  means  of  a  saturated  sodium-chloride 
solution,  Wooltlridgf  found  that  this  fibrinogen  when  digested  by  pepsin 
hydrochloric  avid  k'ft  a  large  residue.  This  residue  is  by  some  authors 
(Pekelharing)  called  a  nucleoprotein,  or  nnclcin  residue,  owing  to  the 
fact  that  it  is  doluble  in  alkalies  and  contains  a  great  deal  of  phosphoric 
acid ;  but  it  is  incorrectly  ho  regarded.  The  phosphoric  acid  containing 
part  of  the  residue  is  aoluble  in  alcohol.  It  is  not,  therefore,  a  nuclein, 
since  Duclcins  are  insoluble  in  alcohol.    Practically  the  whole  of  the 
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phosphoric  acid  is  extractable  with  alcohol.  This  shows  that  fibrinogen 
as  it  exists  in  the  plasma  is  a  lecithoprotein,  or  at  any  rate  that  it  con- 
tains a  good  deal  of  a  phospholipin.  Now  Wooldridge  found  that  fibrin 
did  not  yield  nearly  as  abundant  a  residue  of  phospholipin  when  digested 
by  pepsin-hydrochloric  acid.  It  dissolved  in  the  digestion  mixture  almost 
perfectly.  The  small  residue  is  yielded  Wooldridge  believed  to  be  due 
for  the  most  part  to  some  unchanged  fibrinogen.  These  observations 
appear  to  indicate  that  fibi-inogen  and  fibrin  are  not  identical  substances, 
but  differ  in  the  proportion  of  phospholipin  in  them,  fibrin  containing 
less. 

Fibrinogen.  The  protein  usually  called  fibrinogen,  but  which  we 
may  call  Hammarsten's  fibrinogen,  may  be  obtained  from  ceutrifugalized 
oxalate  plasma  by  adding  to  the  plasma  an  equal  volume  of  concentrated 
NaCI.  None  of  the  other  proteins  of  the  blood  plasma  precipitate  with 
this  treatment.  The  precipitate  redissolves  in  dilute  salt  solution.  It 
is  insoluble  in  water  and  acts  in  this  respect  like  a  globulin.  It  may  be 
redissolved  in  salt  solution  and  reprecipitatcd  several  times  so  as  to 
get  it  as  free  from  the  other  proteins  as  possible.  Thus  obtained  it 
is  always  coutaminated  with,  or  joined  to,  a  phospholipin  of  some  kind. 
It  has  a  tendency  to  become  insoluble  and  to  be  converted  iuto  a  fibrinous, 
insoluble  substance,  apparently  fibrin.  If  left  long  in  tlie  salt  solution 
from  which  it  is  precipitated,  it  undergoes  this  change,  AVooldridge 
called  this  a  true  conversion  into  fibrin.  It  is  hard  to  know  whether 
it  is  or  not.  Dog's  fibrinogen  particularly  easily  undergoes  this  change; 
horse's  changes  less  readily.  If  we  disregard  the  phospholipin  and  con- 
sider this  only  an  impurity,  the  fibrinogen  appears  to  be  a  simple  pro- 
tein, coagulating  at  56°  C,  The  kinds  of  amiuo-acids  it  has  is  shown  on 
page  144.  It  has  the  property  of  clotting  when  in  solution  on  Ihe  addi- 
tion of  thrombin  or  of  serum.    It  is  optically  active. 

We  may  sum  up  this  discussion,  then,  by  the  statement  that  it  is 
at  present  impossible  to  say  whether  fibrin  pre-exists  in  the  blood  plasma 
being  held  in  solution  by  its  union  with  other  proteins,  or  otlier  sub- 
stanceSj  until  the  time  of  clotting;  or  whether  an  insoluble  protein  is 
formed  from  a  soluble  one,  fibrinogen,  the  fibrin  then  crystallizing  out. 
The  latter  view  is  the  one  at  present  held  by  nearly  all  physiologists,  but 
it  was  strongly  criticised  and  condemned  by  Wooldridge,  and  liis  objec- 
tions, in  the  writer's  opinion,  have  never  been  answered. 

The  role  of  the  structural  elements  of  the  hlood  in  cloliing.  When 
blood  clots,  then,  we  observe  that  the  clotting  is  due  to  a  protein  substance 
which  had  been  in  solution  in  the  blood  plasma,  crystallizing  out  of  solu- 
tion; while  the  exact  nature  of  tlic  changes  involved  in  this  protein 
which  determines  that  it  becomes  insoluble  or  capable  of  crystallization 
is  still  unknown,  we  may  proceed  to  examine  the  causes  which   arc 
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playing  a  part  in  the  transformation.  The  first  question  which  we  shall 
ask  is  whether  the  red,  the  white  eorpuseles,  or  those  more  unknown  ele- 
ments, the  blood  plates,  play  any  part  in  the  process.  This  question  is 
generally  answered  in  the  affirmative,  namely,  that  both  tlie  white  blood 
corpuscles  and  the  platelets  play  a  very  important  part  in  the  initiation 
of  the  clotting  process,  but,  as  we  shall  see,  the  evidence  that  the  white 
corpuscles  are  concerned  in  the  process  is  at  the  best  very  dubious.  On 
the  other  hand,  there  is  no  doubt  that  the  elements  called  blood  plateleta 
are  a  very  important  factor  in  the  clotting  of  the  blood.  Schmidt,  who 
worked  for  many  years  on  the  clotting  of  the  blood,  and  to  whom  most 
of  the  essential  conceptions  of  the  process  are  due,  was  of  the  opinion 
that  the  white  corpuscles  played  a  very  important  part.  According 
to  him,  when  blood  is  shed  the  white  corpuscles  break  down  in  part  and 
liberate  a  substance  which  he  called  prothrombin.  This  substance  does 
not  act,  according  to  him,  by  itself,  but  in  certain  circumstances,  i.e.,  in 
the  presence  of  calcium  salts,  it  is  converted  into  a  third  substance, 
thromiin,  or  fihrin  ferment,  as  he  called  it.  This  substance  he  believed 
to  be  a  ferment,  and  by  its  action  on  the  fibrinogen  of  the  blood,  with 
the  co-operation  of  the  paraglobulin,  it  formed  fibrin.  This  view  of 
Schmidt  as  regards  the  role  of  the  leucocytes,  the  furnishing  of  pro- 
thrombin and  thrombin  and  its  action  on  fibrinogen,  is  accepted  by  the 
majority  of  workers  on  this  subject.  There  is  a  doubt,  however,  whether 
it  is  essentially  correct  and  well-founded.  The  evidence  that  Schmidt 
adduced  to  prove  that  the  white  corpuscles  cause  coagulation  was  this: 
If  horse's  blood  is  received  directly  from  the  artery  or  vein  into  a 
cooled  glass  vessel  and  the  blood  immediately  cooled  in  a  salt-water-ice 
mixture  and  kept  cooled  to  about  0',  the  clotting  is  so  prolonged  that 
time  is  given  for  the  corpuscles  to  settle.  The  red  corpuscles  being  more 
dense  settle  faster  than  the  whites,  and  accordingly  there  is  at  the  bot- 
tom of  the  tube  a  layer  of  red  corpuscles,  above  this  is  a  thin  layer  of 
white  corpuscles  and  above  this  is  the  plasma,  which  is  somewhat  turbid, 
due  to  the  admixture  of  some  platelets  and  leucocytes.  Now  coagulation 
ultimately  ensues  in  this  blood  and  it  is  observed  that  the  clotting  begins 
always  in  the  white  layer,  where  the  white  corpuscles  arc  most  abundant, 
and  that  the  plasma  at  the  top  aqd  the  red  corpuscles  underneath  may 
not  be  coagulated,  whereas  the  plasma  just  above  and  including  the  layer 
of  the  whites  is  coagulated.  On  examining  this  white  layer  under  the 
microscope,  Schmidt  observed  that  there  was  among  the  white  corpuscles 
a  large  amount  of  a  granular  precipitate  looking  like  the  debris  of 
corpuscles  which  bad  gone  to  pieces.  Schmidt  interpreted  the  debris 
ai  being  due  to  disintegrated  leucocytes,  although  there  was  no  evidence 
that  it  was  so  derived,  and  we  now  know  that  it  has  in  part  at  least 
another  origin.    Schmidt  concluded  from  these  observations  that  whea 
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phosphoric  «cid  is  extroctable  with  alci^ol.  This  &hows  that  fibrinogen 
BS  it  exists  In  the  plasma  is  a  leeilboproteiu,  or  at  any  rate  that  it  con- 
tains a  good  deal  of  a  pbuiipholipiu.  Now  Wooldridge  found  that  fibrin 
did  not  jr'ield  ueaily  an  abundant  a  residue  of  phospbolipin  when  digested 
by  pepsiu-hydi-ochlorie  acid.  It  dissolved  bi  the  digestion  mixture  uhnost 
perfectly.  The  amall  rcaiduc  is  yielded  Wooldridge  bcUcvcd  to  be  duo 
for  the  most  part  to  some  unchanged  tibrinogen.  These  observationa 
appear  to  indicate  that  librluogeu  and  fibrin  are  not  identical  subatoaoas, 
but  differ  in  the  proportion  of  phospholipin  in  them,  fibrin  containing 
less. 

FibrinogeJi.  The  proluiu  usually  called  fibrinogen,  but  wbich  we 
may  call  Uauimarsten 'it  fibrinogen,  may  be  obtained  from  centrifugaliied 
oxalate  plaiuna  by  adding  to  ibe  pltuima  an  eciual  volujne  of  concentrated 
NaCI.  None  of  the  otlier  proteins  of  the  blood  plasma  precipitate  with 
this  treaLuicnU  The  precipitate  rcdissolvcs  in  dilute  salt  aolution.  It 
is  insoluble  in  water  and  acta  in  this  respect  like  a  globulin.  It  may  be 
redissolvcd  in  suit  solution  and  rcprecipitaied  several  times  so  as  to 
get  it  as  free  from  the  other  proteius  aa  possible.  Tiiim  obtained  it 
is  always  contajninalud  witli,  or  joined  to,  a  phospholipin  o£  some  kind. 
It  baa  a  tundcney  to  bueoiue  insoluble  and  to  be  converted  into  a  fibrinous, 
insoluble  substance,  apparently  fibrin.  If  left  long  in  tlie  salt  solution 
from  wbieJi  it  is  precipitated,  it  undergoes  this  change.  Wooldrldge 
colled  this  a  true  conversion  into  fibrin.  It  is  hard  to  knovr  whether 
it  is  or  not.  Dog's  fibrinogen  particularly  easily  undergoes  tbis  change; 
horse's  changes  less  readUy.  If  we  disregard  the  piiospholipiu  and  con- 
sider tliis  only  an  impurity,  the  fibrinogen  appears  to  bu  a  simple  pro- 
tein, coagulating  at  56'  C.  The  kinds  of  amiao-aeids  it  has  is  shown  on 
page  144.  It  has  the  property  of  clotting  when  in  solution  on  the  addi- 
tion of  thrombin  or  of  scrum.    It  is  optically  active. 

We  may  sum  up  this  discussion,  then,  by  the  statement  that  it  is 
at  present  impossible  losay  whether  fibrin  pre-exiats  in  the  blood  plasma 
being  held  in  solution  by  its  union  with  other  proteins,  or  other  sub- 
stances, until  the  time  of  clotting  j  or  whether  an  insoluble  protein  is 
formed  from  a  soluble  one,  fibrinogen,  the  fibrin  then  crystiLJlizing  out. 
The  latter  view  is  the  one  at  present  held  by  nearly  all  physiologists,  but 
it  was  strongly  eritieised  and  condemned  by  Wooldridge,  and  his  objec- 
tions, in  the  writer's  opinion,  have  never  been  answered. 

The  rMc  of  the  slniclural  eltmcnti  of  the  blood  in  clotUng.  "When 
blood  clots,  tlicn,  wu  obscn-c  that  the  clotting  is  due  to  a  protein  substance 
which  had  been  in  solution  in  Uic  blood  plasma,  crystallizmg  cut  of  solu- 
tion; while  the  exact  nature  of  the  changes  involved  in  this  protein 
which  determines  that  it  becomes  insoluble  or  capable  of  crj'slalliTatton 
is  still   unknown,  we  may  proceed  to  examine  the  causes  which  are 


I 


I 
I 


playing  a  part  in  the  transformation.  The  first  qaestion  which  wc  sliall 
nsk  is  whether  the  red,  the  white  corpuscles,  or  those  more  unknown  ele- 
ments, the  blood  plates,  play  any  part  in  the  process.  This  question  is 
generally  answered  in  the  anirraative,  namely,  that  both  the  white  Wood 
corpuscles  and  tlie  platelets  play  a  very  important  part  in  the  initiation 
of  the  clotting  process,  but,  as  we  shall  see.  the  evidence  tliat  the  white 
corpuscles  are  concerned  in  the  process  ts  at  the  best  verj-  dubious.  On 
the  other  hand,  there  is  no  doubt  that  the  elements  called  blood  platelets 
are  a  very  imporlant  factor  in  the  clotting  of  the  blood.  Schmidt,  wlio 
worked  for  many  years  on  the  eloriing  of  the  blood,  and  to  whom  most 
of  the  essential  conceptions  of  the  process  are  due,  was  of  tlie  opinion 
that  the  white  corpusclrs  played  a  very  important  part.  According 
to  him,  when  blood  is  shed  the  while  corpuscles  break  down  in  part  and 
liberate  a  substance  which  he  called  prothrontbin.  This  substance  does 
not  act,  according  to  him,  by  itself,  but  in  certain  circumstances,  i.e.,  in 
the  presence  of  calcium  sails,  it  is  converted  into  a  third  substance, 
thrombin,  or  fibrin  ferment,  as  he  called  it.  This  suhstanee  he  believed 
to  be  a  ferment,  and  by  it;;  action  on  the  Sbrinogen  of  the  blood,  with 
the  co-operation  of  the  paraglobulin,  it  formed  fibrin.  This  view  of 
Schmidt  a.s  regards  the  role  of  the  leucocytes,  the  furnishing  of  pro- 
thrombin and  thrombin  and  its  action  on  fibrinogen,  is  accepted  by  the 
majority  of  workers  on  this  subject.  Tliere  is  a  doubt,  however,  whether 
It  is  essentially  correct  and  well-founded.  The  evidence  that  Schmidt 
adduced  to  prove  that  the  white  corpnsclfA  cause  coagulalinn  was  this: 
If  horse's  blood  is  reeeivod  directly  from  the  artery  or  vein  into  a 
cooled  glass  ve^<^l  and  the  blood  immediately  cooled  in  a  salt- water-ice 
mixture  and  kept  cooled  to  about  0°,  the  clotting  is  so  prolonged  that 
time  is  given  for  the  corpuscles  lo  settle.  The  red  corpusf-lra  being  more 
den.se  settle  faster  than  the  whites,  and  nccordingly  then*  is  at  the  bot- 
tom of  the  tube  a  layer  of  red  corpuscles,  above  this  h  a  thin  layer  of 
white  corpuscles  and  above  this  is  the  plasma,  which  is  somewhat:  turbid, 
due  to  the  aiimixturc  of  some  platelets  and  leucoeytea.  Now  coagulation 
ultimately  en.sues  in  this  blood  and  it  is  olisiTved  that  the  clotting  begins 
always  in  the  while  layer,  where  thp  white  corpuscles  are  most  abundant, 
and  that  the  plasma  at  the  top  an*'  the  red  corpuscles  underneath  may 
not  be  coagulated,  whereas  the  plasma  just  above  and  including  the  layer 
of  the  whites  is  coagulated.  On  examining  this  white  layer  under  the 
microsoope.  Schmidt  observed  that  then*  was  among  the  white  corpuscles 
A  large  amount  of  a  granular  precipitate  looking  like  the  d^brJK  of 
corpuscles  which  had  gone  to  piecea.  Schmidt  interpreted  the  dfbris 
as  being  due  to  disintegratpd  leucncytes.  although  there  was  no  evidence 
that  it  was  so  derived,  and  we  now  know  that  it  has  in  part  at  least 
another  origin.    Schmidt  concluded  from  these  observations  that  when 
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blood  is  Bhed  many  of  the  corpuscles  disintegrrat*  and  set  free  a  sab- 
stance  whk-h  causes  olotting.  This  substance  he  called  fibrin  ferment. 
To  support  this  eoncrlusion  Suhmidt  tried  the  experiment  of  injoeting 
Irucocyl**  ik-rived  from  lymph  glands,  or  di'hris  of  the  latter,  into  the 
circulation  and  he  bnlieved  that  the  intrairas>.-u]ar  clotting  sometimes 
obtained  was  due  to  this  fibrin  ferment  from  the  lymph  glands.  Now 
this  conclnsion  of  Schmidt,  although  it  has  persisted  in  the  literature  as 
a  fact,  ta  incorrect.  Its  incorrectness  was  shown  hy  WooMrldge.  So 
far  as  is  known,  the  leacocTtes  of  mammalian  blood  do  not  disintegrate 
to  any  eonsiderablo  extent  in  shed  blood.  Tliey  persist  and  the  di''bris 
which  Schmidt  observed  did  not  oomi"  from  them,  but  consisted  of  the 
substance  now  known  as  platelets,  and  the  origin  and  nature  of  which 
we  shall  soon  consider.  All  the  evidence  which  Schmidt  accumulated 
really  applied  to  tin*  blood  plate-s,  and  it  is  these  indeed  which  really 
inaugurate  the  process  of  clotting.  That  the  leucocytes  do  nob  caose  the 
clotting  and  are  not  necessary  for  it  may  be  shown  in  several  wa^-s. 
Blood  plasma  quite  freed  from  leucocytes  and  red  blood  cells  by  centrifu- 
galizatioD,  such  for  example  as  salt  plasma,  or  peptone  plasma,  will 
ooa^late  if  simply  diluted  with  water,  or  if  a  current  of  CO^  is  pa.ssed 
through  the  plasma.  No  corpuscles  of  any  kind  are  necessarj'.  More- 
over, it  can  be  shown  that  the  leucocytes  are  quite  inert.  Wooldridge 
found  that  if  lyniph  corpuscles  are  carefully  wnslK-d  with  salt  solution, 
they  will  cause  clotting  if  added  to  peptone  plasma,  or  if  added  to  salt 
plasma,  pro\'ided  the  substance  of  the  platelets,  which  he  called 
A-flbriuogeu,  is  also  present.  But  these  same  leucocytes  do  not  clot  the 
lymph  in  which  they  are.  Exudates  exist  containing  many  leucocytes 
and  fibrinogen,  but  these  do  not  clot  Moreover,  if  the  leucocytes  which 
have  been  onee  in  blood  are  collected  by  centrifugal ization.  washed  and 
suspended  in  peptone  plasma,  they  do  not  cause  clotting  of  the  plasma, 
although  leucocytes  of  lymph  glands,  which  have  never  yet  been  in  the 
blood,  will  cause  clotting.  It  is  clear  from  this  extraordinarily  instruct- 
ive and  important  observ'ation  that  the  leucocytes  of  the  blood  have  not 
a  power  of  inaugurating  clotting.  Wooldridge  tried  another  very  sug- 
gestive experiment.  If  very  strong  peptone  plasma  is  used,  a  consid- 
erable amount  of  li^nphocyte8  may  be  added  without  producing  clotting. 
It  now  these  added  lymphocytes  are  centrifuged  from  the  plasma  and 
washed  carefully  in  salt  golution,  so  as  to  free  them  from  adherent 
plasma,  and  arc  now  introduced  into  a  peptone  plasma  not  so  strong 
but  one  which  will  clot  spontaneously  in  time,  they  do  not  clot  this 
plasma,  whcn-iis  a  similar  quantity  of  the  same  lot  of  lymphocytes  which 
had  not  first  been  in  the  peptone  plasma  will  dot  it  at  onee.  This  fact 
shows,  according  to  Wooldridge,  that  leucocyips  which  have  onee  been 
in  the  blood  become  inert  toward  it;  whereas  those  which  have  not  been 
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in  the  plaauio  act  like  foreign  bodies  and  hasten  the  clotting.  Wool- 
dridgu  vaii  able  to  Hhow,  also,  that  it  was  the  substance  of  the  blood 
plat«Ictfi  which  was  the  important  substance  in  clotting.  It  is,  however, 
possible  to  extract  from  the  leucocytes  a  substance  which  hastens  blood 
clotting.  That  the  red  corpuscles  are  not  primarily  concerned  id  the 
clotting  19  alno  clcarl/  shown  by  iJie  fact  Uiat  1-he  plasma  has  all  the 
powers  of  clotting  in  tlie  absence  of  the  reds.  But  here  again,  just  as 
with  ttic  wbitc^  it  is  possible  to  isolate  from  tJie  red  corpuscles  a  sub- 
stance which  acts  exactly  lil<c  the  substance  from  the  whites  and  causes 
clotting,  The  fact,  then,  (bat  it  is  possible  to  isolate  from  the  white 
corpuscles  a  substance  which  hastens  coagulatiou  is  no  ar^ment  tliat 
ttu  white  corpuscles  play  a  part  in  normal  clotting,  sinc«  exactly  the 
same  argumout  applies  also  to  the  reds,  which  are  universally  admitted 
to  play  u6  part  iu  the  pruuess.  It  is  a  very  interesting  fact  that  while 
the  inlat-t  red  corpusi'liMi  are  quit*.'  inert  toward  the  dotting  process,  yet 
if  the  hcuioglobiu  be  !tci)urated  from  the  stroma  it  is  found  that  tha 
stroma  is  very  toxic,  its  injection  proiluccs  intravascular  clotting  and 
when  added  to  shed  blood  it  greatly  accelerates  clotting.  There  is  no 
good  evidence,  then,  that  cither  tho  reds  or  the  whites  are  concerned 
in  the  normal  clotting  of  blood,  and  we  may  now  turn  to  the  blood  plates, 
the  other  morphological  eouslitueut  of  the  plasma.  Practically  all 
authorities  arc  of  the  opinion  that  these  play  a  vital  jiart  in  the  clotting* 
since  the  addition  of  these  to  blood  enormously  accelcrales  tlie  clotting 
process. 

Rote  of  blood  plnUs  in  eiotling.  Wc  now  enter  one  of  the  most  dis- 
puted fields  of  the  mor|>hi>logy  of  Uic  blood,  for  thorn  is  no  unanimity 
of  opinion  as  to  ilic  nature  and  origin  of  the  blood  plates,  or  indeed 
whether  they  pre-exist  in  the  blood  in  the  vessels.  But  whether  lliey 
pre-exist  or  appear  only  after  shedding,  they  plaj'  a  part  i»  clotting, 
and  in  fact  their  appearance  is  the  first  visible  sign  of  the  changes  of 
i!ie  plasnia  rcJiuUing  iu  dotting.  The  platelets  are  generally  disk-  or 
spindle-Kliaped  bodies  without  color,  about  1.5-3  t*  m  diameter.  In  other 
words,  Uicy  arc  about  one-third  to  ouc-scvcnth  the  diameter  of  a  red  blood 
corpuscle.  They  mtiy  be  present  in  enormous  numbers,  as  many  as 
800,000  per  cmm.  o£  blood  in  dog,  or  hiuuan  blood,  or  they  may  bo 
qmt«  absent,  as  in  bird's  blood  and  the  blood  of  the  lower  verte- 
brates. Thoy  may  be  fixed  by  oamic  acid.  Wliou  fii-at  separated  from 
oxalated  blood  by  centrifugal ization  they  re<n8Kolve  readily  in  dilute 
allcaline  salt  solutions,  but  after  a  short  separaliou  they  lose  this  power 
of  dissolving  and  become  converted  into  a  fibrinous  mass.  It  is  very 
diflicult  to  decide  whether  they  arc  to  be  considcrcil  as  morphological 
cells,  as  they  arc  at  present  generally  eonsidcred,  or  whether  they  a« 
to  be  regarded  as  liquid  cr}'st«ls.    It  is  well  known  that  supersaturated 
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liquids  form  crystalline  deposits  with  the  (n^atcat  cose,  so  that  it  is  quito 
possible  that  wc  have  in  the  blood  plasma  normally  something  in  the 
nature  of  a  supersaturated  solution  of  the  matcrialg  from  wliich  the 
plates  are  formed  and  that  this  deposits  the  plates  very  quickly  on 
contact  with  foreign  substances.  Something  of  8  very  similar  kind 
appears  to  happen  in  the  cell  nucleus  and  to  result  in  the  sudden 
appearance  of  tlie  nuclear  chromosomes.  It  has  recently  been  shown  by 
Chambers  that  the  chromosomes  may  appear  very  suddenly  in  the  clear 
homogeneous  nuclei  of  the  sperm  mother  cclla  of  the  testis  of  Rrass- 
hoppcrs.  The  chromosomes  appear  whenever  the  cell  is  irritated,  and 
their  appearance  inaugurates  the  phenomena  of  coll  division  just  as 
the  appcaranec  of  the  plates  inau{*urates  the  ]>roeess  of  clollin^.  Tlie 
chromosomes  are  also  organized  sulistam-es  of  definite  nlmpe  and,  like 
the  plates,  are  often  disk-shaped.  The  phenomena  o£  the  appearanee 
of  tlic  plates  from  tlie  plasma  lins  bwn  partieulurly  studied  by  Wool- 
dridgc.  If  horse's  blood  is  cooled,  the  corpusHcs  S(>pnrato  and  Ihc 
plasma  may  be  removed.  The  same  result  iii  had  with  dofc's  peptone 
blood.  The  corpuscles  are  separated  by  eentrifugalizatton.  The  plasma 
which  results  is  pcrfeetly  clear  at  tlie  tempcratxire  of  the  body,  but  if 
it  be  cooled  to  about  zero  degrees  there  comes  out  of  it  a  precipitate  of 
platelets.  This  precipitate  is  not  an  amorphous  preeipitate,  but  is  made 
up  of  clear,  granular  refractive  disks,  which  look  like  imperfect  protein 
crystals.  On  warming  the  blood  plasma  the  platelets  swell  and  rcdis- 
solve  and  may  be  reseiiaratcd  by  cooling.  The  littlt;  jdatea  thus  sepa- 
rated from  the  plasma  look  exactly  like  very  small  colorless  red  blood 
cells  and  when  slightly  wormed  they  coalesce  and  may  form  larger 
disk-shaped,  colorless  structures  of  the  shape  and  size  of  a  red  blood 
corpuscle.  If  after  separating  them  in  the  cold,  the  precipitate  with 
some  plasma  is  warmed  slightly,  the  disks  lose  their  crystalline  appear- 
ance ami  rounded  or  spindle  shape  and  slick  togctlicr  in  rows  and  clumps 
of  granules  which  form  fibrinous  strings  and  become  insoluble.  They 
become  changed  to  typical  fibrin  (Wooldridgc,  Schittenhelm  and 
Bodong).  The  disks  when  they  first  appear  look  like  the  incompletely 
crystalline  stage  of  proteins.  Their  behavior  reminds  one  of  the  liquid 
crystals  described  by  Lehman,  Wooldridge  concluded  that  they  were 
in  reality  crj'stalline.  By  many  authors  they  arc  supposed  to  be  alive, 
because  they  show  amcehoid  changes  of  form.  But  this  again  is  a  char- 
acteristic of  some  liquid  crystals.  Such  crystals  also  Imve  the  power 
of  changing  their  shapes  and  to  make  refractive  myelin-like  forms  resem- 
bling protoplasm.  It  m  possible,  of  course,  that  in  some  bloods  they  arc 
present  in  such  amount  that  they  may  be  in  part  precipitated  in  the 
circulating  blood.  The  plates  have  been  collected  by  Wooldridge  and 
their  chemical  composition  seems  to  be  identical  with  that  of  the  stroma 
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ttie  red  blood  colls  and  like  the  protoplasm  of  the  whites.  They 
reaenihle  this  stroma,  also,  in  their  ph>-siologiral  action,  as  we  shall  see. 
They  conlaia  a  protein,  lihria  and  various  tipins,  saeh  as  a  phospholipin, 
thrombin  and  »  proteoU'lio  ffrmpiit. 

It  was  believed  by  Lillimfeld  and  Pekelharing  that  these  plates  were 
cranposed  of  nucleic.  This  belief  was  based  on  the  fact  that  they  were 
Boluble  in  dilute  alkalies,  precipitated  by  dilute  acids,  were  soluble  in 
strong  XaCl,  contained  phosphorus,  stained  with  methyl  green  and  basic 
dyes,  and  that  they  left  a  phosphoric  acid  containing  residue  when 
digested  with  pepsin  HCI.  Small  amoiinrs  of  nnelein  bases  may  be 
obtained  from  them.  But  all  these  eharnotcristics,  except  the  last,  arc 
possessed  by  the  leritlioproteing  as  well  as  the  nacleins,  and  Wooldridge 
showe*l  that  the  phosphoric  acid  in  the  residue  was  soluble  in  great  part 
in  alcohol.  VTe  know,  besides,  that  particularly  the  phosijholipins  have 
this  property  of  forming  liquid  crystals.  While,  then,  the  origin,  and 
indeed  the  proper  interpretation  of  the  blood  plates,  is  thus  still  in 
many  points  obsetire,  we  may  consider  their  relation  t«  clotting.  It  may 
be  8ud,  in  passing,  that  the  interpretation  of  the  clotting  of  the  blood 
really  rests  on  the  determination  of  the  origin  and  signtBcancc  of  tha 
plates. 

If  any  foreign  substance  wet  by  the  Wood  is  put  into  the  blood 
stream,  such  as  a  needle  or  a  thread  put  through  a  vein  or  artery,  it  is 
found  that  the  foreign  substance  becomes  covered  with  a  deposit  of 
plates  and  that  this  deposit  becomes  covered  by,  or  is  partially  eon- 
verted  into,  fihrin.  Moreover,  when  platelets  are  added  to  plasma  and 
thcletler  clot.?,  it  will  he  observed  tliat  the  platelets  are  the  centers  from 
which  the  fibrin  formation  stapta.  Tlie  relation  of  the  plates  to  clotting 
was  also  shown  by  Wooldridge  as  follows:  Hog's  blood,  whinh  is  inco- 
agulable from  the  injection  of  peptone,  becomes  congulnble  if  a  stream 
of  COt  passes  through  it.  The  same  is  true  of  the  peptone  plasma,  pro- 
vided the  dose  of  peptone  has  not  been  loo  large.  Peptone  plasma  will 
clot  spontaneously  if  CO,  is  passed  through  it,  or  if  arctic  acid  is  added 
to  the  plasma,  or  if  the  plasma  be  diluted  with  two  or  three  volumes  of 
water,  but  it  will  not  clot  spontancoHsly  if  diluted  with  two  or  three 
volumes  of  1  per  cent,  NaCl.  Wooldridge  found  that  if  such  eoagulable 
plasma  was  cooled  to  a  low  temperature  and  the  platelet  stuff  centrifu- 
gatized  out  of  the  hlood  and  the  plasma  then  filtered  through  several 
thicknesses  of  filter  paper  so  that  the  plasma  was  perfectly  cVar  and 
free  from  plates  (A-flbrinogen).  as  he  called  it,  the  plasma  had  lost  its 
power  of  clotting  when  diluted  with  water  or  when  COj  was  passed 
through  it,  but  it  reobtaincd  its  power  if  the  platelets  either  suspended 
In  a  little  plaiima  or  redissolvcd  in  very  dilute  allealine  salt  solution  were 
added  to  it.    Moreover,  this  plate  material  separated  aud  dissolved  in 
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the  maouer  iadicated  had  the  property  when  injected  into  the  circula- 
tion of  an  animal,  of  causing  intravascular  clotting,  in  this  respect 
resembling  the  stroma  of  the  blood  corpuscles  or  extracts  of  the  rariouB 
tissues.  Tlicro  i^an  be  no  doaibt,  then,  from  these  facts  that  the  staff 
known  as  blood  platelets  stands  in  some  veo'  important  relation  to  clot- 
ting. They  sbein  to  act  like  the  substances  (fibrinogens)  obtained  from 
the  tissues  and  fruia  the  wounded  cells  and  tissues.  A  fiirlhcr  very 
important  fact  is  that  the  amount  of  librin  recovered  from  plasma  by 
Ihu  addition  of  plates  to  it  increa-ses  with  the  amount  of  platelet  stuff 
added,  so  that  Wooldridge  believed  tliat  the  platelet  stuff  actually  ccm,- 
tributed  to  the  subst-ance  of  the  clot,  as  well  as  acting  as  a  starter  of 
the  process  of  dotting.    This  view  has  now  l>een  substantiated. 

rrothrombin  and  thrombin.  So  far,  we  have  seen  ttiat  the  plasma 
contains  all  Uie  elements  neoessaiy  for  the  clotting  as  long  as  the  plasma 
contains  platflels  or  the  Hiilwtancc  A-fihririogi*n,  which  givia  rise  to  the 
platelets.  There  remains,  howevt^r,  anollier  factor  to  Ik  conHidcred.  It 
has  been  found  that,  after  plasma  has  clotted  and  the  scrum  separated, 
the  scrum  always,  or  nearly  always,  contains  a  snhstancc  which  was  not 
in  the  plasma  and  which  has  a  remarkable  action  on  the  clotting  of 
Hammarstcn's  fibrinogen.  This  substance  is  known  as  thrombin,  or 
fibrin  ferment.  It  is  better  to  call  it  thrombin,  since  there  is  no  cndence 
that  it  is  a  ferment,  although  it  may  be  one.  If  blooil  scrum  is  pre- 
cipitated by  adding  to  it  four  voltunos  of  strong  alcohol  ajid  the  pre- 
cipitate allowed  to  stand  under  alcohol  for  two  to  four  weeks,  all  the 
proteins  of  the  precipitate  are  coagulated  by  tlie  aliioliol.  If  now  this 
coagulum  be  extracted  with  water,  or  dilute  sodium  chloride  solution, 
an  organic  sulialanee  goes  into  .soliitiou  and  this  solulioii  added  to  a 
solution  of  Uammarstcn's  fibrinogen  causes  it  to  clot  in  a  typical  fashion. 
Furthermore,  although  its  action  is  somewhat  quicker  in  the  presence  of 
calcium  salts  and  in  the  abRcnee  of  o.^alatc.  yet  it  will  clot  the  fibrinogen 
solution  in  the  presence  of  oxalate.  The  substance  in  the  solution  which 
has  this  property  of  clotting  fibrinogen  is  destroyed  by  continued  heat- 
ing to  GO'.  It  was  called  fibrin  ferment  by  Schmidt,  its  discoverer,  but 
is  now  generally  catliHl  tlirombin.  Nothing  is  known  about  the  nature 
of  this  substance.  Litlicnfctd  and  Pekelharing  believed  it  to  be  a 
nuclcoprotcin,  but  it  is  probably  not  a  nuclcoprotein.  There  arc  rea- 
sons for  thinking  that  it  originates  from  the  platelets,  and  thitse  are 
almost  certainly  not  nuclcoprotein  and  contain  none.  Its  nature  is 
unknown.  Now  thrombin  docs  not  pre-exist  in  the  blood.  Like  fibrin. 
it  appears  only  if  the  clotting  has  Qccurred,  It  is  an  accompaniment  of 
the  clotting  process,  and,  with  as  much  justification  as  fibrin,  is  to  be 
regarded  as  the  result  of  (he  clollinfr  process,  but  not  ils  cause.  It  is, 
however,  generally  believed  by  most  physiologists  from  Schmidt's  time 
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'  be  the  cause  of  clotting;.  Botli  Wooldridge  and  Nolf  have  urpcd  grave 
reasons  for  disbcUcvinB  that  it  is  the  appearance  of  this  body  which 
inaugiinit*s  the  process  of  clotting  normally.  There  is  one  reason  which 
Bppeni-s  to  the  writer  to  bo  ]>racti<?aUy  (conclusive  against  the  appear 
ance  of  this  substance  being  tlie  cause  of  uormal  ctottLng:  that  is,  the 
astonishing  fact  that  enormous  amounts  of  it  may  be  injected  into  the 
circulation  without  caujiing  any  intravascular  clotting.  Now,  if  it  be 
assumed  UiaL  tlicrc  is  Komc  anti-clotting  mibstJincc  normally  present 
which  is  counteracting  its  action  and  keeping  btood  fluid,  there  cannot 
be  the  quantity  required  to  hold  back  the  action  of  so  much  of  this  sub- 
stance. A  vcr^'  small  amount  of  thrombin  will  cause  clotting  of  a 
fibrinogen  solution  in  the  test-tube,  but  one  can  run  in  nearly  as  much 
thrombin  as  there  is  of  fibrinogen  in  the  blood  without  causing  any 
intravascular  clotting  and  without  producing  any  change,  or  more  than 
a  slight  cIiaogL',  in  the  clotting  power  of  the  blood.  Now  it  is  very  aston- 
ishing, if  thrombin  is  the  cause  of  clotting  and  the  formation  of  minute 
amounts  of  liiis  substance  in  the  shed  blood  causes  its  clotting,  that 
the  injection  of  large  amounts  of  thrombin  into  the.  blood,  which  con- 
tains already  fibrinogen  and  calcium  salts,  has  no  effect  at  all.  The 
result  is  the  more  astonishing  since  the  injection  of  very  little  tissue 
extract,  or  btood  platelet  material,  causes  clotting  both  within  and  witli- 
out  the  body  with  tlie  greatest  ease.  Moreover,  tliese  same  subs-tancea 
wilt  clot  peptone  plasma  outside  the  body,  whereas  thrombin  docs  not 
clot  it.  These  facts  do  not  seem  to  have  been  properly  appreciated  by 
most  vritcrs  who  have  accepted  Schmidt's  view.  They  constitute,  in 
the  writer's  opinion,  on  insurmountable  objection  to  the  present  view, 
that  the  first  thing  that  happens  in  clotting  is  tlic  formation  of  thrombin, 
and  that  this  latter  causes  clotting  by  making  tibrin  out  of  fibrinogen. 
Wooldridgc,  because  of  lliese  facts  and  otliers,  held  thrombin  to  be  a 
result  of  clotting,  not  to  be  a  ferment,  and  maintained  that  the  fact 
that  thrombin  would  not  clot  blood  intra vaacularly  showed  that  blood 
did  not  contain  the  substance  known  as  Uatnmarstcn 's  fibrinogen,  but 
that  Ulc  latter  had  been  formed  from  the  real  fibrinogen  of  the  blood, 
which  he  called  B-fibrinogen,  by  the  actions  necessary  to  separate  it. 

Since  thrombin  did  not  exist  in  the  plasma  before  clotting,  but 
appeared  after  clotting,  Schmidt  and  his  pupils  concluded  that  there 
must  be  an  antecedent  substance  there  which  was  called  prothrombin, 
but  which  has  also  been  named  thrombogen,  to  indicate  that  it  gave  rise 
to  thrombin.  According  to  Schmidt,  thrombogen  was  not  present  in  the 
plasma,  but  wa.s  set  free  from  the  lcucoc>i;es  when  tlie  latter  disinte- 
grated. This  is  the  generally  accepted  belief  at  the  present  time,  bat  it 
is  not  well  grounded.  There  is  no  sufficient  evidence  that  the  leucocytes 
go  to  pieces  in  shed  blood ;  Schmidt's  evidence  that  the  scbstance  eame 
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tronk  the  leacooytes  was  vitiated  by  the  fact  that  he  negilectotl  Hic  plate- 
lels;  it  U  the  platelets,  not  the  leucocytes,  which  added  lo  paploiie  hlood 
cause  clottine,  and  it  is  from  the  platelets,  not  the  leucocytes,  that 
the  prothrombin  appears  to  be  derived. 

The  role  of  calcium  sails.    There  is  no  dmibt  that  cnlcium  suits  plny_ 
on  important  role  in  clotting  (Qreen,  ArthtLrs).    They  arc  not  necessai 
for  the  clotting  of  fibrino^^n  solutions  by  tlirombin,  but  such  soIutiouS^ 
will  not  clot  ou  the  addition  of  platelets  unless  calcium  salts  are  present, 
and  the  calcium  must  he  in  an  ionized  form.    The  salts  are  supposed 
to  set,  hence,  by  convertine"  thrombogen.  or  prothrombin,  into  thrombin. 

Explanation  of  ike  cloHing  procrss  hj  MnrawUz  and  F«1d  and  Sptro. 
According  to  tlie  work  of  Morawitz  and  I'^dd  and  Spiro,  the  leucocytes 
contain  proferment,  or  thromlHjgcn.  This  thromhoK'-n  in  the  presence 
of  calcinm  salts  is  converted  by  tissue  cxtrar^t,  which  they  call  ihrorU' 
bokinasf,  into  an  active  thrombin.  The  thrombin,  in  some  unknown 
way,  converts  ihc  fibrino<jen  of  the  blood  into  fibrin.  Blood  remains 
fluid  in  the  vessels  of  the  body,  because  thei-e  is  no  Ihrombokiuase  present. 
This  is  supplied  by  tlio  blood  coming  in  contact  with  the  tissues  of  the 
body.  These  authors,  then,  make  the  elotling  of  the  blood  analogous 
to  the  digestion  of  fibrin  by  pnncrcattc  juice.  The  latter  is  supposed  to 
be  converted  from  tr>'psinogpn  to  trypsin  by  the  action  of  the  cntero- 
kinaso  of  the  intestine  in  the  presence  of  calcium  salts.  Thrombin, 
according  to  this  view,  is  really  an  cnzj-mc,  and  it  is  the  thrombin  of 
the  blood  which  eausea  clotting.  This  view  encounters  two  or  three  main 
objections.  First,  there  is  no  evidenoe  that  the  thrombin  is  a  ferment, 
but  on  the  contrary  it  can  be  shown  that  it  unites  with  the  fibrin;  and 
the  amount  of  fibrin  formctl  h  pretty  strictly  proportioanl.  when  the 
conditions  are  kept  constant,  to  the  amount  of  thrombin  added.  In  the 
second  piano,  Ihc  thrombokinaao,  which  they  supposed  to  be  killed  by 
heat,  is  in  reality  hc&t  resistant,  and  'Wooldridgc  showed  that  it  was  a 
phoaphotipin,  but  distinct  from  the  usual  lecithin  of  eggs.  IIowcll  hus 
shown  that  it  belongs  to  the  cephalin  group  of  phospbolipins.  There  is 
no  evidence  that  the  conversion  of  the  fibrinogen  into  fibrin  is  of  the 
nature  of  a  pniteolylie  digestion.  alUiough  tliere  is  no  evidence  against 
this  view,  either.  They  cannot  explain  how  it  happens  that  the  addition 
of  very  little  of  cephalin.  or  CJttract  containing  it,  dots  the  blood  far 
better  than  the  addition  of  thrombin  itself. 

Tietc  of  Nolf  and  IIowcll.  To  account  for  the  fact  that  the  blood 
remains  floid  in  the  body,  although  it  contains  all  the  materials  for 
clotting,  the  simplest  explanntiou  is  that  there  is  present  some  antago- 
nistic substance  which  prevents  clotting.  This  view  has  been  su^ested 
from  various  sources  from  Wooldridge  down  and  has  recently  been 
advocated  by  Notf  end  Howt-U.    According  to  Nolf,  the  blood  contains 


a  substAnne  called  hepatothrombin  to  inclipate  that  it  is  formed  by  th« 
lirer.  This  hepatolhrombia  UDitcs  wiili  leucothrombio  (the  thromboeen 
of  otJier  autliors]  to  form  tlirombin.  Ijeucothrombin  U  supposed  to  come 
from  the  leucocytes,  heuce  ita  name.  According  to  NolF,  bcpalotbronibia 
t^r  itself  unitfa  with  6brm  and  holds  it  lu  soLutiou  so  that  it  ctuuiot  be 
precipitated.  There  is  normally  a  slight  excess  of  hepatotlirombiu  iu 
the  blood  so  that  it  k«eps  the  btoul  Quid,  but  when  blood  is  shed  there 
is  a  discharge  of  Icucothrombin  from  the  leucouytcs.  The  IcucothrombiD 
then  unites  with  the  hepatotbrombin,  and  the  two  together  with  caleium 
malte  thrombin;  this  then  unites  with  the  ilbrint^en,  and  the  three 
make  fibrin.  It  happens  that  there  is  a  slight  excess  of  thrombin  in 
the  blood  so  that  some  remains  la  solution  in  the  serum  after  the  dot- 
ting has  taken  place.  Nolf's  hepatothrombin  corresponds  in  a  general 
way  with  Wooldridgc'a  A-Hbriuogeu  and  with  other  tiasue  thrombins 
or  fibrinogens.  The  hepatothrombin  is  what  others  have  colled  anti- 
thrombin.  In  later  work  Nolf  modified  this  view  somewhat.  According 
to  liowcll,  the  process  is  a  Utile  different.  The  blood  remains  fiutd  in  the 
body  because  there  is  an  excess  of  antithrombin  there.  This  anti- 
thrombin  is  probably  formed  by  the  liver.  The  coagulative  action  of 
tissue  extracts  is  due  to  the  fact  that  they  contaiu  a  ccpfaalin-like  body, 
as  Wooldridgc  tliought,  but  this  cephaliu-likc  body  causes  tlie  clotting  by 
UDiting  with  the  antithrombin  and  thus  getting  it  out  of  the  way.  In 
the  absence  of  antithrombin  the  thrombogcn  is  converted  into  thrombin 
by  the  action  of  the  calcium  and  unites  with  the  fibrinogen  to  make 
fibrin.  This  view  Is  in  many  ways  like  Nolf 's,  although  the  terminology 
is  somewhat  different.    Both  recalL  the  work  of  Wooldridgc, 

Wooldridge's  view.  It  will  be  obvious  from  this  brief  consideration 
how  obscure  the  proccas  is.  Nearly  all  observers  have  ueglected  a  pos- 
sible change  in  the  fibrinogen  aud  have  conceulrakxl  their  alleution  on 
the  thrombin  and  the  changes  it  undergoes.  Hammarsten  s  fibrinogen 
may  not  exist  in  the  blood  as  such.  Tlie  mere  fact  tliat  there  is  a  pro- 
tein olteu  present  whit^h  will  coagulate  at  56°,  the  temperature  of  coagu- 
Inlion  of  fibrinogen,  and  that  fibrinogen  can  be  isolated  from  the  blood, 
is  not  conclusive  evidence  tliat  the  fibrinogen  exists  there  in  an  uncom- 
bined  form  as  it  docs  in  the  Ulrinogeu  solution.  It  must  be  remembered 
that  ao-cultcd  tiijsuc  fibrinogens  not  clotting  with  fibrin  ferment,  but 
coagiilablc  at  56°,  can  be  isolated  from  a  great  variety  of  tissues  of  the 
body.  In  these  circumstances  of  great  confusion  it  i$  better,  in  my 
opinion,  to  go  back  t«  the  work  of  Wooldridgc,  whose  writinge  are  the 
clearest  and  freest  from  preconceived  ideas  of  any  who  have  worked  on 
this  subject.  A  word  maj'  not  be  out  of  place  hei-e  about  this  talented 
man,  who  was  far  ahead  of  his  time  iu  this  vrork.  His  work  has  suffered 
a  most  unmerited  neglect  and  his  obscn'ations  have  been  rediscovered 
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Rince  by  those  who  were  i^^orant  of  liia  precedflooe.  WooWridgo  fltarteS ' 
witli  the  Sohiuidt  view  of  the  iuiportauce  of  leucocytes  Ju  clotting,  but 
he  clearly  showed  in  1883-68  llie  mitcnability  of  this  view.  He  showed 
Ihe  predoHiiuant  place  of  llie  platelets  in  Kloltiiig  and  proved  that  these 
bodies  were,  in  part  at  least,  iu  aolutiun  in  the  blood  and  that  they  were 
t'O  be  considered  as  crystals  rather  than  as  morpholo^neal  clcnicnta.  It 
was  Wooldridge  who  discovered  the  intravascular  elottiuff  by  tissue 
extracts  aiiil  that  the  acceleration  of  the  clotting  by  these  extracts  aad 
the  pl8t«  material  was  due  to  the  alcohol -soluble  lociUim-like  body  io 
them.  Tliis  body  was  not  lecilhin  itself,  since  the  lecithin  from  e^p 
bad  no  such  influence.  It  was  he  again  who  maiutaiucd  at  that  time 
that  ihe  olottiag  of  the  blood  was  in  tbc  nature  of  tlie  cr^-stalliKHtiou  of 
some  supersaturated  liquid,  and  tliat  view  has  now,  withiu  the  past 
three  years,  hccu  demonstrated  to  be  correct.  Wooldridge,  a  young 
moo,  was  opposed  to  the  views  (hl  coagulation  of  Schmidt  and  his  school, 
views  which  were  at  that  time,  as  at  present,  the  dominant  views,  although 
he  showed  their  weakness.  This  opposition  secured  tor  hiui  the  enmity 
or  opposition  of  his  older  colleagues  in  England,  and  the  Etoyal  Society 
refused  to  publish  the  Ci-oonian  Lecture  which  he  delivered  before  them, 
but  buried  it  in  their  archives,  and  it  was  only  published  after  his  dealJi. 
There  is  no  doubt  that  that  lecture  was  far  aiiead  of  any  treatise  at  that 
time  on  the  coagulation  of  the  blood.  This  lecture,  together  with  that 
entitled  "  lilood  PlaRiua  and  Protoplnsma,"  and  his  reports  to  the 
Oroeers*  Committee  are  among  the  most  lucid  and  able  treatises  on 
coagulation  and  should  be  read  by  anyone  who  wishes  to  know  the 
coagulation  of  tlie  blood.  The  great  difficulty  in  tlie  way  of  the  problem 
of  coagulation  at  the  present  day  arises  from  the  attempt  to  harmonize 
the  facts  of  coagulation  with  the  facts  of  immunity  and  with  those  of 
tJie  action  of  digestive  enzymes.  All  of  these  subjects  are  in  tiie  greatest 
confusion  from  the  complexity  of  the  problems.  It  is  probable  that  they 
all  have  the  same  basis.  In  all  Ihe  same  elements  are  fnund:  namely, 
phospholipius,  an  eoq'me-lilce  Kubstaoee,  calcium  salts  and  carbon 
dioxide. 

Study  of  the  coagulation  of  the  blood  will  no  doubt  elucidate  these 
otlicr  processes,  also.  Wooldridge  very  carefully  avoided  giving  any 
nBm(«  to  his  substsnoes  which  might  indicate  a  preconceived  view  of  the 
role  tlicy  were  playing.  According  to  his  view,  blood  plasma  contained 
two  fibrinogens,  A-fibrinog*n  and  B-fibrinogen.  C-fibrinogen  was  the 
ordinary  Qbrinogen  of  Hammnrsten,  but  it  did  not  pre.exi9t  in  the  blood 
in  more  than  very  sniall  amounts.  A-fihrinogen  gave  rise  to  B-fihrinogen, 
and  this  in  turn  to  C-flbrinogen,  and  this  to  fibrin.  A-fibrinog«n  was  the 
substance  which  constituted  the  blood  plates.  This  was  in  solution  in 
the  plasma.    Blood  plasma  was  like  pratoplasma  and  was  indeed  noth- 
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Iff  else  than  a  dilute  iirotoplnsma.  Now,  in  conseiiueBoe  of  variouN 
actions  when  blood  was  shed,  there  was  a  change  in  this  vwy  iui8tiih]e 
form  of  material.  The  first  change  was  the  precipitalioa  of  some  of 
the  A-fibrinogeu.  AVhouever  this  was  precipitated  the  equilibrium  of 
thu  plasma  was  upset  in  mime  way  and  chemical  changes  were  set  up. 
The  A-6brinogcn  st'parated  from  the  pta-sma  beeame  changed  into  fibrin, 
and  one  of  Ihe  pi-udiicts  of  the  phnnge  was  thrombin.  The  action  of 
calcium  salts  in  hastening  this  change  was  unknown  to  Wooldridge.  The 
iiiain  diUcrenec  between  the  various  forms  of  Bbrinogen  and  Abrin  was 
supposed  to  be  ft  difference  in  the  proportion  of  phospholipin  they  con- 
tained united  with  tho  protein.  This  view  is,  of  course,  inadequate,  but 
it  has  the  great  advantage  of  being,  in  a  oense,  a  physico-chemical  expla- 
nation and  is  free  from  the  preeonceptions  of  complement,  amboceptors 
and  antibodieii  which  ciisliruud  most  motlem  views  in  an  impenetrable 
cloud  of  misunderstanding  and  confusion. 

Summary  of  the  dotting  (if  the  hlood.  The  clotting  of  the  blood  is 
essentially  the  cri-stullizatioii  of  a  protein  substance,  fibrin,  in  the  form 
of  liquid  crystals  which  coalesce  to  form  fibrin  strings.  Whether  the 
erystallizaliou  of  this  substance  is  due  to  the  fact  that  the  fibrin  has 
heuu  hold  in  solution  by  its  union  with  wime  inihstance  whii^h  is  dis- 
sociated from  it  at  the  time  of  clotting,  or  whether  it  may  be  that  the 
jibrin  does  not  pre-exist  in  the  b!iio<l  as  such  hut  in  the  form  of  a 
soluble  precursor,  fibriuogeii,  cannot  Ik;  said  with  certainty.  When  blood 
ix  shed,  and  particulai'ly  when  it  comes  in  contact  with  wounded  tissue, 
this  cr^idal ligation  occurs.  T)s»it4?s  contain  sid)stanc<!»  which  hasten  the 
clotting.  There  is  iu  blood  plasma  a  substance  which  may  appear  tn 
tho  form  of  the  structural  dements  known  as  blood  plates.  This  sub- 
stance has  the  property  of  hastening  clotting.  Calcium  salts  are  also 
necessary  to  hasten  clotting.  There  appear  in  tlie  bUiod  as  the  result 
of  clotting  two  new  substances;  one  of  tlicso,  called  thrombin,  has  tlie 
property  of  elotlijig  fibrinogen  solutions  but  not  circulating  blood.  The 
other  ia  known  as  scrum  iibrinogcn.  Its  relation  to  the  filntting  is  not 
known.  Clotting  is  very  much  hastened  by  and  generally  dependent  upon 
contact  with  some  foreign  substance.  Such  substances  appear  to  act  as 
the  points  of  deposition  of  the  erystala  of  the  blood  plates,  and  from 
tliis  separation  tho  fibrin  crystallizes  out.  The  process  of  clotting  is 
greatly  accelerated  by  the  intravascular  injeetion  of  lissne  extracts. 
How  these  various  factors  arc  iuteineltng  ia  still  uncertain,  but  various 
theories  have  bL-cn  given  to  explain  them.  None  of  these  explanations 
arc  satisfactory.  Tho  prof^css  has  many  points  of  rcscmhlnncp.  with  the 
hemolysia  of  the  red  blood  corpuscles.  There,  as  in  the  blood,  a  crystal- 
line substance  comes  out  when  its  union  with  a  Iceithoprotein  is  broken. 
It  ia  suggested  that  the  Iceithoprotein  liolding  the  fibrinogen  in  solution 
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is  the  scrum  fibrin obIoIjuHd  wLiicli  appears  in  the  serum  when  tlte  dbrin 
crj'stallizcs  out.  The  origin  ol  the  fibriiiogcus  is  slilL  obscure,  but  the 
general  roscmhiancc  in  chemical  composition  oE  the  plates  and  tbc  stroma 
of  red  and  white  eorpuiicles  would  suggest  the  derivatiou  of  one  from 
llio  other.  The  role  of  the  liver  in  the  formation  of  the  fibrinogen  would 
thus  be  explained,  also.  It  is  clear  tliat  the  whole  subject  of  the  olot- 
ling  of  the  blood  is  a  very  attractive  field  for  study  from  the  modem 
point  of  view  of  colloid  chemistry  and  liquid  erystals. 

The  following  view  is  suggested  very  tcGtatively  as  barmooiziug  many 
of  the  facts  of  coagulation:  Blood  plasma  is  a  very  unstable,  supersatu- 
rated solatiOD  corresponding  to  a  ver^*  dilute  pi-otoplasm.  its  insta- 
bility may  be  up«et  in  a  variety  of  ways,  Uiesc  ways  being  generally 
tliose  which  ve  recognize  as  acting  as  stimulants  of  cells.  Among  the 
substances  in  solution  in  the  pln-sma  is  a  complex  of  eu^iues,  calcium, 
phospholipin  and  protein,  a  complex  which  probably  cori'csponds  pretty 
closely  in  nature  to  the  clear,  homogeneous  substratum  in  cells.  The 
blood  plasma  is  supersaturated  with  this  substance  aud  under  various 
conditious,  particularly  when  removed  from  the  blood  vessels  and  brought 
in  contact  with  foreign  matter  which  it  weis,  it  crystaJliMa  out  The»e 
ei^stals  arc  liquid  crystals  and,  like  many  liquid  crystals,  they  readily 
cliange  tboir  shape.  Tbcy  are  kuown  as  blood  platelets.  When  in  solu- 
tion they  constitute  the  substance  called  by  Wooldridge  A-fibriuogen, 
aud  the  part  remaining  in  solution  may  be  called  B-fibrinogen.  The 
composition  of  this  nmterial  may  possibly  be  of  the  following  nature: 
I'rotease-fibnn'phospholipin-llirombin-caUium-anUth-roiHbin.  This  onti- 
tlirumhiu  is  poi'tially  dissociabk.  The  stability  of  the  whole  complex 
depends  upon  it.  if  a  little  cephalin,  or  tissue  fibrinogen  from  injured 
tissues  which  contains  cephalin  (tlirombokiuase),  is  added  to  this  nux< 
ture  it  combines  with  aud  removes  some  of  the  antitbrombin.  What 
remains  is  unstable  and  breaks  apart  between  tlie  pbosphotipiu  and  tlie 
thrombin.  The  protease  and  fibrin  crystallize  out  as  fibrin,  taking  with 
tbem  some  of  tlie  phoxphulipin.  The  thrombin  ix-nmiiis  in  solution.  The 
protease-fibrin-phosjikolipiit  fra^ueut  may  be  what  is  called  Haiuiiiar' 
sten's  fibrinogen,  or  U-Bbriuogcn  of  Wooldridgc.  The  action  of  cepbalin 
in  offsetting  the  action  of  anlttlkrombiu  would  be  explicable  in  tbc 
way  suggested  by  Howell  and  others.  The  addition  of  thrombin  to 
C-fibrinogen  causes  it  to  vlul,  but  even  in  the  absouee  of  thrombin  the 
dissociation  of  some  of  tlte  phoKphoIipiu  would  lead  to  a  slow  conversion 
to  fibrin.  The  addition  of  tbrombin  to  blood  would  have  no  eilect,  since 
C-flbrinogen  does  not  exist  free  in  blood  itself.  The  rapid  digestion  of 
the  fibrin  by  the  protease  under  appropriate  coudilious  would  be 
explained,  also.  It  may  be  that  the  iustability  of  the  protcasc-fibi-in- 
phospholipiu-tfarombtu  complex  is  much  greater  when  this  is  present  as 
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AlkMmtj  o£  the  blood.  BtA  Aa  iMttim  sf  tbe  wtek  Uood,  as 
mD  ■■  Aat  •<  tke  Uaad  ptaai^  ia  aJkatine  torod  UIbm,  bat  >eid 
I— ani  gfcPBnIiitlhihin  Thk  faa  that  ihara  wn  Twy  law  ItfJwijl 
kaa  priMt  m  tte  Maad.  Bvt,  vkSa  it  ia  trw  tha  Uead  k  lfa«  alMit 
ncntzal  le  far  aa  ita  ^iliiigm  mb  coalcnt  ■  cnnwfBcd,  H  nervrtbdasa 
kaatbap««w«lM«tnliiiac«D»aalarBaaimnttalatnBSadd  befora 
tta  nactaoa  tn  acid  t*  Btana.  Tha  ceiBeidflDee  «t  thaae  two  propcr- 
tMa  aaaaa  tfaat  Uood  has  in  it  a  good  d«al  of  sonte  very  v«ak  alkali 

ToUi  aftriway.  The  power  oi  tbe  blood  of  neutralixtBg  aeid  added 
to  it  viihoat  haeli  *»*»*—»wc  acid  to  Utans  ia  called  the  total  aDcalini^. 
It  ia  the  total  titzBlable  alkaU.  The  amoont  of  this  titratabla  alkalj  Tmriea 
with  the  amoont  of  protcui  pnaeot  and  under  other  cimi^MtaiiaBL  Ib 
saa  it  haa  been  found  to  be  eqaiTalent  to  a  wdiuBt  eariMoate  aoIntMB 
of  0.^  and  0^  per  cent,  strcncth.  In  oth«r  "■'>""«*W  it  generally  liea 
between  these  extremea.  In  the  dog  it  is  0.49,  and  ia  the  hocM  MA  per 
wot  Ka,CO^  It  ia  aomewfaat  r«duo««l  after  violect  exereiae^  ia  partial 
aaphjrxia  and  in  diabetca.  Tbe  alkalinity  is  said  to  diminisb  rapidly 
autaide  tbe  body.  perlia{i«  owing  to  the  production  of  add  in  the  blood 
HactE^  or  perhaps  for  some  other  rtaaoo. 

Thb  total  alkalinity  of  tbe  blood  is  doe  to  the  proaence  in  the  blood 
aemm  or  plasma  and  in  the  corpuscles  of  sodium  carbonate,  sodium 
bittrbonate  and  of  XatE^K),;  and  to  the  proaence  of  the  alkali  salts  of 
the  proteins  of  both  the  corpuscles  and  tbe  plasma.  When  a  strong  acid 
ia  added  to  blood  it  takes  away  the  sodiuis  and  potasdum  from  theea 
waak  acids,  the  carttontc,  dixodium  bydrogcu  phoaphate  and  tbe  pro* 
taxBS,  to  make  the  neatral  salts  of  the  strong  acid.  Ail  of  theas  adda 
are  very  weak,  and  accordinfrly  it  takes  a  large  amount  of  them  befon 
they  furnish  enough  tiydro^cn  tons  to  turn  litmus  retl.  The  protcina  of 
the  blood  will  also,  in  another  way,  combine  with  the  acid  b>-  meims  of 
their  amino  groups,  so  that  in  two  ways  proteins  noutraliae  acids  pro- 
duced in  the  tissuas  and  which  find  tlicir  way  to  the  blood.  This  acid- 
eombining  power  of  the  btood  is  of  very  gr«at  importance,  for  it  ia  in 
virtue  of  it  that  the  blood  is  able  to  pick  up  the  carbon  dioxide  from 
the  tissues  and  carry  it  to  the  lungs.  It  is  also  of  Tery  great  value  in 
caring  for  an  excessive  pathological  noid  production  in  tbo  tissues,  such 
as  occurs  in  diabetea.    In  this  disease  large  amounts  of  hydroxybutyrio 
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acid  and  aceto-acetic  acid  are  set  free  in  the  tissues  otid  the  blood  must 
c&n?  them  to  the  kidneys  to  get  rid  of  them. 

If,  for  example,  BCl  is  added  to  blood,  the  strong  acid  takes  first 
the  sodium  of  Na,COj,  setting  free  the  very  weak  acid  HjCO,  and  mak- 
iDg  NaCI.  Similarly  it  dispossesses  NajRPOt  of  its  Na  to  form  NaCl 
and  NaH^O^,  and  the  latter  is  also  a  very  weak  acid.  Finally  the 
proteins  exist  both  in  the  corpuscles  and  blood  serum  as  salts,  still  weaker 
tban  these  others.  Na  globulin  and  albumiu  at  first  give  up  their 
metals,  leaving  the  free  globulin,  hemoglobin  aud  albumin,  and  then, 
as  more  acid  is  added,  they  unite  with  ttio  HCl  to  form  globulin 
and  albomiD  UCl,  which  dissociate  few  hydrogen  ions.  Qlorcovcr,  the 
blood,  like  most  tissues,  possesses  a  power  of  ammonia  manufac- 
ture by  which  small  amounts  of  amino  groups  are  split  off  from  the 
proteins. 

Hydrogen  ton  content  of  the  blood.  Blood,  as  so  frequently  emplm- 
aized,  is  a  living  tissue.  The  processes  which  occur  in  it,  tlie  processes 
of  clottiug  and  respiration,  are  processes  probably  like  those  lakiuy  part 
in  all  living  tissues.  Like  the  other  tissues  of  Uic  body,  the  blood  to  work 
at  its  bwt  must  be  nearly  neutral  in  reaction.  It  is  normally  vciy  faintly 
alkaline,  but  when  great  quantities  of  carbon  dioxide  and  other  acid  aro 
poured  into  it  by  the  tissues  it  may  probably  become  nearly,  if  not  quito, 
neutral.  Normally,  however,  when  tissues  are  thus  pouring  acid  into 
the  blood  the  circulation  to  that  organ  is  so  increased  that  sometimes 
the  blood  cornea  sway  from  such  a  tissue  less  acid  and  less  (charged  with 
carbon  dioxide  tban  when  the  tissue  is  at  rest.  The  blood  often  issues 
from  the  vein  of  an  organ  doing  work  in  on  obviously  arterial  state.  It 
has  not  been  reduced. 

The  concentration  of  the  hydrogen  ions  in  the  blood  may  be  deter- 
mined most  accurately  by  means  of  the  gas-chain  method,  but  it  may 
also  be  determined  in  blood  plasma  by  means  of  indicators. 

7'he  gas-ckain  method.  In  this  method  a  platinum  electrode  saturated 
with  hydrogen  gas  is  pailially  immerat;d  in  the  blood,  and  another  elec- 
trode also  saturated  with  hydrngen  gas  i»  pai-tially  immersed  in  a  weak 
solution  of  bydrochlonc  or  some  otiicr  acid  of  which  the  concentratiou 
of  the  hydrogen  ions  is  known.  The  two  electrodes  arc  now  connected 
through  an  electrometer,  and  the  solution  of  acid  and  the  blood  arc 
connected  by  putting  in  between  thorn  a  saiurnted  solution  of  KCl.  The 
arrangement  is  shown  in  Figure  54.  The  hydrogeu  of  the  electrodes 
tends  to  go  into  solution  as  a  positive  ion,  leaving  the  electrode  in  each 
caso  negative.  There  is  thus  set  uj)  at  cacli  electrode  a  difTcrence  of 
potential  between  the  electrode  and  the  blood  or  the  solution  in  which 
the  electrode  is  placed.  The  amount  of  the  potential  difference  between 
the  electrode  and  the  Mention  is  a  function  of  the  number  of  hydrogen 
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ions  in  the  solution.  It  is  proportional  to  the  logarithm  o£  the  ratio  of 
the  pressure  P  of  the  hydrogen  in  the  electrode  to  the  pressure  of  the 
hydr<^en  ions  in  the  solution,  Pa,  or  the  electromotive  force  E=K  log 
P/Ph-    If  Ph  is  the  pressure  of  the  hydrogen  ions  in  the  blood  and  pg' 
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Fia.  &4. — Arrangement  of  apparatus  for  the  mesBurement  of  the  hydrogen  Ion  content 
of  an;  fluid  (Sorensen).  A  rontaJne  tbe  fluid  to  be  examined  and  the  thin  platlnnm 
electrode  which  barelj'  touches  the  liquid  and  la  aurrouuded  wllli  hydrogen  gas  ;  II  contalna 
n  saturated  solution  of  KCI;  O  Is  a  normal  calomel  electrode;  D  Is  the  normal  element 
which  enables  a  determination  of  the  potential  of  the  accumulator  E;  f  Is  a  Wheatatone 
bridge  ;  J  a  bey  permuting  short -circuiting  of  the  capillary  electrometer  and  tbe  throwing 
into  It  either  the  current  from  tbe  normal  clement  or  tbe  gaa  chain.  Tbe  electrode  A.  is 
shown  somewhat  enlarged  to  Fig.  56.  This  electrode  U  particularly  dettgned  tor  the 
Investigation  of  tbe  blood,  as  fresh  blood  Is  easily  Introduced  without  permitting  ale  to 
mil  with  tbe  hydrogen,  and  equilibrium  between  It  and  the  CO]  content  of  tbe  hydrogen 
atmosphere  above  it  la  thue  readily  obtained. 

that  in  the  acid,  then  the  potential  difference  between  the  blood  and  the 
electrode  immersed  in  it  would  be 

E  =  Klog(P/p„) 

and  that  between  the  acid  and  the  other  electrode  would  be 

E'^Klog{P/pg') 

and  the  difference  between  the  two  electrodes,  or  the  electromotive  force 
of  the  circuit  when  the  electrodes  and  the  blood  and  acid  are  connected 
in  the  manner  indicated,  would  be 

e^E-E'=K(IogP/p^-logP/p,,')=K(log  pjj'-logpjj  ^   K  log  (Ph'/Ph^ 

In  this  equation  the  difference  of  potential  between  the  boundaries  of 
the  solutions  is  disregarded,  but  this  can  be  neglected  when  a  strong 
connecting  solution  of  KCI  is  used,  since  the  two  ions  of  this  salt  move 
with  the  same  speed  approximately  and  so  no  difference  of  potential  ia 
set  up.    Since  the  pressures  of  the  hydrogen  ions  are  proportional  to 
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fbe  eoncentraUoiiR  of  the  Iotib  in  the  two  solutions,  wc  can  put  C  q  and  C  a' 
in  place  of  Pa    and  pu'  and  we  bavc  then: 

fl  =  Klog(CaVCB) 

The  value  of  K  is  known  to  be  .057  volts  when  Brifcgs'  logarithms  are 
uised.  Hence,  if  we  mcagurc  the  clectroiuolivo  force  between  the  two 
electrodes  and  C  u'  is  known,  that  is  the  concentration  of  hydrogen  ions 
in  the  acid  solution  of  known  atrengtli,  a  simple  calculation  fs'ivea  the 
valueofCii.  the  concentration  of  the  hydrogen  ions  in  ttie  blood.  Instead 
of  using  a  second  hydrogen  clectrotic  in  im  acid  of  known  strength,  a 
nomml  calomel  mercury  elcclTode  o£  known  electromotive  force  may  bo 
used  instead.    The  current,  or  e,  is  measured  by  balancing  a  current  of 
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Via.  K. — EnlarEfd  i>lectr«<le  vpHd  for  Ihe  »iamlna,tlfiii  of  tbt  hrdragnt  lea  eeoWnt 
of  Mood  or  olhpr  llqtrlil*  cuntelalns  CO,. 


known  strength  through  the  electrometer  against  the  current  between 
the  electrodes. 

The  indicatcr  mtihod  of  determining  the  hydrogen  ions.  The  gas- 
chain  method  requires  some  experience  and  apparatus.  A  very  useful 
Bubstitate  for  it  is  the  indicator  method  by  which  an  approximation  can 
be  made  to  the  actual  concentration  of  the  hydrogen  ions.  Thi.s  method 
depends  on  the  fact  that  various  colored  substances  change  their  colors 
when  they  are  made  alkaline  or  acid,  and  the  point  at  which  the  color 
changes  in  the  difTcrcut  substances  is  at  a  different  degree  of  alkalinity. 
If,  then,  it  is  known  at  what  hydrogen  ion  concentration  a  color  change 
of  any  substance  occurs  and  we  £nd  that  a  solution  just  produces  tliis 
color  change,  it  must  have  at  least  this  (Mweentration  of  hydrogen  ions. 
If  another  indicator  can  be  found  which  docs  not  change  its  color  at 
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tbis  concentration  of  bydrogen  ions,  bat  reqairea  a  higher  coQccntration 
of  h/drogcn  ions,  then,  if  the  blood  can  change  one  indicator  but  not 
auoUier,  the  hydrogen  ion  conceotration  of  the  blood  must  lie  between 
these  two  concontrationa.  Two  siich  indicators  are  lilmns  and  phcnol- 
phthalein.  Litmus  changes  to  a  blue  violet  when  the  concentration  of 
the  hydrogen  ions  are  equivalent  to  a  N/10''  concentration.  In  concen- 
trations of  hydrojrtsn  ions  greater  than  this  lilmns  is  red ;  in  coneentra- 
tions  less  than  this  it  is  blue  violet  or  blue.  Phenolphthalein  is  still 
colorless  at  this  concentration  of  hydrogen  ions.  It  only  becomes  pink 
when  the  concentration  of  hydrogen  is  less  than  N/IO*.  Hcntc,  as  the 
blood  is  alkaline  to  litmus  and  acid  to  phenol plithalcin,  its  hydrogen  ion 
concentration  must  be  between  N/10'  and  N/10*.  By  finding  indicators 
which  cliangc  between  these  two  points  and  at  other  points,  it  is  possible 
to  find  in  this  way  the  appro.ximatc  hydrogen  ion  concentration  of  a 
liquid.  The  method  may  bo  still  further  roflnod  by  Iho  ooinparisou  of 
the  depth  of  color  produced  and  the  tint.  For  tliis  purpose  a  set  of 
tubes  are  made  up  of  which  the  concent rattotis  of  hydrogen  ions  are 
known,  having  bctoi  d«tcrinincd  by  the  gas-chain  method  or  in  other 
ways.  These  tubes  may  have  different  mixtures  of  NajTlPO,  and 
NaUjPO,.  A  drop  of  the  indicator  is  added  to  these  tubes,  and  then 
the  indicator  is  added  to  the  solution  of  unknown  acidity  and  the 
unknown  is  matched  against  the  colors  of  the  known  tubes  until  one 
is  found  to  match.  The  cunceutratlou  of  tlie  hydrogen  ions  in  the 
unknown  tube  will  then  be  equal  to  that  in  the  known  mixture,  or  it 
win  lie  lietween  two  of  the  standards.  Of  course,  tbis  method  cannot 
be  used  with  an  already  highly  colored  liquid  like  Uic  blood,  but  it  may 
be  used  with  the  urine  or  lymph,  blood  plasma  or  gast-ric  juieo  or  other 
body  fluids  little  colored. 

The  following  table  shows  the  concentration  of  H  ions  at  which  the 
different  indicators  undergo  their  color  changes.  The  figures  under  the 
heading  p  are  the  logarithms  of  the  reciprocal  of  the  concentration  of  the 
n  ions.  Thus  when  p^  is  given  as  0.11,  it  means  tliat  tlie  eoncentratton 
of  the  hydrogen  ions  m  equal  to  N/lt>"  or  NxlO~". 


I.     Hjdrogm  ion  Mtinaitratjon  of  ptamjar^  eolutioni  of  acids  (Miobaellfl). 


aciatw> 

AdcUc  Belli  at  IS» 

CniKciiUMlan 

ConcHutxilluD 
O  loni  H  R 

ffi 

ConceBtrBtloci 

CuRMnlntlon 
H  iani  X  IT 

Pn 

1.0 

0.1 

0.01 

0.001 

0.78  xlO* 

O.OI  z  10-' 
0.96  rlO-' 
0.98  X  IO-< 

0.11 
1.04 

2.02 
3.01 

1.0 

0.: 

O.tl! 
0.001 

0.42  X  10  • 
0.13x10' 
0.42  X  10" 
O.lSxlO-i 

2.3li 
&.8S 

3.89 
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2.    Hydrogen  ion  concentrations  of  different  salt  mixtures  for  use  in  the  indi- 
cator  method. 


AcclEc  &ctd  !□<!  Nl  acetate 

Primaij  and  secondiry  N't  pbo»pIiate 

Oo-60a 

1B> 

Acetic  Hcid 

dllDtlOQ 

(Liters  coD- 
lainltigl 
gram  mol) 

Acetate 
dilnltuo 

ConcenCratlnn 
H  lonszN 

ph 

NaHjjPOj 

m/3 
dllQtloo 

NajHPO^ 

m/a 

dilUtlOD 

Concentration 
U  Ions  X  N 

Pu 

32 

6.76  X  10-' 

3.24 

1 

32 

0.64  X  10* 

6.19 

16 

2.88  X  10-* 

3.64 

1 

16 

0.32  X  10  * 

5.40 

8 

1.44  I  10-* 

3.84 

1 

8 

0.16x10* 

6.80 

4 

0.72  X  10-' 

4.4 

1 

4 

0.80  X  10-' 

0.10 

2 

0.36x10-* 

4.44 

1 

2 

0.40xl0-' 

6.40 

1.80x10-* 

4.74 

1 

0.20  xlO-* 

6.70 

2 

0.90x10^ 

6.05 

2 

1.0    1 10-' 

7.00 

4 

0.4B  X  10-' 

5.35 

4 

0.60  X  10 ' 

7.30 

8 

0.22  X  10-* 

5.6G 

8 

0.25  X  10-' 

7.60 

16 

0.11  xIO-* 

fi.96 

U 

0.12  X  10  ' 

7.C2 

32 

0.56  X  10-' 

6.26 

32 

0.61  X  10* 

8.21 

04 

0.28x10-' 

6.56 

NalljPO, 

m/3 
dilution 


2 

4 

8 

16 

32 


Prlmar*  and  wcondar;  sodiam  phoBphale 
S7o 


NajjOPO^ 

m/3 
diintion 


32 

10 

8 

4 

2 


CoDcentratlon  H  lona  x  H 

Pr 

0.77  X  10* 

5.11 

0.38  X  10-' 

6.42 

0.19  X  10-' 

6.72 

0.90  X  10  • 

0.02 

0.48  X  10-' 

6.32 

0.24x10-' 

0.62 

1.20x10-' 

0.92 

0.60  X  10-' 

7.22 

0.30  X  10  ' 

7.52 

0.15  X  I0-' 

7.82 

0.76x10-' 

8.12 

NH^OIl  1»> 

f'u 

SH^OnandNII^C!  at  18» 

Conceit  Ira  tioD 

Con  centra  lion 

Nll^Oil 

NlI^Cl 

Coiiri'ii)  ration 

Pll 

11  lutia 

diiiitiim 

illlutiun 
1 

11  icitii< 
1 .0-2  X  lO' 

1.0 

1.8    xlO-" 

11.74 

32 

7.09 

0.1 

0.67  X  10-' ■ 

11.24 

16 

1 

0.51  x  10  * 

8.29 

0.01 

1.8    xlO-'* 

10.74 

8 

1 

0.26  X  10" 

8.69 

0.001 

0.57  X  10-"  * 

10.24 

4 

1 

0.11  s  10-' 

8.88 

o 

1 

0.(14  \  10-' 

9.10 

i 

1 

o.;ia  X  10-' 

9.40 

1 

2 

O.lflx  10-' 

9.80 

1 

4 

0.80x10'" 

10.10 
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KaOOMta* 


CoDe«nlniUoa 

OontBtntloB  Dtou 

9b 

1                  0.01 
1                  0.001 

0.754  X  10-'* 
0.68    xlO-" 
0.«1    X10-" 
0,59    xlO-" 

14.12 
13.10 
12.21 
11.23 

The  mean  value  of  tlie  hydrogen  ion  content  of  defibrinated  nuun- 
maUan  blood  at  room  temperature,  i.e.,  about  18-20*  C,  has  been  found 
to  be  between  6X10-*  and  2X10-"  {p„=7.2— 7.7).  If  the  dissociation 
of  water  at  thi."!  temperatorc  is  0.72xi0~'*,  the  OH  ion  concentration 
of  the  blood  would  be  1.2x10-'  and  3.6X10  '.  The  blood  is,  therefore, 
a  very  weakly  alkaline  fluid.  The  concentration  of  the  hydrogen  ions 
depends,  however,  on  the  amoimt  of  carbon  diojiide  in  the  blood.  Thus 
at  38^'  C.  for  deSbrinated  ox  blood  Hasselbalch  and  Lundsgaard  got 
the  following  values-.  At  this  temperature  the  dissociation  constant  of 
water,  that  is  the  product  of  tlie  hydrog<?n  and  hydroxy!  ion  concentra- 
tion, is  2.7X10~",  so  that  Ph  of  water  is  6.78. 

COj  (onilun  Pg  (mean  *i]im> 

30  mm.  7.4S 

40   "  7M 

CO   "  Ml 

An  increase  in  the  CO,  increases  the  hydrogen  ion  content 

The  suspension  of  blood  corpuscles  has  a  higber  concentration  of 
hydrogen  ions,  the  serum  a  lower,  than  the  whole  blood  when  under 
tho  same  concentration  of  CO,.    Sorcnsen  gives  the  following  figures: 

f  COgtenildti  Pji'iwraiu  P||  norpnwlt  Pj^  wbolohlixMl 

U.niHe.  >iiip«iBlou 

1S.4  7.68 

tt.T  1M 

2».S  746 

90.0  T.42 

41.0 

*1.7  JM 

S8.fi 
MO  T.flO  T.28 

The  meaning  of  this  is  that  most  of  the  acid  neutralizing  substances 
are  in  the  scrum.  Venous  blood  contains  at  least  twice  as  many  hydro- 
gen ions  as  arterial  blood.  Henderson  showed  that  the  concentration 
of  the  hydrogen  ions  is  only  slightly  altered  in  passing  from  18'  to 
38.5".  Since  the  value  of  the  dissociation  constant  of  water  increases 
from  0.72—2.7X10—'*  within  these  same  tompcmtTire  limits,  it  la  clear 
that  the  hydroxyl  ion  eoncentration  of  the  blood  must  enormously 
increase  in  passing  from  18'  to  38*.  The  product  of  the  concentration 
of  the  hydrogen  and  the  hydroxyl  ions  is  a  constant  The  concentration 
of  the  hydro.\yl  ions  at  35*  is  at  least  twice  or  thrice  that  at  18',  and 
it  iocrcases  15-20  per  cent  in  rising  from  S8*  to  42*.    It  is  obvious,  since 


7.03 


tt.91! 
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oxidotion  is  greatly  dependent  on  the  concentration  of  the  hydi-oxyl  ions, 
that  combustion  or  respiration  must  b^  Jar  more  intense  in  fever  than 
at  normal  temperatures.  Blood  is,  moreover,  but  a  type  of  a  tissue. 
The  (elements  uontrolUug  tlte  alkalioily  of  the  hlood  are  the  same  as 
tliosc  which  control  the  alkalinitj-  of  the  rolls.  A  rise  of  temperature 
in  fever  probably  increases  the  hydroxy!  ion  concentration  of  the  body 
cells  in  the  same  manner  as  that  of  the  blood.  The  hydrogen  ion  concen- 
tration of  the  blood  is  not  very  different  from  that  of  sea-water,  hat  as 
A  role  sea-water  is  a  little  more  alkaline,  particularly  in  the  Bouth. 

The  number  of  H  ions  in  the  Wood  keeps  remarkably  constant.  This 
in  due  to  the  co-operation  of  three  factors:  namely,  the  pres^ncp  in  the 
plasma  of  the  Eslts  of  three  weak  acids — carbonic,  phosphoric  and  pro- 
tein. The  first  of  these  is  present  in  the  largest  number  of  molecules 
probably  and  is  tiie  most  important.  When  acid  enters  blood  it  reacts 
with  the  carbonates  and  phosphates  to  form  carbonic  acid  and  acid  phos- 
phates. The  carbonic  acid  is  rcmove<i  tlirough  the  lungs  very  quickly, 
and  the  kidneys  pump  out  the  acid  phosphates,  restoring  the  blood  to  its 
proper  alkalinity.  Any  rise  of  ZI  ions  in  the  blood  at  once  stimalatct 
the  respiratory  center  and  leads  to  the  elimination  of  carbon  dioxide. 

Osmotic  pressure  of  the  blood. — Since  the  relative  osmotic  pressure 
of  the  blood  and  the  tissues  helps  determine  whether  liquid  sliall  pass 
from  the  blood  to  the  tissue,  or  vice  versa,  and  since  tlie  activity  of  every 
body  cell  is  dependent  upon  the  amount  of  water  in  it,  any  change  in 
the  water  content  at  once  altering  its  activity,  the  osmotic  pressure  of 
the  blood  is  of  great  importance  in  its  functioning.  It  is  obviously 
desirable  that  the  osmotic  pressure  of  the  blood  shall  be  kept  as  nearly 
uniform  as  possible,  in  spito  of  the  eonsidorable  qaantitics  of  water 
leaving  the  body  in  the  lungs,  urine  and  tlirough  the  skin,  and  the  con- 
siderable income  of  water  from  foods  and  drink  and  from  the  oxidation 
of  tlie  hydrogen  of  the  foods.  It  is  one  function  of  the  kidneys  to  keep 
the  osmotic  pressure  of  the  blood  as  constant  as  possible.  The  osmotic 
pressure  of  the  plasma  or  the  whole  blood  is  del^rmJucd  by  the  freezing- 
point  method,  which  has  already  boon  d<:scribcd  (page  201).  The  dotor- 
mination  may  be  made  with  only  a  few  c.c.  of  blood  by  the  Wilson  modi- 
fication of  this  method.  The  freezing  point  of  the  blood  of  various 
mammals  is  as  follows: 

Mmmm^  rr««ti^,  point 

Man    --0.B26'       (VariM  .482-.8(U) 

Ox    ..,., i^ 0.68B         (       "       .54J-.682) 

Hone    OJSM 

Rabbit   0.602 

Sbecp  0.«» 

Pig   0.<]S 

Dos  o^ni 

Cftt  0.fl38 
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The  freezing  poiiit  of  mammalian  blood  is,  hence,  about  — 0,6*  C. 
This  depn«sion  of  tlie  freezing  point  would  mean  an  osmotic  pressure  of 
0.6/1.85x22.4  atmospheres,  or  7.3  atmospheres.  This  is  about  equal  to 
a  one-third  molecular  sugar  solution.  This  osmotic  pressure  is  subjet't 
to  BOme  variation  even  in  the  same  individual.  Thus  Koeppc  fuuud  iu 
bimadf  the  freezing  point  to  be  as  follows: 

0  A.U —.636*  Uoming  fatting  0  am — 0.681* 

12  W .638  11»4  AM Of  12 

IV^  r.it.  (ArtKdiBMr]   ^66  1%  ■>.» 0,U1 

S%  FM .688  S  F.u.  (After  dinner)  0.41T 

The  Kocrotion  of  the  gastric  and  intestinal  juicf^s  thus  increases  the 
osmotic  pressure  of  the  blood.  In  a  fistula  dog  this  increase  may  be  quite 
marked.    (See  page  846.) 

Tlic  arterial  blood  has  generally  a  slightly  lower  osmotic  pressure 
than  tlic  venous  blood.    The  dilTcrcuce  ia  not  marked  (Nolf) : 

—  .674»  —.589" 

.580  .587 

.578  J7e 

MS  JUff 

.SSI  jm 

.687  .585 

The  portal  vein  has  a  lower  osmotic  pressure  than  the  hepatic  vein 

(Fano  and  Botarci) : 

Dog'a  blood 
Potui  T«ta  Uepatle  <rdn  ' 

.092  .m 

All  M7 

.«0£  .«33 

The  osmotic  pressure  of  the  blood  is  due  chiefly,  but  not  exclusively, 
to  the  crystalloids  it  contains,  to  the  eallii,  augar,  urea,  etc.,  but  the 
proteins  oUo  contribute  somewhat  to  it. 

In  cholera,  or  in  very  hot,  dry  regions,  the  blood  may  have  its  osmotic 
pressure  markedly  luorcti£«().  Its  viscosity  Increases  at  the  same  time, 
hence  the  neccesity  of  diluting  it  either  with  wat«r  or  salt  solutions. 

The  tissue  dtiida  of  invertebrates  and  some  of  the  Lower  vertebrates 
have  the  freezing  pointa  shown  in  the  accompanying  table. 

Hio great  diffenmoe  between  the  cartilagiuoits  (Selachians)  and  bony 
fishes  is  seen  in  the  table.  The  former  have  very  little  control  over 
the  osmotie  pressure  of  their  body  fluids.  Their  blood  is  about  the  saiqe 
freezing  point  as  that  of  the  sea-water.  In  teleosts  partial  control  is 
attained,  so  that  the  osmotic  pressure  of  their  body  fluids  is  lower  than 
that  of  sea-water  in  the  sca-fiHhcs,  oud  higher  than  that  of  fresh-water 
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m  the  fresh-water  fishes.  This  independence  of  the  medium  is  in  some 
6ahcs  so  complete  tliat,  like  the  salmon,  they  can  pass  from  sea-water 
to  fresh-water.  It  would  seem  that  the  covering  of  the  gills  of  flsbes 
must  be  of  snch  a  nature  that  it  permits  gases  1o  pass  bnt  not  water.  In 
Selachians  a  considerable  part  of  the  osmotic  pressure  is  due  to  the 
urea  in  the  blood,  which  may  be  present  to  the  extent  of  1.5  per  cent 
The  osmotic  pressure  due  to  the  urea  would  be  about  5.5  atnaoepherea. 
The  total  pressure  is  about  27.8  atmospheres.  The  osmotic  pressure  of 
human  urine  is  about  that  of  s«a-watcr.    a= — 1.3-2.3'. 

FUkziko  Pourrs  or  tub  Fluids  or  Sous  IxrKBrKm&TBS  aito  Vkhteiuutes 

(BotoEd). 

A 

Oo«]«Bt«ratw:       AlcyoRlum  pnlmatum ^2.1Bfl 

Eelihiodenns:         Astropeeten  aurnnUncat 2.312 

Wonm:                 Sipunciilim    nudui    8.31 

CruMtacea ;              Haja  tquinndo £46 

HODUiriiR  rulipirit Z.S9 

CeobalopodK:         Octopus  macropiu 2.24 

Scuuihfwu:             Torpedo  mii.rmanta 2.SII 

Hualelua  valgaiis 248 

Trjgon  violMBft  2.44 

Muatst                CliATaz  ^anUno IM 

Ccnw  gigaa    1.03S 

Cnoilabnu  paro  0.74-0.74 

Box  nlp&   a62-0.88 

ReptilU:               T]MlaMooh«lvs  carelte 0.01 

Frctib-walcr  forau  {Fredcrieq,  etc.) 

CniitMM  I             Aataciu  fluvmtilla  0.80 

TclMsti:                 Aitfniillft  vulguria O.fiS-0.80 

Bantus  AuvintiliB 0.478-0.888 

Ijcndaeui  lobtila 0.48 

Perca  fliiviatilto  OJIS 

Amphibia:             Ram  csoutoota  0.485 

SalaiDAndrn  niamilosa ,.  0.478 

Beptiltai                Kiujh  curop'oi  0.474 

Conductivity  of  the  blood. — The  conductivity  of  the  blood  is  of 
interest  raQinly  beeauae  it  enables  a  computation  of  the  volume  of  the 
corpuscles  in  the  blood.  The  conductivity  is  due  to  the  aalts  in  the 
plasma.  The  corpuscles  oceupy  a  certain  amount  of  space  in  the  plasma, 
but  have  alma^  no  conductivity,  so  that  the  eonducUvity  of  the  plasma 
is  grcolcT  than  that  of  the  blood.  If  the  conductivity  of  the  plasma  is 
determined  on  the  one  hand  and  that  of  the  blood  on  the  other,  the 
volume  of  the  corpuscles  may  be  calculated  by  the  formula  (Stewart) ; 

y^  is  tbe  volume  of  the  corpuscles  in  the  blood  volume  of  100;  ^i,  the 
conductivity  of  the  blood,  and  A,  the  conductivity  of  the  serum. 

Enzymes  of  the  blood. — The  blood  plasma  contains  many  different 
enzymes.  Indeed,  the  blood  plasma  may  be  regarded  as  a  very  dilute, 
liquid,  not  organized  cell  protoplasm,  having  in  it  many  of  the  cell 
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substances  and  showing  many  of  tJie  processes  of  cell  metabolism.  The 
blood  plasrua,  like  tlic  plasma  of  cells,  contains  cazymcs,  oud  among 
thoso  bodies  arc  some  proteolytic  enzymes  of  tvhicli  the  importance  in 
immunity  and  to  the  body  is  fundamental. 

1.  Amylase,  There  is  always  present  a  very  small  quantity  of  an 
ciuyme  which  converts  glycogen  or  starch  to  a  reducing  sugar.  This 
enzyme  is  present  in  very  smaU  amounts.  It  is  increased  if  dexLrins, 
or  starch  or  glycogen,  are  injected  into  tlie  blood,  or  if  these  are  fed 
in  large  amoiintii.  It  is  increased  very  mucli  if  the  pancreas  duets  be 
ligatured.  It  is  believed  that  this  enzyme  comes,  at  least  in  part,  from 
the  pancreas,  but  it  is  not  impofisibic,  since  such  enzymes  are  present  in 
many  other  tissues  such  as  the  liver,  the  salivary  glands,  the  white  blood 
cella,  that  the  enzyme  is  derived,  in  part,  from  other  sources. 

2.  Invtrtin.  This  is  also  present  in  small  quantities,  but  increases 
when  large  amounts  of  eane  sugar  are  fed,  or  when  cane  sugar  is  injected 
directly  into  the  blood.  The  amount  present,  however,  is  extremely 
small,  tie  inverting  power  oE  the  serum  being  very  slight.  Slight  acidifi- 
cation greatly  increases  the  activity  of  this  en^me. 

3.  Qlycolyiic  enzymt.  The  blood  plasma  always  has  some  power  of 
destruction  of  glucose.  This  is  ascribed  to  the  presence  of  a  glycolytic 
enzyme.  What  is  made  of  the  gluoose,  whether  it  is  converted  into 
isomaltose,  or  whether  alcohol,  lactic  acid  or  other  substances  are  formed 
from  it,  is  uncertain.  The  amount  of  the  glycolytic  power  is  said  by 
Lepine,  who  has  principally  studied  this  ([uestion,  and  by  Slosse  to  be 
reduced  in  diabetes. 

4.  Lipases  are  also  present  These  have  their  origin  perhaps  in  the 
poncreas. 

5.  Proteolytic  emymes.  These  are  found  normally  id  the  plasma, 
together  with  their  antibodies:  that  is,  substances  which  prevent  or 
inhibit  their  action.  Thns  there  is  always  present  in  serum  or  plasma 
an  anti-pepsin,  anti-rcnnin  and  anti-trypsin.  These  digestive  CDZ}*me8 
are  thus  rendered  inactive.  Where  they  come  from,  whether  they  are 
reabsorbed  from  the  intestine  in  digestion  or  from  the  glands  in  which 
they  are  formed  is  still  uncertain.  Blood  platelets  contain  or  yield  a 
good  deal  of  proteolytic  enzyme  (Abderhaldeu  and  Deeljen).  A  very 
fundamental  observation  has  recently  been  mode  by  Abderhalden, 
an  obaervatioQ  which  may  go  far  toward  clearing  up  some  obscoro  facts 
of  immunity.  He  has  found  that  the  injection  into  the  blood  of  Btraaee 
proteins  of  any  kind  leads  to  the  appearance  in  the  blood  within  24 
hours  of  enzymes  which  will  digejtt  the  allmmoses,  formed  by  acid  hydrol- 
yoB  from  those  proteins  injected,  and  they  will  not  split  other  alba- 
moecs.  This  fact  he  has  applied  to  tlie  detection  of  pregnancy.  It  was 
toond  that  the  blood  serum  of  a  pregnant  woman,  or  other  mammal, 
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kta  the  property  of  digesting  the  atbamo«e-p«ptoiie  mixture  mftde  1)y 
bydrolyziug  llic  plaeonlal  tissue  of  tliftt  manunal  with  sulphuric  avid. 
The  albumose  is  prepared  in  the  foUowing  way:  The  tissue  or  protein  to 
be  teslctl,  iu  this  case  plsfeatal  tissue,  is  ground  fine  id  a  meat-ehupper 
and  tlien  allowed  to  stand  48  hours  in  50  per  cent,  siilplmric  acid  at  room 
temperature.  The  material  is  diluted,  netitralized,  filtered,  boiled,  fil- 
tered, and  tJic  albumocics  precipitated  by  sittitrating  with  aiiinioniutn 
sulphate.  It  is  irecd  £rom  aulptiate  by  dialysis.  One  c.c.  is  then.  mi:cecl 
with  1  C.C.  of  blood  serum,  diluted  to  fill  the  tube  of  a  polamcope  and 
placed  at  35'  C.  Any  djfrestion  oecurriug  is  sliOM-u  by  the  change  in 
rotatory  power.  This  vhauge  is  very  slight  and  the  ubBervation  must  be 
carefully  controlled,  but  there  appears  to  be  no  doubt  of  its  existence. 

Another  mt-lhod  cousiKts  iu  allowing  tlie  digestion  to  take  place  in  a 
collodion  tulw;.  The  product^s  of  tlie  digestion  are  dialyzed  out,  the 
dislyzaie  is  concentrated  and  the  presence  ot  amino-acids  or  pI^)teiDS 
ebowD  by  tiie  ninhydrin  reaction. 

By  the  optical  method  it  has  b«eo  possible  to  differentiate  pregnancy 
from  TuriouH  tumors,  and  tlie  method  promisea  to  be  of  value  in  diag- 
nosis as  vrnU  as  of  great  tlieoruueal  inlerest.  It  lias  been  found  that 
any  kind  of  protein,  when  iojeeted,  produces  an  enzjine  in  tlie  blood 
which  splits  the  albumose  from  that  protein,  but  not  from  others. 

What  then  is  the  explanation  of  this  cxtraonlinary  power  of  the 
body  to  make  a  special  cni>:ymo  whirh  will  digest  the  albumoeea  of  the 
kind  of  protein  which  calls  it  into  existence,  but  no  others  t  How  is  H 
possible  for  the  body  to  know  at  once  how  to  make  an  enzyme  which 
fits  the  particular  protein  injected,  but  no  other,  and  to  do  tliis  at  the 
first  attempt  for  a  protein  it  and  its  auecstors  have  probably  never  met 
beforeT  Possibly  the  enzymes  are  in  each  ease  formed  from  the  proteins 
themselves,  and  hence  resemble  tlie  proteins  from  which  they  came  so 
closely  that  they  fit  them  best. 

6.  CkoIesteTases.  These  split  the  eholcsterin  esters.  They  ore  prM- 
ent  in  the  blood  corpuscles. 

Proteins  of  the  blood  plasma. — Tlie  plasma  of  mammalian  blood  is 
obtained  by  centrifugal izing  blood  which  has  been  rendered  non- 
eoagulabic  by  potassium  oxalalo,  K€»dium  UiioridK,  hirudin  or  other  means. 
Sueh  mammalian  blood  plasma  contains  normally  5-S  per  cent,  of 
eoagulable  proteins.  Tliese  proteins  are  wnim  albumin,  or  seralbamin  as 
it  is  called;  serum  globulin,  or  serglobnlin;  and  fibrinogen.  They  are 
separated  from  each  other  by  their  varying  ease  of  precipitation  with 
acids  or  neutral  salts.  The  relative  amounts  of  these  three  substances 
vary  under  different  conditiona,  but  arc  approximately  as  follows : 

Fibrinogen O.lS-0.0 

Ssmin  globulin  3.B 

ficnun  albumia  2Jf 
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The  fibrinogen  is  subject  to  Uie  widest  vuriatJon,  slnoc  whenever  tbcrc 
is  prolonged  leucoejtosis  or  suppuration  anywhere  in  the  body,  the 
fibrinogen  increases  and  may  double  or  quintuple  or  even  increase  to 
eight  times  its  normal  amount,  reaching  as  much  as  0,9  per  eent.  of  the 
whole  blood  or  approximately  1.6  per  cent,  of  the  plasma.  (Author's 
obser^'ations.)  It  is  the  impression  of  the  author,  although  no  definite 
study  of  this  matter  haa  been  made,  that  young  animals  generally  have 
more  fibrinogen  in  their  blood  than  old  animals. 

The  relative  proportions  of  serum  globulin  and  serum  albumin  aro 
reported  to  be  different  in  different  animals  and  in  the  same  animal 
under  different  conditions,  but  there  is  no  method  which  peroiJl£  a 
sharp  separation  of  the  two  bodies,  hence  all  observations  of  their 
relative  amounts  are  open  to  serious  question. 

Fibrinogen.  Fibrinogen  is  the  least  soluble  of  the  three  proteins. 
It  is  almost  completely  precipitated  by  saturating  the  plasma  with 
sodium  chloride;  or  by  the  addition  of  a  very  small  amount  of  acctiu 
acid.  It  is  also  eaaily  precipitated  by  water.  It  coagulates,  also,  at  the 
lowest  temperature,  becoming  in.soIuble  at  56'-60'  C.  under  the  usual 
conditions  of  the  plaHma.  It  is  rendered  insoluble  and  eouvertcd  into 
fibrin,  undergoing  some  change  as  yet  unknown,  by  various  agents  gen- 
erally supjxiBed  to  be  catalytic  agents,  or  enzymes,  and  found  in  all 
cells.  These  agents,  whatever  their  natui'e,  are  called  6brin  ferment. 
or  thrombin.  It  has  not  yet  been  shown  that  they  are  euzymes,  and 
strong  reasous  have  been  given  by  Howell  for  doubting  that  tliey  actu- 
ally are. 

Senim  globulin.  Altliough  the  globulins  are  ordinarily  defined  as 
being  insoluble  in  water  and  precipit-ated  from  their  salt  solutions  by 
dialysis,  it  is  not  possible  to  separate  the  globulin  of  the  blood  from 
the  albumin  in  this  way.  Only  a  small  fraction  of  the  globulin  is 
separated  by  dialysis  of  the  serum.  This  small  fraction  is  sometimes 
treated  as  a  separate  protein  and  called  eu-globulin  (eu  meaning  well)  ; 
the  name  signifying  that  it  is  a  typical  globulin.  A  much  larger  amount 
of  globulin  is  precipitated  by  diluting  the  serum  several  times  with 
water  and  then  mixing  it  with  an  equal  volume  of  saturated  solution  of 
ammonium  sulphate.  This  fraction,  which  is  not  precipitated  by  water, 
but  is  by  half  saturation  by  ammonium  sulphate,  is  called  pseudo- 
globulin.  It  is  still  uncertain  whether  they  are  distinct  proteins,  or 
whether  tlic  pseudo- globulin  fraction  continues  to  give  small  quantities 
of  eu-globulin.  The  ease  with  which  the  proteins  change  their  solu* 
bilities  makes  it  very  difiieult  to  settle  a  point  of  this  nature.  The  con- 
tent of  amino-acids  in  the  two  fractions  is  approximately  the  jsame.  The 
globulin  may  be  protected  from  precipitation  by  dialysis  by  the  presence 
of  some   other  colloid.     The  precipitate  obtained  by  salting  out   the 


globulin  is  always  strongly  impregnated  with  a  pliospliolipin  (Hardy). 
To  sepaiale  tiis  it  is  ueces&ary  to  extract  it  willi  alcohol. 

Seram  gtobulm  is  a  simple,  white,  coagnlablc  protein,  coaffolatiiig 
in  the  plsfima  or  ia  3  per  cent,  salt  solution  at  7d\  It  is  soluble 
in  salt  solutionfi,  bat  ia  partially  precipitAlod  by  a  small  quantity  of  car- 
boaie  or  acetic  acid.  It  is  electro-negative  for  the  most  part,  and  prob- 
ably exists  in  the  plasma  as  the  sodium  salt.  Its  name  comes  from  its 
supposititions  origin  from  the  white  blood  globulus  (A.  Schmidt). 

The  difference  in  the  compoeition  of  the  globulin  and  albumin  may 
be  seen  by  comparing  their  basic  amino-acids.  The  albumin  contains  far 
more  of  the  basic  amiuo-acida  than  the  globulin. 

Ik  lOU  GuUB  AMH-fux  Paanas  (Lode  and  Tbomu). 

Senini  allMiBln        Soma  8n-  vitxt.. 

lIi^Udilw    3-4S  1-45  >.74  S.86 

JuguuM   *.e7  4.S1  4.07  5.52 

LywM  U.m  «.7i  «.72  7.40 

ToUl  1»J13  18.71  12-M  15.77 

Serum  atbumin.  This  simple  protein  rcsemblos  serum  globulin 
closely,  it  coagulates  at  about  the  some  temperature,  but  it  is  not  pre- 
cipitin cd  from  the  scrum  by  saturation  of  the  latter  with  magnesium 
8Qlphal«,  or  by  half  saturation  with  ammoniuia  sulphate,  but  it  pre- 
cipitates if  the  filtrate  from  the  globulin,  which  is  half  saturated  with 
ammouium  sulphate,  is  acidified  with  acetic  acid.  The  predpitate  con- 
sists of  a  sulphate  of  the  albumin. 

Origin  and  function  of  the  plasma  proteins. — The  function  of  the 
Uood  proteins  ia  still  a  matter  of  investigation.  Thuy  were  formerly 
supposed  to  be  the  protein  food  of  the  tissues,  but  this  docs  not  seem 
so  prubaMe  since  the  presence  of  amino-acids  in  the  blood  has  been 
shown  and  the  radical  differences  between  blood  and  tissue  proteins 
have  become  clear.  There  never  has  been  any  evidence  of  the  consump- 
tion of  these  proteins  by  the  tissue  ttXU.  The  whole  matter  of  their 
nutritive  value  must  be  left  to  the  future  to  determine.  One  function 
they  undoubtedly  liave:  they  give  to  the  plasma  one  of  its  most  im- 
portant properties,  its  viscosity.  This  is  tlic  fuucLiou  of  the  proteins 
in  the  other  tissues  of  the  body,  ior  it  is  the  proteins  which  give  the 
structure,  the  jelly  nalure,  to  protoplasm;  in  other  words,  it  is  the  pro- 
teins which  determine  the  viscosity  of  the  protoplasm.  Similarly  in  the 
blood,  which  is  a  living  tissue,  the  proteins  contribute  to  the  viscosity, 
a  matter  of  much  importance  in  determining  the  peripheral  resistance. 
The  proteins  of  the  plasma  resemble  the  proteins  of  Uie  tissues  of  the 
body  in  other  ways.  As  they  occur  in  the  blood,  they  are  in  union  with 
phospholipins,  and  there  is  reason  for  thinking  that  the  proteins  of  the 
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body  cells  gonorally  and  of  &11  forms  of  protoplaama  are  similarly  joined 
to  tipin.  Just  as  tlie  blood  changes  its  viscosity  with  the  greatest  eaao, 
at  ouo  time  becoming  more  fluid  and  at  another  more  solid,  so  do  wo 
s(«  tiie  same  properties  in  Die  cell.  The  cell  protoplasm  clots  like  the 
blood.  The  blood,  wlieu  shed,  becomes  more  &i:id,  just  as  ihe  proto- 
plauu  when  it  dies  becomes  more  acid.  Moreover,  there  is  s  marked 
resemblance  between  the  cliaractcr  of  the  proteins  in  the  two  cases.  All 
tissues  of  the  mammalian  organism,  or  at  least  the  majority  of  the 
tissues,  contain  a  protein  which  resembles,  but  is  probably  not  identical 
with,  fibrinogen,  a  protein  wbicli  coagulates  at  56".  Many  of  tliem,  also, 
contain  globulins  and  albumins,  which  resemble,  but  are  not  identical 
with,  the  protoins  of  the  plasma.  Another  important  function  of  these 
proteins  is  in  regulating  the  alkalinity  of  the  blood.  They  neutralize  in 
the  ways  described  on  page  545  the  acids  formed  hy  the  tissue  cells,  in 
part  by  yielding  up  to  the  acids  the  alkali  metals  they  carry,  and  in 
part  by  uniting  directly  with  the  molecules  of  acid.  Botli  these  func- 
tions are  in  common  with  the  proteins  of  the  cell  protoplasm.  In  fact  we 
abalt  probably  not  go  far  wrong  ii  we  consider  the  blood  plasma  as  a 
very  dilute  protoplasm.  The  processes  which  occur  in  it  arc  probably 
the  mirror  of  the  processes  which  occur  in  all  forms  of  living  matter. 

The  origin  of  the  plasma  proteins  is  still  uncertain.  Schmidt,  who 
worked  for  many  years  on  this  problem,  believed  that  they  came  from 
the  wliite  blood  corpuscles  on  the  disintegration  of  the  latter.  Similar 
but  not  identical  proteins  are  found  in  a  wide  variety  of  cells.  Probably 
more  work  has  been  done  upon  the  origin  of  fibrinogen  than  upon  any 
other  member  of  Uic  group.  This  substance,  because  of  its  peculiar 
property  of  clotting  and  the  ease  with  which  it  can  be  removed  from 
the  blood,  is  most  easy  to  study,  but  the  eouelusions  arrived  at  by  various 
observers  are  uearly  as  diverse  as  the  number  of  investigators.  Some 
Imve  concluded  that  the  6brinogcn  is  formed  in  the  liver,  others  from 
the  white  blood  corpuscles,  others  from  tJie  bone  marrow. 

The  problem  has  been  attacked  Ln  the  following  way:  If  a  dog  or 
cat  be  anesthctiKcd,  a  cannula  put  in  Uic  femoral  artery  and  another  in 
the  femoral  vein,  between  one-tliird  and  one-half  of  the  blood  may  be 
withdrawn  from  the  artery  without  killing  the  animal,  if  the  blood  is 
quickly  reinjected.  The  whole  blood  is  estimated  at  about  one-thirteeath 
the  body  weight.  This  blood  is  kept  warm  and  dcfibrinated  by  whipping, 
and  after  filtering  tJirough  a  cloth  is  reinjected  slowly  into  the  body.  The 
injection  must  l>e  slow  or  intravascular  clotting  may  occur.  If  it  does 
occur  the  clots  generally  appear  in  tlic  heart,  being  attached  to  the  valves 
and  cordon  After  allowing  5  minutes  for  the  reinjected  blood  to  mix 
well  with  the  blood  in  the  body  and  the  circulation  to  recover  itself,  the 
same  amount  of  blood  is  again,  withdrawn  and  whipped  and  reinjected. 
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Mog  tliiit  process  5-6  times  the  trlHde  time  of  deflbrinatioa  takidg 
irom  l*A-2*/^  hours,  about  nine-tenths  of  tbe  fibrin  of  the  blood,  is  removed 
and  80  little  remains,  i.e.,  .002- .004  per  cent.,  that  tbe  blood  eitlier  will  not 
clot  at  all,  or  at  the  most  gives  but  a  very  weak  jelly.  The  amount  oC 
fibrin  thus  recovered  is  generally  a  little  le«a,  about  mne-lcutbs  of  the 
amount  which  has  been  calculated  to  be  present  by  a  ((uantitalive  dc- 
lermiQalion  in  a  sample  of  blood  taken  at  the  outset  of  the  dctibrination. 
This  £act  shows  that  neither  any  pronounced  destruction  nor  roforma- 
UoD  has  taken  place  during  the  process  of  defibrination,  otherwise,  unleaa 
both  processes  occurred  equally,  the  amount  recovered  would  b«  leas 
or  more  than  that  found.  The  defibrinated  animal  reforms  the  fibrin  and 
in  the  course  of  24-4S  hours  the  normal  fibrinogen  content  of  the  blood 
is  restored.  This  reformation  of  fibrinogen  takes  place  equally  well 
whether  the  animal  is  fed  or  is  fasting,  and  it  is  clear  that  it  docs  not 
come  from  the  proteins  of  the  food.  Whence  then  docs  it  comcT  Ex- 
periments have  shown  that  the  reformation  takes  place  with  normal, 
or  even  increased,  speed  after  extirpation  of  the  kidneys,  spleen,  pan- 
creas, or  after  ligatiug  off  tbe  braiu  and  uiost  of  the  nervous  system.  It 
also  occurs  normally  after  making  au  iCck  fistula  which  cuts  off  all  the 
portal  blood  flow  through  the  liver,  but  leaves  the  hepatic  artery  open. 
Neither  spkeu,  pancreas,  kidneys,  reproductive  organs,  lyraph  glan<b  o£ 
the  mesentery,  nor  ncn'ous  ^stem  is  then  necessary  for  the  reformation. 
Perfusion  experiments  by  which  defibrinaled  blood  is  perfused  throo^ 
the  legs,  intestine  and  kidneys  have  shown  no  formation  of  fibrinogen  in 
these  organs.  Perfusion  through  ihe  liver  is  also  negative  in  the  experi- 
ments of  some,  and  positive  in  others.  The  fibrinogen  is  reformed  nor- 
mally if  the  liver  and  intestine  are  intact,  but  the  reformation  is  greatly 
reduced  if  the  intestine  is  absent  An  examination  of  the  fibrinogen  con- 
tent of  the  blood  in  the  arteries  and  veins  in  different  parts  of  the  body 
flbom  that  in  all  reciona  of  the  body  bat  the  intestine  tbe  venous  blood 
hat  leas  fibrin  than  tho  arterial.  The  portal  or  mesenteric  veins  alone 
show  generally,  but  not  always,  a  larger  amount  of  fibrinogen  than  the 
arterial  blood.  From  these  observations  it  would  appear  that  fibrinogen 
i<i  taken  out  of  the  blood  tn  its  passage  through  most  of  the  organs  of  the 
body  and  in  particular  in  the  kidneys,  and  that  it  is  added  to  tbe  blood 
darinir  its  psssage  through  the  vcsm-Is  of  the  intestine  or  the  liver,  since 
some  observations  indicate  that  the  aniuuut  of  libriot^cn  in  the  hepatic 
Uood  is  greater  than  in  the  portal.  While  none  of  the  metbods  of  the 
qtiantitative  determination  of  fibrinogen  are  quite  aatisfaetory  tbe 
remits  are  so  uniform  as  to  indicate  that  tbe  differenees  obtained  between 
tbe  arterial  and  venoos  blood  really  r^resent  actual  differenees. 
Tbe  fibrinogen  appeant,  then,  to  be  added  to  the  blood  in  the  prarta]  area 
and  chiefly  in  the  intestine.    Whether  the  liver  is  active  or  not  in  tbe 
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process  is  imdecided.  It  was  not  supposod  lliat  the  iDtcstine  formed  tho 
fibrinogen  from  its  own  peculiar  tissues,  except,  perhaps,  tho  Ijiiiph 
tissues,  but  thut  the  fibrinogen  came  probably  from  tlie  wliit«  blood  cells 
and  that  iJic  place  of  their  destruction  was  probably  the  inlostiual  area. 

The  oiiiy  method  known  to  increase  the  uiuoitut  of  lihrmegfii  iu  the 
blood  is  by  suppuration.  Any  prolonged  Buppuratiou  anywhere  in  the 
body,  and  however  produced,  is  accompaoicd  by  a  great  increase  iu  the 
Bbrinogcn  content  of  the  blood.  This  increase  may  be  enormous,  more  thao 
eight  times  the  normal  anioimt  being  present.  The  reason  for  tliis  great 
inerease  in  fibrinogen  has  never  been  explained.  It  is  possible  that  it  Li 
part  of  Uie  defen.sive  meehsnism  of  the  body  against  infectious  and 
fever,  tbe  viscosity  of  the  blood  being  increased  thereby.  The  blood  in 
all  such  eases  nearly  always  shows  that  the  red  corpuscles  agglomerate 
and  sink  much  wore  rapidly  llian  normal  so  that  the  blood  may  have  a 
coat  of  serum  or  plasma  above  the  clot  free  from  corpuscles,  the  so-called 
buffy  coat,  or  frusta  inHanitnatoria,  which  had  been  obsorx-ed  by  the 
physicians  when  bliwding  wa.s  comiiion.  Thi.t  proi'ess  of  aggUilination  of 
the  corpuscles  must  also  increase  the  viscosity  of  the  blood  and  would 
tend  to  reduce  the  speed  of  blood  flow  and  perhaps  make  conditions 
favorable  for  the  passage  of  the  white  blood  cells  out  into  the  tissues 
where  the  infection  is.  Inasmuch  as  any  great  or  prolonged  leucocytosia, 
as  iu  infections,  is  accompanied  by  an  increase  in  iibrinogeu  and  >t  is  also 
accompanied  by  an  increase  in  the  decomposition  of  the  Icucocj'tes,  the 
author  drew  the  conolnsion  that  probably  the  fibrinogen,  and  the  other 
blood  proteins  as  well,  originated  in  the  white  blood  cells. 

Opposition  to  this  view  has,  however,  been  fairly  wid^^pread.  Both 
Nolf  and  Doyon  believe  that  the  liver  forms  the  fibrinogen.  The  reason 
for  this  conclusion  is  Ihnt  the  liver,  lik<>  tnnny  other  organs,  contains  a 
protein  which  may  be  extractetl  and  which  coagulates  at  the  same  tem- 
perature OS  fibrinogen.  It  has  never  been  shown,  however,  that  this 
protein  is  fibrinogen  and  that  it  has  the  property  of  dotting  on  adding 
tlbrin  ferment.  Another  fact  siipporliiig  the  view  that  tho  liver  forms 
fibrinogen  is  that  when  one  poisons  t^e  liver  with  phospliorus  or  chloro- 
form, so  that  there  is  exteiifcive  dt-generation  of  this  organ,  tlien  th« 
amount  of  fibrinogen  in  the  bloo<l  is  n-ducfd.  Thenc  latter  observations, 
however,  do  not  show  that  the  fibrinogiii  is  foriiied  in  the  liver.  It  is 
not  to  he  supposed  that  the  livor  is  tho.  only  organ  afTccted  in  phosphorus 
or  chloroform  poisoning.  The  disappearance  of  tho  fibrinogen  might  be 
duo  to  the  fact  tliat  the  consumption  rose  above  tho  power  of  produc- 
tion, or  that  directly  or  indirectly  other  tissues  which  produced  the 
fibrinogen  were  ulTeeled.  It  may  be  that  the  liver  forms  an  eu^me, 
which  may  digest  the  fibrinogen  and  Ihat  on  its  deiitruction  Uiia  enzyme 
gets  I0068  In  the  blood. 
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There  is  stjil  another  possibility  of  the  origin  of  Uie  fibrinogen.  It 
may  b«  foi-iued  in  ciie  bone  marraw.  It  is  said,  indeed,  thai  Utu  amount 
of  activity  of  ibis  tissue  is  greater  after  defibriuaLiou.  And  that  is  not 
improbable.  It  is  said  also  that  libriiiogcu  can  be  isolated  From  the 
bone  marrow.  Since  tliis  is  Uiu  bluod-turtuing  tj&sue  in  tlie  adult  body  it 
ia  most  probable  that  tiie  proleius  arc  derived  from  tho  bone  marrow 
or  from  the  blood  cells.  The  blood  is  a  living  tissue.  lilvery  living  tlssaa 
has  proteins  pcL-uliar  to  lliat  tissue.  Wore  tlie  protoina  the  same,  the 
chemical  processes  in  dilTerenL  tissues  would  be  the  same.  But  ve  know 
that  Ihey  are  differeuL  Every  tii«iuu  foniis  its  own  peculiar  proteins. 
It  is  probable,  liicrufore,  tliut  the  blood  ix  formed  by  itself.  It  makes  its 
own  proteins.  The  pluce  where  it  is  made  is  either  in  the  bone 
marrow,  which  is  the  blood-forming  organ  in  the  body,  or  by  tie  dis- 
integration, that  is  the  further  dilYerentialion,  of  the  blood  corpusclea, 
and  in  particular  the  white  cells.  It  is  certain  that  the  white  cellB,  and 
possibly  tJie  reds  lis  well,  are  eonstaully  giving  off  subHtaiice  lo  the  blood. 
They  disinti-grate.  Their  Kiirf»<'es,  as  Kite  ha.4  shown,  are  sending  out 
con.Htautly  great  streamcrN  of  protoplasm  into  tlie  plasma.  It  is  probable, 
then,  that  they  arc  conslantly  coiuributing  to  the  protein  constitution 
of  this  tissue  and  that  they  keep  it.^  constitution  fairly  constant.  It  is 
possible  that  the  endothelial  cells  of  the  blood  vessels  also  play  a  part 
in  this  process.  This  possibility  should  be  carefully  investigated,  but 
the  fact  that  the  reformation  of  fibrinogen  lias  never  been  described  in 
the  great  number  of  perfusion  experiments  of  living  organs  witb  de- 
fibrinatod  blood  indicates  tJmt  more  than  one  tissue  is  concerned  in 
this  process.  It  may  be  that  dclilirinattHl  blood  does  not  reform  its 
proteins  on  perfusion,  because  the  raw  materials,  the  leucocytes,  are 
lacking.  A  circulation  througl)  the  bone  marrow  and  then  through  tlie 
intestinal  area  would  possibly  be  more  successful.  The  origin  of  fibrino- 
gen and  other  proteins  is  then  still  obscure  and  must  be  left  for  future 
investigations,  but  the  evidence  favow  its  origin  from  the  blood  cells,  the 
white  blood  corpQgcle«,  and  possibly  the  blood-fonning  organs,  Uie  bone 
marrow. 

Experiment  has  sho«Ti  that  when  the  fibrinogen  is  reformed  aft4»r 
Jufibriuatiou,  iJiere  is  no  increase  in  the  per  cent,  of  the  other  proteins 
of  the  h1oo<l.  That  is,  iJie  refomiation  of  the  fibrinogen  does  not  in- 
volve a  simultaticoiis  increase  in  the  globulin  and  albumin,  as  would  be 
expected  if  all  thrL-«  were  formed  simultaneously  by  the  decomposition 
of  some  cells  sudi  as  the  leucocytes.  However,  this  fact  ia  not  conclusive 
evidence  against  the  common  origin  of  all  three  of  the  proteins,  sinee 
some  regulatory  moehanism  might  remove  these  proteins  as  rapidly  as 
they  were  formed.  Tbero  is  often  a  slight  decrease  in  the  other  blood 
proteins  coinciding  with  iJie  reformation  of  the  fibrinogen,  from  which 
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it  might  be  inferred  Uiat  the  6brmogen  was  derived  from  the  globulin, 
Bs  Schmidt  thought.  But  ag^imt  this  conclusion  is  the  fact  Uiat  tlie 
decrease  takes  plaue  duriug  t)]t!  (Ictibrinatioii  and  not  during  the  reforma- 
tion. It  luoka  ratlit^r  bs  if  some  of  tJie  serglobuliiis  contributed  to  the  for- 
Diatiuu  of  ihu  iihriu  and  this  is  not  )Dii>ossible.  Schmidt  found  that  tlie 
weight  of  the  fibrin  recovered  from  serum  was  increased  by  the  addition 
of  paraglobulin  to  tliu  surura.  The  relation  of  the  fibriuogea  to  the  other 
proteins  is  still,  therefore,  a  matter  to  be  investigated. 

The  source  of  the  other  blood  proteins  ia  still  more  obscure  than  Uiat 
of  fibrinogen.  The  same  mtiUiod  may  be  used  in  their  study.  The 
detibrinated  bloo<l  may  be  centrifugalized,  the  corpuscles  suspended  in 
Ringer's  solution  and  reinjected.  It  is  necessary  to  add  to  the  Kingcr's 
solution  Home  gum  arable  to  make  the  viscosity  right.  After  several 
drawings  and  rcinjcctions  tite  blood  is  nearly  freed  from  the  proteins. 
The  couiae  of  their  reappearance  can  then  be  watched.  The  method  is 
tedious  and  time -consuming.  It  is  found  that  the  paraglobulin  and 
albumin  will  be  reformed  in  about  tlie  same  time  as  is  requii'cd  for  the 
reformation  of  the  fibrinogen.  Nothing  is  known  of  the  origin  of  these 
proteins. 

Function  of  the  endothelium  of  the  blood  vessels. — It  is  the  pur- 
pose  of  tliis  book  to  raise  ciuestions  and  if  possible  to  raise  more,  by 
far.  tlian  it  answers.  The  question  must  occur  to  every  student  of 
physiology  what  is  tho  function  of  the  endothelium  of  the  blood  vcssolsf 
These  are  generally  thought  of  as  passive  tubes  for  the  transportation 
of  the  blood,  but  we  must  now  consider  them  as  living  things.  Th^ 
have  a  good  nerve  supply.  What  is  the  function  of  Ihetic  nerve  fibers 
distributed  to  the  uapillaricti  of  Uie  body  t  The  vascular  and  lymphatic 
endothelium  Ik  a  great  organ,  a  living  tissue,  peuutrating  all  tiie  organs 
and  parts  of  the  body.  It  is  probahly  not  piuraivc  siuw:  it  certainly  plays 
a  part  in  the  coagulation  of  tiio  blood.  It  must  bo  constantly  interacting 
with  the  blood,  changing  its  composition,  possibly  aifcctlug  Us  viscosity, 
controlling  the  secretion  of  lymph,  and  possibly  contributing  hormones 
of  importance  to  the  body.  What  substances  docs  it  require  for  its  natri- 
tionl  Does  it,  like  the  corpusolca  of  tho  blood,  send  out  into  tlic  stream 
fine  processcsl  Does  it  take  fibriuogen  out  of  the  blood  and  put  it  InT 
If  it  controls  the  viscosity,  as  its  relation  to  the  clotting  implies,  how 
does  it  do  itt  Is  it  by  shedding  fibrin  ferment?  By  secreting  enzymes 
specifically  suited  to  the  blood  protcinsT  Is  il.  in  these  cells  that  the 
strange  proteins  injected  into  the  blood  are  imprisoned  and  do  they  form 
the  spcciBc  enzymes  which  appear  in  tho  blood  when  strange  proteins  are 
injected!  Do  they  form  the  precipitins  and  immune  bodies?  Is  their 
activity  controlled  by  the  nervous  syslemt  Are  they  actively  phage- 
oyticT    Do  they  change  their  adhesiveness  as  the  corpuscles  do,  so  that 
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bacteria  and  other  cells  will  stick  to  tiiemT  Here  is  an  organ  coextensive 
witli  the  body  of  which  we  know  very  little.  Who  knows  but  that  some 
great  gaps  in  our  knowledge  of  the  most  fundamental  quostions  may 
not  be  solved  by  its  study.  In  the  text-books  of  the  future  it  may  be 
that  more  than  a  chapter  must  be  given  to  ihia  tissne  of  whose  cfaemistTy, 
metAbolism  and  function  we  arc  so  profoundly  ignorant. 
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CHAPTER  XIII. 

THE  MASTER  TISSUE  OF  THE  BODY. 

THE  BRAIN  AND  NERVOUS  SVSTBM 


OHBIOSTBT  AND  UETABOUSII  OP  THE  1UST£B  TISSUE  OP  THE  DODT. 

The  brain  and  nervous  syatem  control,  either  directly  hy  nervo  im- 
pulses or  indirecU/  through  the  blood  stream,  the  mct&boli&m  and  ac- 
tivity of  all  the  other  tissues  of  the  body.  They  are,  hence,  the  master 
tiasno  of  the  body.  While  the  greater  part  of  llie  metabolLsm  of  tlie 
body  is  muscular  metabolism,  the  musdes  by  their  bulk  domiuatiug 
the  character  of  the  metabolism  of  the  body  as  a  whole,  the  superior 
reactivity  or  irritability  of  the  nervous  tissue  enables  it  to  control  or 
to  set  the  pace  for  atl  the  other  tissues. 

The  chemistry  and  metabolism  of  the  nervous  tissue  is  from  almost 
every  point  of  view  tlie  most  absorbing  and  interesting  of  the  problems 
of  physiological  chemistry.  In  tlic  evolution  of  Uie  vertebrates  it  seems 
to  have  been  this  tissue  more  Ihau  any  other  upon  which  the  attacks  of 
natural  selection  have  been  dirccled.  Between  tlic  marnuplals  and  the 
placental  mammals  the  cbiet  ditTcrCncc  is  not  so  mudi  a  change  of  form 
or  structure  of  the  body  aa  it  has  been  a  change  in  capaci^  of  the  skull ; 
a  change  in  brain  power.  And  the  marsupials  wore,  undoubtedly,  in  this 
respect,  superior  to  the  mouotremes.  It  is  brains  which  have  sron  sur- 
vival in  tbe  struggle  for  existence.  Evolution,  since  the  appearance  of 
the  vertebrates,  is  wtpecially  characterized  by  the  steady  development 
of  tlie  nerrous  system,  its  increase  in  amount  and  complexity.  Con- 
comitant  with  this  perfecting  has  come  the  development  of  memory, 
Bclf-corwciousnesH  and  reason.  It  is.  indend,  astonishing  how  extraor- 
dinarily small  was  the  amount  of  nervous  tissue  in  tlio  gigantic  Dino- 
saurs, reptiles  which  once  must  have  dominated  creation.  But  they 
were  undoubtedly  supplanted  by  their  more  clever  though  smallop  rela- 
tives. The  vertebrates  differ  from  the  invertebrates,  also,  as  profoundly 
in  tbe  amount  of  nervous  tis.sue  they  contain  as  in  any  other  way.  The 
circumesophageal  ring  of  nervous  matter  of  the  invertebrate  is  re- 
placed by  the  great  ganglia  of  the  vertebrate  brain.  In  fact  the  whole 
ot  evolution  is  cbaracteriKed  by  the  steady  development  of  the  nervous 
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system  and  bj-  Uie  steady  dovolopment  of  no  oilier  tissue.  The  power 
of  adapting  tJic  orfi^isoi  to  a  changing  environment  has  been  the  prob- 
lem nature  has  iiad  to  solve.  It  solved  it  by  the  development  of  a  tissue 
of  the  body  whit-h  should  be  most  irritable,  wliich  should  control  the 
other  tissues  and  which,  liaving  memory,  could  profit  by  experieneo. 
Adaptability  of  organisias  was  the  end  sought  and  this  was  obtained  by 
the  selection  of  the  function  of  irritability.  The  nervous  tissue  and  it 
alone  shows,  hence,  a  fairly  steady  progress  from  the  lowest  to  the 
highest  animals.  It  is  by  means  of  his  nervous  system  and  in  that  re- 
spect only  that  man  stands  at  the  summit  of  the  animal  world. 

Not  only  has  the  nervous  system  been  the  point  of  attack  of  natural 
selection  and  so  lias  played  a  predominant  part  in  evolution,  but  it  is 
also  of  tlie  highest  importance  in  embryolc^ieal  developraent.  Since  it 
is  to  control,  directly  or  indirectly,  the  metal)oIism  of  all  the  other  tisgae»i 
of  the  body,  it  is  almost  or  quite  the  first  of  the  tissues  to  be  set  apart 
in  embryogenio  development.  Its  development  appears,  according  to 
Child,  to  set  the  pace  for  the  development  of  the  other  tissues  which 
follow  it.  It  is  probable  that,  like  the  growing  bud  of  the  plant,  the 
metabolism  in  the  embryonic  nervous  system  is  higher  than  in  any  other 
tissue  of  the  body.  In  the  vertebrate  it  is  the  rudiment  of  the  nervous 
93?8teni,  the  nervous  folds  of  the  cord  and  brain  and  the  eye  vesicles 
which  appear  earliest  in  development. 

The  function  of  the  fore-brain  and  particularly  of  the  cerebral 
hemispheres  is  memory  and  reason.  This  organ  is.  as  it  were,  an  epitome 
of  the  whole  body,  for  it  is  brought  into  relation  with  every  part  by 
means  of  nenx  fibers.  No  doubt  this  centralisation  of  the  body  in  the 
brain  plays  a  part  in  the  development  and  perfecting  of  se1f'<ton3cioua- 
neas  and  memory.  Rca.soning  and  all  our  psj'chic  lif(>  are  dependent,  in 
some  unkuowD  way,  upon  this  master  tissue.  For  these  reasons  the  study 
of  the  chemical  composition  and  chemical  transformations  of  the  brain 
possesses  a  fascination  above  that  of  the  metabolism  of  any  other  part  of 
the  body  whatever. 

Structure. — The  nervous  system  is  partly  condensed  into  great 
ganglia  constituting  the  brain  and  spinal  cord,  which  are  found  in  the 
caTitiu  of  the  skull  and  vertebnc;  and  in  part  it  is  distributed  through 
the  body  in  the  form  of  ganglia  or  nerve  fibers  or  itwilatetl  nerve  cells. 
Among  these  groups  of  ganglia,  which  are  outside  of  the  apinal  canal, 
the  ganglia  of  the  sympathetic  system  found  ventral  to  the  vertebre  and 
in  the  abdomen  are  the  most  important.  We  shall  treat,  in  this  chaptefjU 
almost  ex(!liLsivcly,  the  composition  of  the  brain  and  cord,  aincc  theae' 
have  been  most  studied. 

The  brain  is  composed  chicfiy  of  nerve  cells  with  their  procesaes,  the 
dendrites  and  nerve  fibers.     There  is  also  prespnt,  however,  a  small 
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amount  o!  coiuiootivu  tissue  supporting  the  blood  vessels;  and  a  kind  of 
suppoiiiug  tissue  compostfj  of  peoiiliar  branching  ceils  called  iieuroglia 
cells.  These  neuroglia  cells  appear  to  support  tJie  nerve  eella.  Notlimg 
^38  more  gtriking  or  significant  in  eousidering  llie  metabolinni  of  tliis 
sue  than  the  arrangements  which  iiisurc  a  very  large  bluod  supply. 
The  brain  is  supplied  with  blood  Croin  the  external  carotids,  iha  internal 
^cai-otids  and  the  vertebral  artcricsj  thcec  pour  Uicir  blood  info  a  oom- 
lon  aeries  of  great  vessels  about  the  base  of  the  brain  called  the  circle 
of  Willis  and  from  this  the  blood  vessels  are  given  oS  pfinetrating  ever^ 
srtion  of  the  brain  substance.  It  thus  happens  that  evon  if  both  ex< 
ernal  carotids  are  compressed,  or  otherwise  reudt-red  iuuapable  of  earry- 
ing  blood,  the  other  arteries  are  able  to  supply  the  needs  of  the  brain. 
This  remarkably  copious  blood  supply,  when  taken  in  eoiiufctiou  witli 
Uie  sudden  change  iu  aetivity  uf  the  brain  when  that  sujiply  is  defieicnl, 
indicates,  very  dearly,  that  t.hc  brain  must  have  a  very  intense  me- 
tabolism. 

The  brain  cells  have  usually  two  kinds  of  processes,  the  oxon,  so 
colled,  and  the  dendrites;  the  former  generally  constitutes  the  nerve 
fiber  and  iu  the  vertebrates  is  generally  surrounded  by  a  special  sheatli, 
the  medollary  sheath.  By  means  of  these  fibers  the  cells  are  brought 
into  connection  with  other  nerve  cells  at  a  distance,  or  with  muscular 
and  other  tissm-s.  One  of  tlieae  processes,  the  principal  one,  as  has  been 
said,  is  often  surrounded  by  a  peculiar  cylindrical  slieatL  of  a  glisteuiug, 
white,  fatty  matter  of  a  peculiar  chemical  nature.  Nothing  is  definitely 
jkno^Kii  of  the  function  of  this  sheath,  but  it  gives  to  nerves  their  glisten- 
ring  white  appearance;  and  in  the  brain  the  nervous  matter  may  be 
separated  into  white  and  gray  matter,  the  difference  between  these  de- 
pending on  the  relative  amounts  of  medullated  nerve  fibers  and  cell 
bodies.  The  parts  of  the  Dcr\'ous  tissue  which  consist  chiefly  of  cell 
bodieB  and  dendrites  are  gray ;  the  fibers  are  white.  The  corpus  calloaum, 
the  broad  tliiclf  band  of  medullated  fibers  connecting  the  two  cerebral 
hemispheres,  is  purely  white  matter;  the  great  giuiglia  of  the  corpora 
quadrigemina  and  striata,  and  the  cortex  of  the  oerebniin  are  largely 
gray  matter.  These  different  parts  of  the  brain,  the  white  and  gray 
Fmatter,  have  different  functions  and  different  chemical  compositions. 
The  gray  matter  is,  on  the  whole,  more  automatic,  in  that  nerve  impulses 
originate  iu  it  ■  the  white  matter  is  more  purely  a  conducting  tissue. 

Chemistry. — The  chemical  composition  of  tlie  brain  can.  be  best 
|.vtudicd  in  the  human  brain,  for  not  only  is  man's  brain  the  largest,  but 
tiie  peculiar  pi^yohioal  processes  correlated  witli,  or  dependent  upon, 
the  nervous  system  have  in  him  reached  their  higliest  development. 
Bia  brain  is  the  most  highly  differentiated  and  appears  to  be  the  most 
perfect    We  should  expect  to  find  in  it,  in  the  largest  amounts,  and  in 
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the  purest  uomixed  state,  the  peculiar  substances  upou  ffltieh  the  psychic 
processes  depend.  It  is,  moreover,  relatively  easy  lo  olitaio  Immau  brain 
material  for  enatygU;  the  large  number  of  aocideuts  by  which  men  in 
the  prime  of  life  are  kilted  making  available  brain  material,  uualt«red  by 
disease. 

The  most  strikixtg  point  of  difTcreuoe  between  the  ebcmislry  of  the 
bniu  ind  that  of  otlier  tissues  is  the  very  large  <{uautity  of  atcohol- 
etiar  soluble  substances  it  coulains  ;  that  is  the  very  large  proportion  of 
lipins  in  it.  No  other  tissue  has  anything  like  such  a  propoition,  with 
the  exception  of  fat  tissue  itself.  The  lipiris  of  the  braiu,  however,  are 
almost  entirely  free  from  neutral  fat.  Thfi-L*  is  practicjilly  no  neutral 
fat  iu  the  huiuau  br&in;  the  lipius  found  there  coutaiu  large  amouuta 
of  phoftphorie  avid,  or  at  least  mauy  of  Mieni  do;  ihvy  arc  phospho- 
lipius,  glyuolipiiui  luid  cholesterol.  That  these  lipins  hiivu  a  wry  im- 
portant function  iu  the  ph^'siology  of  the  brain  there  can  bo  no  doubt, 
since  they  are  present  in  very  much  smaller  emounta  in  the  embryonie 
nervous  sysu-m  and  they  develop  pari  passu  with  the  development  of 
the  functions  of  the  braiu.  Most  of  these  lipins  are  iu  the  white  matter 
of  tJic  braiu;  but  the  proportion  is  also  high  in  the  gray.  The  proteins 
arc  far  less  proiuiiifut  among  the  total  solids  thau  in  mus<;le.  Iu  both 
white  and  gray  Hubitlauee,  however,  water  makes  by  far  the  grctitcr 
proportion  of  tlie  weight  Thus,  in  tlie  gray  mailer,  it  is  85.27  per  cent. ; 
in  the  white  matter  of  the  adult  human  brain  it  is  70.23  per  cent.  The 
proportion  of  water  varies  with  tlic  age,  being  largest  in  the  youngest  ] 
brains. 

Our  knowledge  of  the  chemical  composttion  of  the  braiu  is  owing 
largely  to  Thutlichum,  a  man  of  extraordinary  care,  accuracy,  inaiglit 
and  industry,  whose  uhililies  were  much  underrated  duriug  his  life. 
Tor,  owing  partly  to  nn  unusually  coiuhative  nature,  lie  alicuated  many 
of  his  coUoo^es  and  his  work  was  long  neglected.  There  is  no<nr, 
however,  no  qiiestion  that  he  was  far  in  advance  of  all  others  in  this 
difficult  lii'ld  and  his  book,  publitiiicd  in  1901,  eutillcd,  Die  chtmischs 
Konstitulion  des  Oehirns  dfs  Mensehen  und  dtr  Thitre,  nocA  eigc'nerv\ 
Forschungen  bearheiut  is  a  uionuiiieut  lo  his  ability  and  insight.  A 
German  by  birth,  he  livwl  most  of  his  life  in  Euglimd.    He  died  in  1902. 

Chemical  Examination  of  the  Brain.  Separation  of  the  Phosopho- 
Hpins. — The  method  adopted  by  Thudii-hum  for  the  chemical  examina- 
tion of  tlie  brain  consisted  in  first  freeing  the  brain  from  its  mcmbritnes, 
the  pia  mater,  etc.,  and  the  blood  vessels,  then  drj-ing  and  extracting  it 
thoroughly  with  alcohol  and  other.  To  get  rid  of  the  water  in  it  the 
brain  can  cither  be  ground,  or  cut  into  small  pieces  aud  dried  in  a  cur- 
rent of  air;  or  the  pieces  may  be  placed  in  90  per  cent,  alcohol,  at  leaat 
three  volumes  of  alcohol  to  each  volume  of  brain.    The  latter  method. 


THE  MASTETt   TtSSllE   OF   TEE   BODY 


r.a7 


U  th«  OJXQ  described  bcrc  as  it  is,  on  th«  whole,  ih«  better.  The  cold 
alcobolic  extraction  should  be  once  repeated.  This  treatment  coagulates 
ail  tlie  proteius  and  taltes  iu  the  alcohol  most  salts  and  so-called  ex- 
tractives. The  hardened  brain  substance  is  then  ground  still  finer  and 
suspended  in  a  small  amount  oE  fresh  olcoliol  and  put  tbroagh  a  wire 
sieve  of  I'M  meshes  to  tlie  inch,  by  means  of  u  KtilT  brush.  This  reduces 
the  material  to  a  line  puree,  which  can  be  thoroughly  extracted.  The 
material  is  then  heated  to  70°,  with  a  largo  amount  of  85  per  cent  alcohol, 
filtered  hot  through  a  cloth  first  and  then  a  filter  paper,  and  the  reaiduo 
reheated  with  fi-e»h  aleoliol  five  times.  To  exhaust  it  completely  it 
must  he  boiled  at  least  15  limes  more  with  85  per  cent  alcohol  or  abso- 
lute uldohol ;  evtm  then  some  ■tubstanee  slightly  solnble  in  alcohol,  prob- 
ably iLuhydridvs  of  Uio  lipimt,  remains  behind  in  the  proteins.  By  this 
repeated  boiling  with  alcohol  of  Sa  per  cent,  followed  by  absolute  al- 
cohol, practically  ull  of  tliu  brain  lipins  are  removed  and  the  proteius 
left  in  a  coagulated  form.  These  unitod,  hot  alcohol  extracts.  If  allowed 
to  stand  cool  for  12  to  24  hours,  separate  out  a  large  quantity  of  a  wltite 
precipitate,  wlitelt  appvai-s  cryijtaltiue  under  the  mieroseope,  but  is  not 
homegeneous.  This  material  may  te  called  "  white  substance."  It  is 
collected  on  a  clotli,  Uie  motlier  lienor  pressed  out  and  serves  for  further 
fractioning  into  its  constituents.  It  is  sometimes  colled  crude  prolagon. 
It  contains  nearly  all  tlie  glyeotipins  (ccrebrostdes),  cerebric  acids, 
much  cholesterol,  cephalin  (Itcphalin],  various  myelins  and,  if  the  alco- 
hol solution  was  concentrated,  some  lecithin,  amiuo-Hpotides  (amino- 
lipins)  and  small  amounts  of  otJier  substances.  If  the  alcoholic  filtrate 
from  the  white  siibstancfe  is  eouceiitrated  by  further  evaporation  until  a 
test  portion  settles  out  a  precipitate  on  cooling  and  is  tlien  allowed  to 
eool,  a  precipitate  comes  out  having,  when  pressed  in  a  cloth,  a  soft 
buttery  consistence  and  a  yellow  color.  This  precipitate,  which  may  be 
called  tiie  "  hutiery  substance,"  is  separated  by  filtration.  It  consists 
of  much  cholesterol,  most  of  the  lecithin  and  other  phospliolipios  (phos- 
phatides) ;  the  aniiuo-lipins  j  but  only  traces  of  cerebrosides  and  cerebric 
acids. 

The  aleoho!  filtrate  from  tlic  "  buttery  substance  "  is  slill  further 
evaporated  by  distillatioQ  as  long  as  alcohol,  capable  of  bunting,  comes 
over.  It  is  then  evaporated  further  on  the  water  bath  in  a  porcelain 
dish.  As  soon  as  the  last  traces  of  alcohol  are  gone,  there  form,  on 
the  surface  of  the  remaining  water,  oily  drops  uniting  to  masses,  which 
hang  to  the  sides  of  the  dish.  This  forms  the  "  oHjf  maierial  or  sub- 
stance." It  is  separated  hot,  because  if  allowed  to  cool  it  mixes  again  to 
an  emulsion  with  the  water.  The  '*  oily  sulwtanee  "  contains  some 
choleaterol,  but  consists  chiefly  of  nmino-lipins  (amino-Hpotidee) 
(brcgenin)  and  phosphatides  (kephalin). 
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The  aqneous  solution,  which  is  left,  contains  the  extractives,  nameljr, 
inosite,  lactic  acid,  salts,  succinic  acid,  hypoxauthiue,  alkaloids,  ammo- 
aciUa  and  inorganic  salts.  This  extract  may  be  united  witli  Uie  extract 
obtained  "by  evaporating  the  cold  alcohol,  which  was  used  for  dehydra- 
tion. The  latter  has  in  it,  also,  some  phoKjiholipin.  This  may  be  re- 
uovud  most  easily  hy  Uiakiiig  it  up  witli  water  to  make  an  emulsiotl, 
then  adding  some  chloroform  in  small  amount,  ttliaking  again  and  mak- 
ing it  acid  by  the  addition  of  liydrof^hloric  acid.  The  lipins  come  oat  as 
an  emulsion,  which  maj'  be  filtiired  from  the  water  which  contains  the 
extractives. 

The  partition  of  suhstauLCS  sketched  above  may  be  summarized  iu  the 
foUowing  table  (Thudichum,  liiiliim,  p.  T9) : 

1.  Fint  ealraotive  tubttanoe*  In  tli«  cold  alcoba)  tar  luinlvning  and  doliydrating. 

2,  Insotutte  jtmtein  and  (iuti«  rttuiue  coriULining  noiiroplastin,  protein,  mielein, 
pboaphoproteinfl. 

i.     if'Atl*  fiibAtuiuw  contjiiiiing: 

a.  Keplioliu  wilti  vitHictivH  &nil  compound*. 

b.  t.eciUitii  niUi  rnrictics  nnd  coinpouDila. 
c     PsTAtnyQlin  with  rnrlotin*  nnil  compound*. 

d.  Mjclin  witl)  varlcttua  and  oompoundtt. 

e.  Ami  no*  myelin  with  vnriotiM  und  compounds. 

f.  Ctioluetcrol  and  l'Lrcaoil«r«I. 
g,  Cen*rin  inixtnrv,  mixiuru  of  oerubriMiileB  (;[ly«tliiiiitN),  mpliric  acids, 

ccrG{>rO'»ulpliikUilvs  and  aminoHpotidea  with  i[>hingii>niy>ulin  and  auuria, 

4.  Buttery  subataace  coutaljilng: 

a.  Kepbaloidini  witli  ritri«tieii  and  oompoiiadR. 

b.  Lecithin. 
e.     ParaiRTt'liii. 

d.  Myelin. 

e.  Amino-myelin. 

f.  BjihingD-nijrolln,  and  oinirin  (ttnull  itiiioiint). 

g.  Choleaterol  and  Plireno^terol. 
h.  Plirtuioatn  and  other  ci>rebrosidps. 
i.  Aiuino-lipini  (Amino-lipotUkal. 

5.  Oi'Jji  satoloNce  oontniiung: 
a.  Lecitlilnj  b.    Paramyclinj  «.    Oily  liquid  material  of  ami  noli  [tut  idt^. 

0.     Ci4Ut  aqueoua   brain  attract  oonUining; 

a.    Alkaloids  (hyjwxanthin,  vte.).    b.  Aniiiio-ndd*.    c  Inoaltf.    d.  Orgattio 
acida  and  ulto.    c.  Inorganic  aoids  and  raits. 

Fraciioning  th*  tekUe  substance.  Both  the  white  and  buttery  sab- 
stances  may  bo  fi-actioned  or  separalt^il  into  tht'ir  conntitueuts  by  the 
metliodK  given  iu  Thudichum.  By  exiracling  tlu-Sf;  siilistances  with  cold 
ether  all  the  sterols  and  most  of  the  phospholipins  go  into  solution,  leav- 
ing a  white  substance  undissolved.  This  whilr  substance  consists  chiefly 
of  ccrebrin  and  eerebrosides,  cerebric  Roid  and  sulphatidcfl.  The  kephalin 
is  separated  from  the  lecithin  and  some  other  phospholipins  in  the  ether 
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extract  of  the  white  and  buttery  substances  by  the  addltiou  of  tJiree 
ToLumes  of  absolute  alcohol.  Thia  prcuipitates  aa  impure  kepbaJiu. 
It  may  be  purified  by  repeated  solutiou  and  precipitation  and  finally  by 
precipitation  with  cadmium  chloride.  Further  details  arc  given  in 
Thudiehuio.  Wo  may  now  consider  these  various  products,  or  cduets,  in 
detail. 

Lecithin.^This  ia  a  phospholipin,  or  phosphatide,  as  it  is  called  by 
Thudichuni.  The  term  phosjiliatidc  lays  chief  Ktrcss  upon  the  phosphoric 
acid  of  the  molecule;  while  phw^jiholipiu  cuiphoaizcs  its  fatty  character. 
liCcitbiD  ia  found  in  the  while  substance  in  part,  but  in  largest  amount 
in  the  buttety  eubstiinee.  It  is  separated  fi'om  the  white  or  buttery  sub- 
staaee  by  extracting  these  with  cold  ether.  The  kcphaliu  is  separated 
from  the  lecithin  by  the  addition  of  three  volumes  of  absolute  alcohol  to 
the  ether.  This  preeipitatee  nearly  all  of  the  kephalin,  but  leaves  the 
lecithin  in  solution.  The  filtrate  is  preeipttated  by  Uie  addition  of  al- 
coholic ammouiacal  lead  acetate  to  ^t  rid  of  the  rest  of  the  kepholiu, 
kephalin  beint;  precipitated  by  this  reagent,  but  le«:iUitn  not.  The  mye- 
lins, etc.,  are  also  precipitaWd  ;  the  filtrate  is  distilled  to  remove  atimionia 
and  ether  until  fairly  pure  cholesterol  begins  to  eome  out.  If  some  salve- 
like lecithin  comes  out,  this  U  rodissolvcd  in  85  per  cent,  warm  alcohol. 
To  this  worm  solution  a  warm  saturated  solution  of  CdCl,  in  85  per  cent 
alcohol  is  added,  Utile  by  little,  as  long  as  a  precipitate  forms  and  then 
about  as  much  more  CdCl^  as  hail  ali-cady  been  added  is  poured  in. 
The  lecithin  CdCl,  compound  crystallizes  out  as  a  white  precipitate. 
This  is  wosticd  by  dec^utatiun  with  &•»  per  cent,  alcohol.  This  precipitate 
is  dried  and  freed  from  cther-solublc  Bubstanccs  by  prolonged  extraction 
with  boiling  ether.  Krinosin  ia  the  main  impurity  removed.  The  pre- 
cipitate is  next  extracted  with  cold,  water-free  benzol  to  remove  traces 
of  tiie  kephalin-CdClj,  and  finally  is  extracted  with  hot  benzol,  which  dis- 
solves the  lecithin  cadmium  chloride,  but  leaves  behind  the  para-and 
amido-myf^lin  cadmium  chlorideK,  which  remain  insoluble.  The  lecithin 
cadmium  chloride  compound  is  precipitated  from  tlie  benzol  by  the 
addition  of  absolute  alcohol  and  is  rccrystallized  from  hot  alcohol. 

There  is  thus  obtained  locithln-CdCI,.  which  crystallizes  in  spheres 
and  stars  of  microscopic  crystals.  The  purest  lecithin  cadmium  ctdoridc 
compound  of  ox  brain  had  the  composition:  C4|H,4NPO,CdCli.  Lecithin 
may  be  freed  from  the  cadmium  chloride  by  suspending  it  In  85  per 
cent,  alcohol  end  passing  in  II^S.  It  is  filtered  through  a  hot  fimnel. 
On  cooling  a  felt  work  of  fine,  needle-shaped  crystals  of  lecithin 
chloride  separate  out.  These  crjstals  are  microscopic  plates,  often  hexag- 
onal and  very  thin,  so  that  they  may  be  bent  over  to  look  like  needles. 
They  dry  in  vacuo  to  a  white,  easily  powdered  mass  of  the  composition: 
C^U^,NPO,Cl|  or  C^^H^jNPO^Cl.-    flCli  K:  P;i  1:  l.OSi  1.09. 
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Pure  Uciihin.  This  is  a  wlutc  crystalline  body,  the  ct^-staJs  bcin^ 
thin  plates,  which,  when  prt^swd  toother,  have  »  \v»xy  coasistuiicc,  but 
it  is  stickier  tfaou  was.  It  is  very  soluble  in  do  per  cent,  alcohol  and 
more  soluble  still  io  absolute  alcohol.  It  is  soluble  in  ether  and  ubloro- 
forra,  but  docs  not  erystallizG  from  tlicm  on  evaporation.  It  is  not 
precipitated  from  its  alcoholic  solution  by  ummouia  ami  loaJ  acetate. 
When  put  in  concentrated  sulphuric  acid  it  dissolves  with  a  yellow  color 
and  ii  to  this  sugar  solution  is  added,  a  deep  purple  red  eolor  ticvclopa 
(Pettenkofcr's  reaction) .  This  is  due  to  the  olcyl  group  in  the  lectUiin. 
The  purple  coloring  matter  is  soluble  in  glacial  acetic  acid  and  shows 
absorption  bands  between  1)  and  E  and  in  the  blue.  If  lecithin  cadmium 
chloride  is  suspended  in  water  and  dialyzcd  the  lecithin  remains  in  the 
tube ;  the  cadmium  eMoride  is  dialyzcd  away. 

The  chief  properties  of  lecithin  arc  duo,  accoi-ding  to  Thudiehum,  to 
the  oteic-acid  group  it  contains,  but  it  is  obvious  that  oil  of  its  constita* 
cuts,  and  particularly  the  phospboriu  acid,  contribute  to  its  properties. 
The  olcic-acid  radicle  is  somewhat  wore  easily  separated  than  the  others. 
Tims  it  comes  olF  readily  nheu  the  PtClfUOl  lecithin  compound  is  made. 
By  decomposition  with  acids,  or  barium  hydrate,  lecithin  yields  ncunu« 
(choline  according  to  most  observers),  oleic  acid,  palmitic  acid  or  stearic 
and  glycoryl-pboephorie  acid.  The  formula  for  lecithin,  given  on 
piige  90,  is  that  of  Diakonow,  derived  from  the  study  of  egg  yolk  lecithin, 
but  it  i.s  uncertain  what  the  formula  really  is,  since  Diakouow  at  no  time 
probably  bad  pure  lecithin  in  bis  hands  for  analysis.  Uow  the  varioua 
radicles  are  united  to  make  lecithin  is  still  uncerlaiu  except  that  g-ly- 
cerol  is  united  with  the  phosphoric  acid  to  mako  glyceryl-phosphoric 
acid.  The  chief  lecithin  of  the  brain  is  oleylpnlmityl-glyeeryl-neuryl- 
pbosphatide.  The  other  lecithins,  containing  sicar>i  iu  place  of  palmityl, 
ore  present  only  in  small  amounts.  To  indicate  his  belief  that  phosphoric 
acid  is  at  the  basis  of  tho  molecule,  whence  the  name  phosphatide,  Thudi- 
ehum represents  tlie  molecule  as  foUowa: 

C  .H„0 
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*~  It  is  probable  that  the  formula  is  really  that  given  by  Diakonow  with 
the  fatty  acids  substitut^^d  in  the  glycerol;  and  the  choline,  if  present, 
united  through  the  hydroiyl  of  Uie  carbon,  rather  than  that  of  the 
nitrogen,  to  the  phosphoric  acid.  Thudiehum  states  that  he  has  very 
carefully  examined  the  base  of  brain  lecithin  and  that  it  is  ncurinc  and 
not  choline.  Unless  the  lecithin  is  suspended  in  water  and  shaken  with 
hydrochlonc  acid  it  ia  impossible,  he  says,  to  free  it  from  potassium, 
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whicli  on  hydrolysia  precipitates  witli  the  platinum  cfaloride-ncuriDe  com- 
Ipoond,  so  that  most  of  tho  cholines  cxamiued  have  been  impture.  If 
neurin  pi-e-exists  in  the  moleeulo  ii  is  very  difficult  to  see  how  it  can  be 
attached,  aiuee  the  formation  of  the  chloride  of  tocitJiin  indicates,  very 
clearly,  that  the  hydroxyl  of  ilie  nitrogen  is  free.  It  seeois  to  the 
author  more  probably  tliat  the  base  in  I  be  lecithin  is  choline,  from  which 
nearine  is  formed  on  dccompoKitiou.  There  do  not  seem  to  be  detcrmlnB- 
tions  of  tbo  molecular  weight  of  lecllhin.  It  ia  certainly  colloidal  in 
aquoous  solution.  It  is  possible  that  the  formula  is  more  complex  than 
appears.  Possibly  the  phosphoric  acids  may  be  joined  much  as  they 
are  in  nucleic  acid  to  give  poly-phospliatides.  The  whole  matter  of  the 
composition  of  Uie  lecithin  molecule  is  In  need  of  investigation.  Lecithin 
is  oftai  coiLsidcred  to  be  uustable,  hut  Thudiehum  states  that  lecithin,  in 
a  dry  state,  or  as  the  CdCI,  compound,  in  so  stable  that  it  may  be  kept 
for  years  without  change;  and  even  as  the  hydrate  when  suspended  in 
water  it  does  not  easily  change.  It  is  wet  by  water,  does  not  tloat  like 
fats,  but  ^oks  to  the  bottom,  and  swells  to  form  an  emulsion  If  it  is 
present  in  less  than,  1  part  to  lt>0  of  water.  It  does  cot  dialyze.  A  Tery 
interesting  fact  is  that,  as  ordinarily  prepared,  it  contains  some  potea- 
sium.  It  probably  exists  in  the  cells  in  part  as  a  potassium  salt.  It  hoa 
the  property  of  making  myelin  forma  which  are  liquid  er>'stalB. 

fepA-oZiiL.  Another  mono-ami  no-mono- phosphatide  is  kephalLn  (Or. 
kephalos,  brain),  or  cephalio  if  the  Latin  spelling  is  u»ed.  This  differs 
from  lecithin,  according  to  Thudiehum.  in  that  it  contains  another  acid, 
kephalinic  acid,  which  is  an  unsaturated  acid  of  the  linoHnic  acid  series, 
in  place  of  oleic  acid.  It  differs,  also,  as  we  uow  know,  in  the  character 
of  the  base  it  contains;  it  contains  no  choline,  bat  in  place  of  it  araino- 
cthyl  aleoliol,  or  oxy-ethyl  amine.  This  was  isolated  from  it  by  Thudi- 
ehum. Possibly  otlier  bases  are  also  present,  i.e.,  /!-o]cy-»-amino  bntyriu 
acid  (McArthur), 

Preparation.  It  is  isolated  from  the  ether  extract  of  the  "  white 
substance  "  or  by  extracting  the  dry  brain  with  ether.  The  extracts  are 
concentrated  and  freed  from  cholesterol  by  precipitation  with  acetone. 
The  precipitate  is  redi^solved  in  ether,  if  not  clear,  allowed  to  stand 
until  any  white  matter  has  separated  out,  and  the  decanted  clear  solu- 
tion precipitated  by  the  addition  of  absolute  alcohol  as  long  as  a  precipi- 
tate forms.  The  kephalin  is  precipitated.  After  standing  24  hours  in 
the  eold  the  liquid  is  poured  off  from  the  kephalin  precipitate.  This 
precipitate  is  redissolved  in  ether  and  reprccipitated  several  times  with 
alcohol  to  remove  cholesterol  and  lecithin.  It  is  then  emulsified  with 
100  parts  of  water,  allowed  to  stand,  separated  from  any  precipitate 
which  may  form  by  dccantation  and  precipitated  by  the  addition  of 
hydroehloric  acid  just  sufficient  to  precipitate  it.    The  precipitate  Tisca 
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to  Ihe  top  a&d  is  lifted  oEf  and  washed  with  water  until  by  llie  separa- 
tioD  of  HCl  it  begins  to  get  slimy.  Then  it  is  freed  from  water  by 
atcoliol,  dissolved  in  ether,  precipilalod  by  alcoliol,  dried  in  vacuo  and  it 
is  ready  for  analyais.  The  emulsification  aiid  precipitation  of  the 
kephalin,  by  acid,  is  necessary-  to  free  it  from  bases,  Ca,  K.  and  Na,  and 
pbosphoric  acid,  wiiicli  stick  to  it.  There  is  alwaj's  some  ammoata 
separated  in  tlie  wut^r,  and  Thiidlcbum  states  that  the  aqueous  solu- 
tion from  the  I'tnulaification  contAins  copper,  gi^nng,  on  evaporation,  a 
deep  blue  solution  with  ammonia.  This  point  should  be  reiuTestigated 
to  s««  whether  this  is  in  re&lity  a  normal  constituent  of  all  brains,  or 
present  only  in  bunuin  brains  which  happened  to  come  for  analysis.  It 
is  possible  that  the  humuii  brains  he  examined  might  have  come  from 
brass-workera  or  others  tixpased  to  copper  poisoning.  The  calcium  and 
potaiaium  are  attached,  in  part,  directly  to  the  kephalin  molecule.  These 
salts  predominate  over  the  others  in  the  kephalin  just  as  they  do  in  the 
cell.  It  is  not  impossible  that  the  greater  predominance  of  potassium 
over  sodium  in  the  cell  may  be  due  to  this  firm  union  between  kephalin 
and  these  bases.  Similar  salts  are  recovered  from  most  phosphatides, 
particularly  from  myelin.  Their  possible  role  in  the  nerve  impulse  has 
been  discussed  by  Pike. 

Fropcrlies.  The  kephalin  thus  isolated  is  quite  possibly  still  impure. 
It  is  at  first  a  light  yellow  or  white  color,  but  in  ether  solution  it  changes 
rapidly  to  a  red.  It  unites  with  water,  forming  an  emulsion,  the  soluble 
kephalin  becoming  insoluble  by  beating  the  aqueous  solution.  A  part  of 
the  kephalin,  after  precipitation  with  CdCL,  when  freed  from  CdClf 
by  dialysis  in  tbc  manner  described,  for  lecithin,  will  dillEusc  through 
the  paper.  It  makes  a  finer  emulsion  with  water  than  does  lecithin. 
It  is  soluble  in  water  saturotcd  with  ether.  100  parts  of  boiling  absolute 
alcohol  dissolve  9  parts  of  kephalin ;  2  parts  oome  out  on  cooling,  7  parts 
remain  Jn  solution.  It  is  much  \vm  soluble  in  alcohol  containing  water. 
Healed  in  water  to  90-100'  it  melts  to  a  thick,  dark  red  oil.  It  forms  s 
eliloride  with  hydrochloric  acid.  This  chloride  is  soluble  in  ether  and  is 
not  precipitated  by  alcohol.  It  is  precipitated  from  au  ether-alcohol  solu- 
tioQ  completely  as  kephalin  PtCltllCl  by  PtC^.  It  is  precipitated  also 
by  Ba  (0U)„  and  Ca  (OH),  and  ZnCl,.  The  affinity  of  CdCI,  for 
kephalin  is  less  than  that  for  lecithin.  Tlio  Pcttenkofer  reaction  is  never 
so  good  OS  that  of  lecithin.  In  kephalin  the  nitrogen  base  splits  off  first 
on  hydrolysis,  like  the  base  in  sphingomyelin.  Thudiclium  obtained  by 
hydrolysis  neorine,  a  second  base  probably  amino.ethyl  alcoliol,  which 
may  be  a  decomposition  product  of  neurinc;  a  third  base,  of  unknown 
natnrc;  kcphalinic  acid,  which  is  apparently  an  unsaturated  partially 
oxidized  palmitic  or  stearic  acid;  and  glycerol.  ITo  isolated  kephalyl- 
phosphorio  odd,  which  is  kephalio  uinus  the  ueiiriuo.    More  recent  de- 
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terminations  of  the  composition  of  kophalin  indicate  that  it  contains  no 
neurino.  Koc-U  louud  that  when  hcal«J  with  hydriodio  aoid  il  Rave  rise 
to  less  tsopropyl  or  meth^^l  iodide  tliau  did  lecithin,  so  that  tht;  bafte  la 
certainly  not  neurine  or  a  methylated  liaiie.  Mikk  Foster  haii  found  tliat 
tlie  iodide  obtained  by  Koch  was  isopropyl  iodide;  from  the  glycerol. 
No  methyl  iodide  is  formed.  It  is  probable  that  the  preparation  of 
Thudiphura  was  atill  not  pure.  There  is  no  doubt  that  Ihc  chief  base 
present  is  oxyethyl  aoiine.  DaumaQQ  obtained,  like  Thudichum,  amino- 
etbyl  alcohol  and  believes  that  this  is  the  only  base  present ;  od  the  other 
hand,  RfcArthiir  has  isolated  amino-oxybutyrie  acid,  serine,  ethoxy 
amine  and  ammonia.  How  far  these  are  decomposition  products  and  how 
far  Ihey  are  preformed  in  the  moleeule  is  uncertain.  No  reliance  can  be 
placed  on  the  results  of  the  study  of  the  decomposition  products,  unless 
the  kephalin  has  been  carefully  separated  from  lecithin,  myelLn.  and 
other  phosphatides,  and  emalsified  and  treated  with  acids  to  free  it  from 
extractives  and  salts.  Neunne  breaks  up  readily  in  alltaliiie  solution, 
BO  hydrolysis  in  an  alkaline  solution  yields  results  which  are  at  tlie  best 
difficult  to  interpret,  but  it  is  stable  in  acid.  Either  there  arc  a  mimbcr 
of  kephalins  with  different  nitm^n  bases  or  products  in  various  stages 
of  decomposition  have  been  analyzed.  There  is  also  unexplained  the 
number  of  oxygen  atoms  which  are  not  accounted  for  by  the  decomposi- 
tion products  isolated. 

The  composition  of  kephalinic  acid  is  still  uncertain,  but  it  appears  to 
be  either  C,,H,oO,  or  C,iHa,Oi,.  It  is  probably  a  mixture  of  very  nn- 
saluratcd  acids  of  the  linolcie  or  linolinie  ocid  typo  and  their  partially 
oxidized  derivatives.  The  constitution  of  kephalin  was  represented  as 
follows  by  Thudichum,  but  it  is  probable  that  the  neiiryl  radiele  should 
be  replaced  by  amino-otbyl  alcohol. 
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The  maimer  in  which  these  are  united  ia  unknown,  as  is  also  the 
molecular  wdght. 

The  extraordinary  reducing  powers  of  kephalin  due  to  the  unsatu- 
rated acids  are  extremely  snggestive  and  interesting.  In  kephalin  we 
have  a  body  greatly  more  reactive  than  lecithin,  capable  of  auto- 
oxidation  and  hence  of  respiration,  and  unstable.  These  phenomena, 
88  pointed  out  on  pape  587.  are  possibly  related  to  the  phenomena  of 
respiration  and  memory  shown  by  the  nervous  system.  This  insta- 
bility is  one  of  the  difficulties  in  the  way  of  obtaining  pnre  kephalin. 
Another  possibility  exists  also;  namely,  the  molecule  may  be  formed 
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of  several  phosphoric-acid  groups  to  which  various  radicles  are  unitec 
The  furUier  iavtslig^aliou  of  kcphaliu  will  probably  yield  rcsalts  of  prcat 
value. 

Thfl  further  study  of  the  acids  present  indicates  that  they  ore  stearic, 
as  found  by  Tliudichuni,  linolii;,  linolenic  and  earnaubie  (McArtliur). 

Pammt/elin.  This  is  another  mono-amino-mono-phosphatide  which  is 
pre&ent  in  the  white  substance.  It  is  precipitated  by  CdCL,  but  is  sepa- 
rated from  kephaUn  CdClj  by  the  solubility  of  the  latier  in  cold,  water- 
free  benzol;  and  from  lecithin  Odd.  by  its  solubility  in  hot  bcni!o1.  The 
paramycliu  CdCl,  is  insoluble  io  hot  benzol.  The  CdC'I,  salt  is  finally 
dissolved  in  boiling  85  per  cent,  alcohol,  from  which  it  crystallizes  on 
standing.  The  CdCl.  eompound  dissolved  in  hot  alcohol,  decomposed 
by  H.S  and  tillered  hot,  erystnllizcs  out  in  white  erystala  as  the  chloride. 
AVhen  this  is  rcciystallized  from  alcohol  it  loses  HCl  and  crystallizes 
in  rhombic  and  hexagonal  plates  like  lecithin  containing  4.31  per  oeot. 
of  P  and  2.06  per  cent,  of  N.  The  computed  molecular  weight  was  721- 
Thc  formula:  C,.H!=NPO..CdCU.  On  decompoaiUou  with  Ba  (OH),  it 
yields  glyceryl -phosphoric  acid,  ncurinc,  an  acid  giving  Pcttcnkofcr's  re- 
action and  another  acid.  It  is  a  white,  solid,  crystalline  substance,  crys- 
tallizing from  hot  alcohol  in  plates  and  needles.  U  is  a  weaker  base 
than  lecithin  or  kephalin.  easily  losing  the  HCl.  It  is  found  both  in 
tJic  white  and  butter  subslanee.  This  substance  requires  further  exami- 
nation.   The  character  of  the  base  is  particularly  doubtful. 

ISytUn.  This  mono-amino-mono-phosphatide  is  found  in  the  brain 
only  in  small  amounts.  It  is  sharply  distinguished  from  paramyelin  by 
its  lead  compound. 

Preparation.  If  the  white  substance  is  extracted  with  cold  alcohol 
and  allowed  to  stand  in  the  cold,  myelin  separates  out  mixed  with 
sphingomyelin.  The  precipitate  redissolvcd  in  hot  alcohol  is  preeipi- 
tBted  by  alcoholic  lead  acetate;  the  lead  compounds  are  extracted  with 
boiling  alcohol  which  dissolves  the  sphingomyelin.  The  lead  compound 
is  also  insoluble  in  benzol.  If  it  is  suspended  in  hot  alcohol,  decomposed 
by  H;S.  BItered  hot,  white  myelin  crystallizes  out  on  standing.  When 
rocrystallized  from  alcohol  it  tends  to  form  insoluble  anhydrides.  It  is 
not  precipitated  in  ulcoholic  solution  either  by  CdCl.  or  by  PtCI,. 

Properties.  It  crystallizes  out  of  ether  or  aliwhol  on  cooling  the  satu- 
rated solution  pither  in  spheres  or  x^ry  smsH  microwopic  crystals.  Tn 
masses  it  is  white  like  bleached  ivory  and  when  powdered  it  Is  entirely 
white.  It  dissolves  in  concentrated  H^SO^  without  color,  but  if  sugar 
solution  is  added  it  gives  a  deep  purple  substance  soluble  in  CFlCls.  The 
myelin  lead  eompound  is  insoluble  in  ether;  that  of  kephalin  is  soluble. 
Lecithin,  paramyelin,  auiidomyclin  and  splungomyelin  ^ve  no  lead 
compound.   The  analysis  gave :  C,  63.41  per  cent. ;  H,  9.83  per  cent. ;  N, 
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1.79  per  cent. ;  P,  4.087  per  cent, ;  0,  20.874  per  cent.,  wbicli  corresponds 
to  C,qH,g!<n?0„.    The  decompoKilion  procliicta  are  unknown. 

Diaminomono-phosphatides. — There  are  alRo  phoKptiatideN  with  tlie 
nitro^-ii  and  phosphorus  in  the  proportion  of  2: 1.  These  arc  cIi>amino> 
inouu  phosphatides. 

Amid&myelin.  Thia  is  a  diamino-mono-phosphatide  of  the  formula, 
CfHuN^Ojoi  which,  is  isolated  oa  a  CdCl^  salt  from  the  buttery  sub- 
stance. It  crystallizM  as  the  salt  C„K„N,PO,o2CdCI,.  This  phos 
phatide  has  &  very  curious  property:  namely,  it  is  completely  soluble  in 
cold  water  when  freed  from  CdCI,  by  dialysis,  but  the  solution  g«Is  on 
heating.  The  gel  is  not  reversible,  it  does  not  redissolve  on  cooling.  This 
property  differentiates  it  from  the  other  phospliatidca.  The  free  amido- 
niyclin  forms  snow-while,  microscopic  needles  and  plates  mostly  arranged 
in  stars.  Over  sulphuric  acid  it  drys  to  a  perfectly  white  powder.  It 
givea  Fettenkofer's  reaction  very  quickly  and  intensoly.  Nothing  is 
known  about  its  decomposition  products. 

Sphingomyelin.  This  is  the  chief,  but  not  the  only,  phosphatide  left 
in  the  "white  substance"  when  this  is  extracted  with  ether.  The 
method  of  lis  separation  is  long  and  involved  and  will  not  be  given  here. 
It  crystallines  out  of  alcohol  in  thick  masses  of  needles,  stars  and  six- 
sided  plates.  It  is  almost  insoluble  in  ether  even  when  HCI  is  added. 
It  is  thus  separated  from  lecithin.  It  appears  to  eoinbine  with  the 
cerebrosidc,  keraaiu,  as  a  base  in  a  weak  union.  It  is  precipitated  by 
C<iCli  from  85  per  cent,  alcohol  solution.  It  swells  in  water  and  makes 
an  emulsion.  The  CdCI,  salt  loeos  its  CdCIj  on  dialysis.  The  analyses 
gave  C,  65.37  per  cent.;  II,  11.29  per  cent.;  N,  2.9C  per  cent.;  P,  3.24 
per  cent.;  O,  17.14  per  cent.,  which  corresponds  to  the  formula, 
f  s,rr,„,N,PO„njO.  Ou  hydrolysis  it  yields  no  glycerol.  After  5  hours' 
heating  with  Ba{OH),  only  neuriue  is  given  off.  The  amount  of  neurioe 
found  as  the  platinum  salt  waa  l.I  grauis,  where  1.3  grama  was  the 
theorelieal.  Tliere  remains  sphiugouiy clinic  acid,  C„lIeBNPO,,.  N:l*:; 
1:3.  This  yields  spliingol,  an  alcohol,  CoII,,0,  or  C,»H„0,.  soluble  in 
alcohol  and  ether;  sphingosin,  a  base,  CuHmNOj,  and  sphingo-stcaric 
acid,  C,,H,flO.|  probably  an  isomer  of  stearic  acid  melting  at  57°,  The 
CdClj  salts  are  beautifully  crystalline  aud  while.  Sphingoslu  is  appar- 
ently an  imsaturated,  mouo-amino-dihydroxy  alcohol.  The  structure  is 
still  unknown.  The  sulphate  nielta  at  233-234°  (uiicor.)  and  the  rotation 
ia  (<r)j;"=— 18.12  (10.00}  in  a  solutiou  of  .53(M  gr.  of  sphiiigosiu  in 
6  CO.  CHCU  and  1  c.«.  glacial  acetic  acid.  The  recent  analyses  of 
Bpliinpomyelin  by  Lereno  showed  the  compoeition,  C,  64  per  cent.;  H, 
11;  N,  3.4l>;  P,  8.60;  inorganic  bases,  3  per  eont.  N:P::2:1.  It  con- 
tains no  free  amino  nitrogen.  One  nitrogen  atom  is  in  tho  form  of 
choline;  the  nature  of  the  other  base  is  unknown;  the  acids  split  off  OO 
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hydrcJysis  are  lignoceric  acid,  C„H„Oi,  and  ccrebromc  acid,  C„Ha,0,  ^ 
(t  hydroxy  pentacosauic  acid),  uiid  sphinf^sin.     The  composition  of 
Bphingosin  is  still  unknown,  but  its  composition  lias  hecn  suggested  by 
Leveue  to  be  C„n„On^CH.CnOH.CHOH.Cn,Nn,. 

Dianuno-dipho&phatide&. — These  cont^tin  two  atoms  of  pliosphorua 
and  two  of  nitrogen  to  tbe  molecule.  They  are  present  in  small  amounts 
only. 

Assurin.  This  is  found  in  the  alcoholic  extract  of  the  cerebrosidg 
mixture  after  the  separation  of  the  myelin,  sphingomyelin  and  kerasin. 
It  is  cryslallized  as  the  PtClf  salt,  i?hicli  is  insoluble  iu  boiling  alcohol 
or  ether  and  is  either  2(C«H.4N,P,0„HCl)+PtCl. ;  or  2(C,:H,^,N, 
P,OnHCl)-fPtCI,,  There  is  apparently  united  with  this  body  an  amino 
lipoUde  phosphorus  fi-ee,  C,,H,,NO„.    It  may  be  ideutical  with  bregenin. 

The  cerebrosides  or  galactosidts. — Di  addition  to  the  pbosphoUpius, 
tbe  brain  is  remarkable  for  the  group  of  bodies  called  the  cerebrosides, 
or  glycolipins.  These  arc  not  found  in  the  embryonic  brain,  bat  develop 
as  mediillation  comes  on  and  arc  1o  be  found  L-liietly  in  the  medullary 
sheaths  in  the  white  matter  of  tlie  brain.  The  most  important  of  the 
cerebrosides  are  Pkrenosin  and  Kcrasin,  or  tlie  cercbroo  of  Thicrfelder. 
The  cerebrosides  contain  no  phosphorus,  but  tJiey  all  contain  nitrogen, 
B  sugar,  first  named  cercbrosc,  but  later  sliown  to  be  for  the  most  part 
galactose,  and  a  complex  f&tly  acid. 

Phr/nosin  and  kcrasin.  These  two  cerebrosides  make  the  greater 
part  of  the  white  substance  left  behind  ou  eslraetion  of  the  phoHphatidca 
with  ether.  They  arc  quite  insoluble  in  ether,  but  are  soluble  in  alcohol 
particularly  in  warm  alcohol.  They  crystallize  very  readily,  although 
It  is  not  so  ca.sy  to  get  tliem  quite  clean.  Phrcnosin  has  also  been  named 
ccrcbron,  by  Tliicrfeldcr.  hut  it  is  betfjcr  to  keep  the  original  nam* 
They  arc  mixed  in  the  white  substance  with  another  corebrosidc,  cere! 
acids,  from  which  they  may  be  separated  by  ppccipitflting  the  latter 
with  lead  oxide  They  arc  prepared  by  cxhansting  the  white  Bubstanec 
by  extracting  with  ether.  If  now  they  are  redissolved  and  recrystallizod 
from  hot  alcdiol,  the  phosphorus  content  fails  to  about  .8  per  cent.,  but 
it  is  hard  to  get  it  lower.  To  purify  further  tbe  mass  is  rubbed  in  a 
mortar  with  an  alcoholic  atilutioii  of  lead  acetate  containing  a  little 
ammonia,  and  then,  constantly  stirring,  it  is  poured  into  hot  85  per  cent, 
alcohol.  Wlicn  all  is  transfcrrcf)  add  an  alcoholic  solution  of  lead 
acetate  and  ammonia  as  long  ns  a  precipitate  forms;  filter  hot;  extract 
the  preeipitato  repeatedly  with  hot  85  per  cent,  alcohol  and  collect 
the  precipitates  from  all  the  hot  aleohol  cstraots  on  cooling.  Keci-yatal- 
lixe  from  absolut*  alcohol  and  filter  after  24  hours.  The  precipita 
is  a  mixture  of  phrenoain  and  keraain.  On  longer  standing  ke 
crystallizes  oat.    The  separation  of  these  two  is  made  by  dissolving 
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in  alcohol  so  that  they  are  not  too  concentrated  and  allowing  them  to 
cool.  Phrenosin  comes  out  ahove  28°.  Kerasin,  which  is  more  soluble, 
comes  out  below  28°.  The  sphingomyelin  has  to  be  separated  by  CdClg. 
Recrystallizing  from  glacial  acetic  acid  also  helps  to  eliminate  the  last 
traces  of  the  phosphatide. 

Phrenosin.  Properties.  The  name  is  from  the  Greek,  phren,  brain. 
It  is  a  white  crystalline  substance,  which  when  warmed  in  water  becomes 
neither  doughy  nor  slin^,  bat  floats  in  loose  ftocculi  tiirough  the  liquid. 
Rubbed  with  concentrated  HjSO^,  it  apparently  completely  dissolves, 
then  gradually  develops  a  purple  red  color  which  is  attached  to  particles 
in  the  acid.  These  are  soluble  in  CHCl,  or  glacial  acetic  and  show  spe- 
cific absorption  spectra.  The  color  reaction  belongs  to  the  sphingosin. 
No  sugar  need  be  added,  since  galactose  is  already  there.  Phrenosin  has 
the  composition  CiiHTgNOg.  When  boiled  with  acids  it  hydrolyzes  and 
galactose  is  set  free,  the  solution  acquiring  a  strong  reducing  power  in 
consequence.  It  yields  sphingosin,  CiTHanNOj,  already  described  as  a 
decomposition  product  of  sphingomyelin;  galactose;  and  a  new  acid, 
which  Thudichum  thought  to  be  an  isomeric  stearic  acid,  but  which  is 
now  known  to  be  CibHboO,,  phrenosinic,  or  cerebronic,  aeid.  On  decom- 
position of  phrenosin,  the  cerebronic  acid  breaks  off  first  and  there 
remains  a  compound  of  sphingosin  and  galactose  of  a  basic  nature  named 
psyckosin,  C,jH45NOi.  Out  of  hydrated  phrenosin  sulphuric  acid  splits 
off  galactose,  leaving  asthesin,  CssHjoNOgC  T),  which  is  probably  a  com- 
pound of  sphingosin  and  cerebronic  acid.  Sphing(»in  has  a  bitter  taste 
and  causes  a  burning  sensation  in  the  throat  and  a  feeling  of  illness.  Its 
pharmacology  would  perhaps  be  of  interest. 

Kerasin  resembles  phrenosin  in  most  particulars,  except  it  is  optically 
different  and  it  is  more  soluble  in  alcohol.  If  not  more  than  one  part 
is  present  in  321  parts  of  alcohol,  it  does  not  crystallize  out  above  28'. 
100  C.C.  of  acetone  dissolve  0.1576  gram  of  kerasin  at  15'.  It  does  not 
give  the  Pettenkofer  reaction  so  easily  as  phrenosin.  The  differences 
between  these  two  bodies  have  been  shown  to  be  due  to  the  presence 
in  phrenosin  of  cerebronic  acid  m.p.  84° ;  while  in  kerasin  it  is  lignocerie 
acid,  Cs^H^gOj.  The  cerebron  of  Thierfelder  appears  to  be  a  mixture 
of  both  these  bodies.  Thudichum  thought  that  the  difference  probably 
was  that  the  cerebronic  acid  of  the  kerasin  had  about  one  carbon  atom 
more  than  that  of  phrenosin.  Kerasin  is  levo-rotatory.  ["In^ — 2°  in 
pyridine. 

The  phrenosin  and  kerasin  spherocrystals  are  readily  distinguished 
by  microscopic  examination  with  polarized  light  and  a  selenite  plate 
(Rosenheim). 

It  is  an  interesting  fact  that  the  medullary  sheath  contains  so  large 
a  proportion  of  galactose.    It  is  possible  that  it  is  to  supply  this  raw 
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material  to  the  brain  at  a  time  when  medullation  is  proceeding  at  t 
rapid  pace  that  the  sugar  of  the  mammary  glands  is  lactose  and  con- 
tains, therefore,  galactose. 

Protagon.  It  was  for  a  long  time  believed  that  the  crystalline  mate- 
rial falling  out  of  the  alcoholic  extract  of  the  brain  constituted,  when 
purified,  a  single  substance  composed  of  a  compound  of  cerebrin  and 
lecithin  or  kephalin.  This  was  called  "  protagon."  Since  Tbudiehom 
succeeded  in  isolating  14  different  substances  of  a  complex  nature  from 
this  mass,  it  is  probable  that  protagon  is  a  mixture  and  not  a  chemical 
individual.  Nevertheless,  It  is  not  impossible  that  some  of  the  compounds 
isolated  may  have  been  in  weak  chemical  union.  It  is  known,  for  exam- 
ple, that  cholesterol  forms  a  molecular,  crystalline  compound  of  definite 
composition  with  digitonin ;  but  if  the  compound  is  extracted  with  ether 
it  is  decomposed,  the  cholesterol  dissolving.  The  similar  compound  of 
cholesterol  and  saponin  is  stable  in  ether,  but  breaks  up  in  hot  alcohol. 

The  sulphur  of  the  brain.  Cerebro-sulphatides.  Sulpholipins. — The 
cerebrosidcs  while  impure  always  contain  some  oxidized  sulphur  and, 
according  to  Thudlchum,  some  unoxidized  sulphur.  The  oxidized  sul- 
phur body  was  believed  by  Koch  to  be  a  union  of  sulphuric  acid,  a 
cerebroside  and  a  phosphatide  as  follows: 

0 
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Its  nature  is  still  entirely  unknown.  Taurine  is  found  in  the  brain,  but 
the  unoxidized  sulphur  fraction  of  the  lipins  noted  by  Thudichum  is 
still  uninvestigated.  It  is  probable  that  further  study  will  show  that 
sulphur  is  as  important  in  the  metabolism  of  the  brain  as  phosphorus. 
The  phospholipins  from  other  cells  not  infrequently,  also,  contain 
sniphuric  acid  not  extracted  with  water,  but  split  off  on  hydrolysis  with 
acid;  and  also  a  carbohydrate  group.  The  sulphatidc  i-wlated  by  Thu- 
dichum from  the  brain  contained  4  per  cent,  of  sulphur. 

Amido-Iipotides.  Amino-lipins. — These  are  found  chiefly  in  the  oily 
matter  separating  out  at  the  end  of  the  evaporation  of  the  alcohol.  They 
amtain  no  phosphorus,  but  an  amino  group.  Wlien  heated  they  collect 
as  a  thick  oily  mass  on  the  surface  of  tiie  water,  or  cling  to  the  sides  of 
the  beaker,  but  on  cooling  they  take  up  water  again  and  swell  to  make 
a  gelatinous  mass.  None  of  them  arc  well  characterized  and  they  are 
present  in  relatively  small  amounts.  Whether  they  are  preformed  or 
represent  partially  digested  phospholipins  cannot  be  said.  Among  these 
bodies  two  were  isolated  by  Thudichum:  Krinosin,  C.^.H^^NO,,  and 
Bregenin,  C„H„NO,.  (Prom  the  Piatt  Deutseh  word,  firpfifin, brain.)  If 
HjPOj  ia  added  to  this  formula,  we  get  the  formula  of  the  lowest  lecithin. 
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Nothing  is  known  of  the  composition  of  these  bodies.  Their  physical 
properties  are  so  interesting  that  they  should  be  carefully  studied.  It 
is  possible  that  they  might  throw  light  on  the  composition  of  the  phos- 
phatides. It  is  very  hard  to  separate  them  completely  from  cholesterol. 
Cholesterol  esters,  also,  have  the  property  of  taking  up  lai^  amounts  of 
water.    See  page  87. 

Sterols. — The  brain  contains  extraordinarily  large  amounts  of  choles- 
terol (1.6  per  cent,  of  the  wet  weight  of  the  brain),  which  appears  to  be 
for  the  greater  part  free  cholesterol.  This  sterol  is  chiefly  cholesterol 
melting  at  145° ;  but  there  is  also  present  another  sterol  melting  at  137', 
wliich  is  the  melting  point  of  iso-cholesterol.  It  was  called  by  Thudi- 
clium  phrenosterin,  or  as  we  should  call  it  now,  phrenosterol,  to  indicate 
its  origin  in  the  brain.  The  composition  and  characteristics  of  choles- 
terol have  been  discussed  on  page  82. 

AuouNT  Of  Cholestebol  iit  DiFi'ERENT  Bbaii«b  {BofleDheim) . 

Water— p«r  etat        Choliiterol— prr  Choi egterol —per 

ctitiL  wet  weight  cent,  dry  weight 

Man    78.96  l.flS  9.22 

Oliild  3  months   85.S0  0.69  4.89 

FiEtiia  36  weeka  90.29  0.39  4.07 

Child  5  daya 89.99  0.63  8.29 

Dog     76.18  2.76  11.59 

Cat    76.53  2.38  9.99 

Ox     78.83  2.39  11.28 

Sheep    79.50  2.13  10.37 

Rabbit     77.88  2.12  9.57 

Fowl   80.34  1.45  7.40 

Codflflh   94.03  1.92  12.02 

The  extractives. — When  the  lipins  have  been  removed  from  the 
evaporated  alcoholic  extracts,  cold  and  hot,  there  remain  a  group  of 
water  soluble  substances,  organic  and  inorganic,  of  which  only  a  few 
liave  been  isolated  and  identified.  These  are  called  the  brain  extractives. 
Tlie  solution  is  generally  brown  in  color,  with  the  smell  of  meat  extract 
and  a  bitter,  salty  t^te.  Some  of  the  organic  extractives  contain  nitro- 
gen and  are  precipitated  by  the  alkaloidal  precipitating  agents  like 
pliosphotungstic  acid.  They  are  alkaloidal  in  nature;  others  are  of  a 
carbohydrate  nature ;  others  are  acids.  It  is  very  difficult  to  know 
whether  these  substances  are  normal  constituents  of  the  living  brain, 
or  whether  they  are  formed  by  the  hydrolytic  decompositions  which 
begin  as  soon  as  the  circulation  of  the  brain  is  interrupted.  It  is  prob- 
able, however,  that  they  pre-exist  in  tlie  brain  and  that  their  accumula- 
tion there  after  death  is  due  to  the  persistence  of  the  vital  processes 
in  the  absenee  of  blood  supply  to  remove  the  waste  products.  This  view 
is  supported  by  the  relatively  slight  autolytie  decomposition  which  brain 
material  shows. 

Alkaloid  extractives.    Of  these  hypoxa/nthine  is  the  moat  important, 
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but  Thndichum  isolated  also  another  of  unknown  character  having  the 
formula  CijHjoNgOBHClAuClj,  and  another  having  a  strong  odor  of 
human  sperm,  Hypoxanthine  is  discussed  in  connection  with  the  occur- 
rence of  it  in  muscle.  It  is  impossible  to  say  whether  it  is  formed  from 
the  nucleic  acid  of  the  brain  by  a  partial  hydrolysis,  or  whether  it  is 
found  in  the  cell  in  a  free  state.  Its  function  is  unknown.  It  is  inter- 
esting to  recall  that  when  caffeine  is  taken  it  accumulates  in  the  brain 
tissue  to  a  far  greater  degree  than  in  any  other  tissue  of  the  body. 

Amino-acids.  Among  the  amino-acids  in  the  extractives  Thudichum 
isolated  tyrosine  and  a  new  leucine,  a  sweet  leucine  which  he  called  glyco- 
loucine,  and  correctly  inferred  it  to  be  the  normal  caproic  acid  leucine 
having  the  formula : 

H    H    NH^ 

c— c— coon 


UUi 


It  has  been  recently  isolated  also  by  Abderhalden,  who  proposes  to  call 
it  caprine.  It  is  curious  that  the  brain  proteins  should  contain  this 
normal  leucine,  whereas  most  other  proteins  have  the  iso-butyl-amino- 
acetic  leucine.  Caprine  is  less  soluble  in  cold  water  and  also  the  copper 
compound  is  less  soluble  than  the  ordinary  leucine.  Besides  leucine  and 
tyrosine,  creatine  and  taurine  have  been  found  in  tlie  extractives. 
Creatine  is  methyl  guanidine  acetic  acid,  NHj — C=NH.N(CH:,) — CH^ — 
COOH.    The  significance  of  its  occurrence  in  the  brain  is  unknown. 

Organic  acids.  The  principal  organic  acids  found  in  the  extractives 
are  lactic,  CsHgOj,  succinic,  GtH.^0,,  and  also  formic  acid,  CHOOH. 
These  same  acids  are  also  the  principal  acid  extractives  of  muscle.  The 
lactic  acid  is  the  para,  or  meat,  lactic  acid. 

Carbohydrates.  In  this  group  inosite,  CaH,,Oa,  an  optically  inactive, 
sweet-tasting  alcohol,  not  reducing  Fehling's  solution,  is  present  in  con- 
siderable quantities.  This  again  is  found  In  quantity  in  the  muscles. 
Inosite  is  believed  to  be  hexahydroxyhexamethylene.  Its  significance  is 
unknown. 

11      OH 
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in  alcohol  so  that  they  are  not  too  concentrated  and  allowing  them  to 
cool.  Plircuoain  comes  out  above  28'.  Keraain,  which  is  more  soluble, 
c<Hiics  out  below  28°.  The  sphiogomycUn  has  to  be  separated  by  CdCK. 
Bccrystallizin^  from  glacial  acetic  acid  also  helps  to  eliminate  the  last 
traces  of  the  phosphatide. 

Pkrcitosin.  Properties.  The  name  is  from  tlie  Greek,  phren,  brain. 
It  18  a  white  crygtalline  substance,  which  when  warmed  in  water  becomes 
neither  doughy  nor  slimy,  but  floats  in  loose  Jlocculi  through  the  liquid. 
Rulihcd  with  concentrated  U^SOi,  it  apparently  completely  dissolvea, 
then  gradually  develops  a  purple  red  color  which  is  attached  to  particles 
in  the  acid.  These  ore  soluble  in  CUCI,  or  glacial  acetic  and  show  spe- 
cific absorption  spectra.  Tho  color  reaction  belongs  to  the  sphingosin. 
No  sugar  need  be  added,  since  galactose  ia  already  tlicre.  Phrenosin  has 
the  coiupoailion  C^,H,nNO,.  ^\T)on  boiled  with  acids  it  hydrolyzes  and 
galactose  is  set  free,  the  solution  acquiring  a  strong  reducing  power  in 
consequence.  It  yields  sphingosin,  C,tH,jNO.,  already  described  as  a 
dccompoaition  product  o£  sphingomyelin;  galactose;  and  a  new  acid, 
which  Thudichum  thought  to  be  an  isomeric  stearic  acid,  but  which  is 
now  known  to  be  C3.,IIj..„0m  phrcnosiuic,  or  cercbronic.  acid.  On  decom- 
position of  phrenosin,  the  cercbronic  acid  breaks  off  first  and  tiierc 
remains  a  compound  of  sphingosin  and  galactose  of  a  basic  nature  named 
ptyckostH,  CjgII,^NO;.  Out  of  hydrated  phrenosin  sulphuric  acid  splila 
off  galactose,  leaving  asthcdn,  CjjTr,,KO,(  t),  which  is  probably  a  com- 
pound of  -Sphingosin  and  cercbronic  acid.  Sphingosin  has  a  bitt«r  taate 
and  cnuxcK  n  burning  sensation  in  the  throat  and  a  feeling  of  illness.  Its 
pharmacology'  would  perhaps  lie  of  tntcrcal. 

Kerasin  resembles  phrenosin  in  most  particulars,  except  it  is  optically 
different  and  it  ia  more  soluble  in  alcohol.  If  not  mere  than  one  part 
Is  present  in  321  parts  of  alcohol,  it  does  not  cryslallijte  out  above  28*. 
100  c.e.  of  acetone  dissolve  0.1576  gram  of  kerasin  at  15*.  It  docs  not 
give  the  Pettenkofer  reaction  so  easily  as  phrenosin.  The  differences 
between  these  two  bodies  have  been  shown  to  be  duo  to  the  presence 
in  phrenosin  of  cercbronic  acid  m.p.  84" ;  while  in  l\rra.>)in  it  is  lignoceric 
acid,  C|„H,fcOj.  The  ccrebron  of  Thicrfclder  appears  to  be  a  niixtura 
of  both  these  bodies.  Thudichum  thouglit  that  the  difference  probably 
was  that  the  cercbronic  acid  of  the  kerasin  had  about  one  carbon  atom 
more  than  tliat  of  phrenosin.  Kerasin  is  levo-rotatory.  ['cli,^ — 2'  in 
pyridine. 

Tlie  phrenosin  and  kerasin  spherocrystals  are  readily  distinguished 
by  microscopic  cxaminalion  with  polarized  light  and  a  selenite  plate 
(Sosenhcim). 

It  is  na  interesting  fact  that  the  medullary  sheatli  contains  so  large 
a  proportion  of  galactose.    It  ia  possible  that  it  is  to  supply  this  raw 
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myelinB,  etc.,  are  there  also.  On  the  other  hand,  the  proportion  of  these 
substances  is  very  high  even  in  the  gray  matter,  the  proteins  makmg 
only  about  50  per  cent,  of  the  total  solids,  the  other  50  per  cent,  being 
extractives  and  ether-soloble  material. 

COMPOSITIOK   OF  THE   SOLIUS  OF  THE   IIUUAN    BBAIN. 

Figures  are  per  cent,  of  dry  matter.* 

Whole  l>rai II  Wliole  bruin  „ ,, 

(Child)  (B.1,.H,  ^"'P"'  c«llo«nm 

Protein 40.6  37.1  27.1 

Extractives 12.0  6.7  3^ 

Aah    8-3  4.2  2.4 

PhoBphatide 24.2  27.3  31.0 

Cerebroaides 6.9  13.6  18.0 

Lipoid  Buiphur   O.l  0.3  O.C 

Cholesterol  1.8  10.9  17.1 

*Eoch:  Die  Bedcutung  der  Phosphatide  (T^citlianc)  ffir  die  Ichunde  Zellc.  IL 
Mittheilung.    Zeitaohrifl  f.  physiol.  Chcmte,  03,  p.  432,  1D09. 

Of  the  extractives,  inosite  forming  0.193  per  cent,  of  the  gray  mat- 
ter and  0.2171  per  cent,  of  the  white  appears  to  be  present  in  larger 
amounts  in  the  latter.  Lactic  acid,  on  the  other  hand,  is  more  abundant 
in  the  gray  matter. 

The  specific  gravity  of  the  gray  matter,  1.041,  is  somewhat  lower  than 
that  of  the  white,  1.032;  the  specific  gravity  of  the  whole  human  brain 
is  about  1.037,  but  there  is  some  uncertainty  about  these  figures.  Com- 
puting from  the  specific  gravity  of  the  wliole  l)rain  and  I  he  specific 
gravities  of  white  and  gray  matter,  the  relative  amounts  of  these  two 
kinds  of  tissues  were  estimated  as  about  55  per  cent,  of  wliite  and  45  per 
cent,  of  gray  matter.  Tables  giving  a  summary  of  ilic  composition  of 
the  human  brain  have  been  published  by  Thudiehum.  Slore  accurate 
analyses  have  been  made  by  Koch.  The  adult  human  brain  weighs 
about  1,200-2,000  grams;  it  contains  approximately  7S.!)  per  cent,  of 
water  and  100-120  grams  of  dry  protein  matter  after  all  ctiier-soluble 
and  alcohol-soluble  matters  have  been  extracted. 

Proteins  of  the  brain  and  nerve  tissues. — There  is  nofliing  particu- 
larly striking  or  novel  about  the  proteins  of  the  brain  whii-h  has  been 
discovered  so  far,  except  the  presence  in  the  brain  prolt-'ins,  or  some 
of  them,  of  the  normal  amino-eaproic  acid.  This  is  a  mntter  probably 
of  not  very  great  significance  and  it  is  unlikely  that  this  ai'iil  is  only 
found  in  these  proteins.  The  nervous  tissues  of  frogs  contain  a  ^Hobulin 
which  coagulates  at  a  very  low  temperature,  ^^t".  and  in  llic  hniiiis  of 
mammals  a  globulin  is  present,  Halliburton  says,  which  is  coiir^iilalcd  at 
about  42°.  It  is  possible  that  the  coagulation  of  this  protein  may  be  of 
importance  in  the  pathology  of  heat  stroke.  A  similar  protein  is  found 
in  the  muscles  of  frogs,  according  to  von  Fiirth. 
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Nttdeic  acid.  The  brain  cont&ms  relatively  little  nucleic  acid.  This 
acid,  isolated  by  Lcvcnc,  bad  the  usual  structure  of  a  typical  nnimal 
nucleic  atid.  It  yielded  phosphoric  acid,  adenine,  guanine  or  the  oxi- 
dation products  of  these  hoses,  hypoxanthinc  and  xanthine.  It  yielded, 
also,  levulioie  acid  and  hence  contained  a  hexose  in  the  molecule  like 
the  thymus  nucleic  acid.  Nothiug  is  kuovrn  of  the  character  of  the 
protein  in  the  nuclei  of  the  brain  cells.  The  Nissl  substance  ia  sup- 
posed by  Koiue  to  be  a  nuclcoprotcin  or  a  nudvoalLumin,  but,  since 
there  is  no  certain  way  oE  distint^uittliing  thvsc  bodies  tuicrochcuiieally,  it 
is  impossible  to  be  certain  that  the  Missl  substance  really  contains  phos- 
phoric acid.  The  amount  oC  purines  isolated  from  the  brain  by  Burian 
and  Sehur  was  small  in  amount,  as  was  to  be  expected  from  the  rela- 
tively small  amount  of  nuclear  matter. 

Pb>Fsical  consistence  of  the  protoplasm  of  the  nerve  cell. — tt  ia 
very  important  <o  determine  iJie  physicid  consistence  nf  the  protoplasm 
of  the  {ganglion  cells.  The  uxpcrlmciita  of  Iturrisoa,  who  cnltivated 
embryonic  ncnoiis  tissue  under  tin:  microKcopc,  showed  that  the  fine 
ends  of  the  Rowing  axis  cylinders  were  capable  of  spontaneous  move- 
ment. This  observation  would  indicate  that  the  conlenis  of  the  tips  of 
tixe  axis  cylinder,  at  any  rate,  wore  liquid  in  nature  and  not  jelly-like. 
It  was  found,  also,  by  Heger  and  others  in  his  Institute  that  tlie  fine 
temiiuation!)  of  the  dendrites  in  the  bruin  were  movable  and  cjipable 
of  retraction.  It  was  suggested  as  the  ri;snlt  of  this  obw.n-ation  that 
the  making  and  breaking  of  the  connections  by  means  of  Uicsc  proccfsea 
accounted  for  the  co-ordination  in  the  brain  and  the  psychical  disor- 
ganization which  Bomctimcs  occurs.  On  the  other  hand,  Mott  soys  that 
the  substance  of  most  ganglion  cells  is  of  a  jelly-like  consistence  and 
that  in  tlie  living  ecU  there  is  no  trace  of  the  Nissl  substaneo  to  bo  aeon. 
It  is  possible  that  the  cell  bodies  are  jelly-like  and  the  tips  liquid.  The 
observations  of  Kite  certainly  show  that  most  tissue  cells  of  Uie  higher 
animals  have  a  jelly  consistence.  Mitochondria,  probably  of  a  phc»p1io- 
lipin  nature,  occur  in  nerve  cells  (Cowdrey). 

Cerebro-spinal  fluid. — This  fluid  was  collected  by  Ualliburton  from 
a  young  woman  in  whom,  owing  to  some  malformation,  there  was  a  con- 
nection between  one  nostril  and  the  ventricles  of  the  brain  so  that  the 
liijuid  dropped  constantly  from  one  nostril.  The  amount  formed  was 
2.378  o.c.  in  10  minutes  when  sitting  quietly,  but  during  straining  or 
when  the  abdomen  was  compressed  it  might  rise  to  3  and  4  c.r.  per 
10  minutes.  Analysis  of  tlic  fluid  showeil  thai  it  was  alkaline  in  reoo- 
lioD  and  of  the  compoaitiou: 
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lliis  is  a  true  socrction,  as  is  shown  by  its  low  specific  gravity,  1.004- 
1.007;  it  coutuitis  only  a  trace  o£  proteid,  oC  a  globuliu  character. 
Fibrinogen  and  albumin  an^  absent ;  it  contains  a  reUudng,  non- 
fermontable  substauve  which  Hallibnrtou  tLinktt  uay  be  alliod  to  pyro- 
oatccbin.  It  is  Jiypertonic  to  lymph.  It  is  probably  forQi<;(l  by  the 
Htvrelory  cellK  covering  tb«  choroid  plexus.  lis  funutiuii  is  uiikiiowu. 
It  ta  probable  tliat  tlie  secretion  ot  the  pituitary  posses  into  Die  cerebro* 
spinal  fluid. 

Truuethyl  amine  is  normally  present  in  cerebro-spinal  fluid  (Dor^e 
and  Golla). 

Physiological  interpretation  of  the  chemical  composition. — In  the 
brain  tliree  fundamental  properties  of  living  matter  are  brought  to  their 
highest  perfection:  i.e.,  conduction,  irritability  and  memory.  One  func- 
tion, on  tbe  other  hand,  is  practienlly  in  abeyance  from  an  early  age: 
that  is,  the  function  of  growth.  The  brain  early  reaches  its  fuU  devel- 
opment and  thereafter  division  of  the  nerve  cells  does  not  occur,  althongh 
there  may  be  some  increase  in  complexity  and  growth  of  the  dendritic 
proooses.  We  liave  before  us,  tlicrefore,  in  the  brain,  in  as  pore  a  form 
as  ve  ean  find  it,  a  tissue  specially  bailt  for  th«  functions  just  mcn- 
ttonetl,  and  we  may  infer  from  a  study  of  its  compositinn  and  a  com- 
parison with  those  tissues  which  are  speeialized  for  growth,  or  movo- 
ment,  what  kind  of  protoplasm,  or  what  stibstaniit^s  in  protop1ii:im,  are 
particularly  conceraed  in  irritability. 

The  fact  which  at  once  Ktrikes  us  when  we  undertake  such  a  study 
is  that  the  nerve  flbtirs,  which  arc  pre-eminently  conducting,  arc  sur- 
rounded by  medullary  sheaths  which  consist  chiefly  of  pbospholipins, 
glycolipins  (cerebrosides)  and  snlpbatidcA.  Whilt?  it  is  undoubtedly  true 
that  conduction  takes  place  in  the  axis  eylinder,  which  is  of  the  nature 
of  gray  matter,  3'et  the  gray  matter  also  in  uiiusuatty  rich  in  Lhi'se  same 
constituents,  or  some  of  them,  such  as  the  pliosphatidea  and  cholesterol. 

The  compodtion  and  function  of  the  medullary  sfi^athx.  The  medul- 
lary slieaths  consist  for  the  most  part  of  (ilycolipin-s  (ccrcbrosiilfa),  phoa- 
pliotipins  of  various  kinds  and  cholesterol.  What  the  function  of  the 
medullary  sheath  may  be  is  still  uncertain.  It  has  been  suggested  that 
it  is  in  the  nattiru  of  an  insulating  mati>rial  which  serves  to  prevent  the 
spreading  of  the  impulse  from  one  fiber  1o  the  other;  and,  on  the  other 
hand,  a  nutritive  (unction  has  been  assigned  to  it.  It  is  probable  that 
the  latter  is  the  true  explanation  oi  its  function.  It  may  serve  as  a 
source  of  nutriment  for  the  axin  cylinder.  The  length  of  the  latter  is 
often  BO  great  that  it  would  seem  to  Ik  very  diflicult  to  control  its  nutri* 
tim  from  the  cell  body  from  which  it  is  derived.  Another  fact  which 
points  in  this  same  direction  is  that  Uic  mcdullatcd  nerve  fibers  are 
almost  indefatigable,  that  is  tbey  recuperate  at  once  from  fatigue,  and 
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the  medvl]at«d  nerves  are  less  fati^ablo  Uiou  the  non-mcdullatcd.  Th« 
nerve  fibers  have  been  shown  by  Tashiro  to  have  a  vetx  active  metaboUam, 
one  of  the  most  active  of  any  tissue  in  the  body,  aud  ih«  iaot  that  tlicy 
are  not  fatigued  would  indicate  that  they  have  a  good  sourue  of  supply 
of  raw  material.  Iq  the  medullary  xheath  there  is  a  large  anioiiiU  of 
ioosite,  galactose,  fatty  acids,  varioxis  nitrogeu  bodies,  phosphoric  acid, 
sulphuric  acid  and  ot!  potassium,  ealeium  and  sodium.  We  find  ibcse 
same  materials,  or  materials  of  a  similar  kind,  in  locations  in  which  a 
very  active  metabolism  is  about  to  lake  place.  They  seem  to  couatitute 
a  peculiarly  favorable  material  for  the  production  of  some  of  tlie  active 
bodies  of  the  cell.  Thus  they  arc  found  in  the  yolk  of  eggs,  or  iii  the 
eggs  of  lower  forms  of  life,  like  the  starflsb.  In  the  egg  after  fertilisui- 
tion  there  is  a  sudden  outburst  of  metabolism  at  tlie  expense  of  its  stored 
matenaU.  The  composition,  then,  of  the  medullary  sheath  would  lend 
some  support  to  tiic  view  that  the  function  of  tlic  sheath  was  nutritive. 
This  vievr  of  its  function  has  been  greatly  strcugthcued  by  To&hiro's 
recent  discovery  of  the  active  metabolism  of  the  nerve  fiber,  particularly 
of  the  Don-mcdullated  fiber.  The  axis  cylinder  appears  1o  have  a 
metabolism  bat  little,  if  at  all,  less  intense  than  that  of  the  cell  body 
from  which  it  is  derived.  There  arc  facts  which  he  has  found  which, 
indicate,  also,  that  this  keenness  of  metabolism  is  correlated  with  the 
rapidity  of  transmission  of  the  impulse,  being  more  intense  in  the  fibers 
which  transmit  tJie  impulse  most  rapidly,  as  in  mammalian  nerve.  It  is 
obvious  that  the  power  of  immediate  recover^'  from  a  stimulus,  tlie 
short  latent  period  and  rapid  transmission  are  very  important  in  the 
functioning  of  the  nervous  system.  If  rapid  transmission  implies,  as 
seems  probable,  a  rapid  metabolism  also,  a  resen'e  supply  of  food  readily 
assimilable  by  the  fiber  to  replace  at  once  that  used  ap  in  the  transmis- 
sion of  the  impulse  would  seem  to  be  necessary.  Some  mechanism  simU 
tar  to  that  of  the  medullary  sheath  would  seem  the  most  simple  and 
direct  way  of  solving  the  problem.  The  medullary  cells  on  this  view 
functioD  as  a  kind  of  nurse  cells,  similar  to  the  nurse  cells  of  the  egga 
of  many  invertebrates.  The  laying  down  of  this  reserve  substanee  within 
the  living  matter  of  the  axis  cylinder  would  obviously  have  many  disad- 
vantages and  would  probably  reduce  the  rate  of  its  metabolism  and  the 
rate  of  conduction,  since  that  appears  to  be  the  result  generally  of  an 
acoumulation  of  foreign  or  lifeless  matter  in  the  living  protoplast.  Tlie 
device  adopted  by  the  animal  economy  of  having  long  nerve  fibers,  very 
thin,  so  that  the  surface  is  large  in  proportion  to  the  bulk,  and  sur- 
roundcfl  by  a  large  number  of  special  nonrishing  cells,  would  appear  to 
bo  a  most  satisfactory  solotion  of  a  very  difficult  problem  which  tha 
organism  had  to  face.  If  sneh  rapid  eonduction  were  not  nended,  tha 
problem  might  bo  solved  by  introducing  relays  of  cells  so  that  the  length 
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ol  aiiy  single  nxis  cylinder  was  not  beyond  the  powers  of  nourishment 
from  the  cell  body ;  but  this  contrivance  is  not  suitable  where  very  rapid 
action  is  reqnired,  as  in  the  brain  and  in  those  skeletal  muscles  by  which 
an  animal  escapes  death  or  secures  its  food  by  superior  agility;  for 
at  every  relay,  or  Ritiap^ie,  tbert-  is  an  unavoidable  delay  in  the 
rate  of  transmission  of  llie  impulse.  In  the  internal  organs  where 
speed  and  agility,  or  indefatigability,  are  not  the  prime  reiiuisites, 
Uic  nerves  are  stiU  nou-medullated  for  the  most  part  and  relays  ai-e 
used. 

A  second  very  striking  and  interesting  fact  in  the  chemistry  of  the 
brain,  and  one  which  may  perhaps  be  correlated  witli  tlie  provifiioti  of 
reserve  food  in  the  medullary  ahcatJi,  is  the  absence  of  reserve  carbo- 
hydrate food  in  the  brain,  and  the  entire  absence  of  neutral  fat.  Glyco- 
gen, whidi  is  found  in  so  many  tissues  and  which  occurs  in  tbe  young, 
undifTereJitiated  nervous  system,  is  absent  in  the  adult  brain.  When 
medullation  appears  it  disappears  and  no  other  carbohydrate  is  present 
in  the  adult  brain,  except  inosile  and  galactose.  The  function  of 
inoNte  is  unknown,  but  it  readily  combines  with  phosphoric  acid  to 
make  phytiu  and  similar  esters,  i'crhups  it  plays  tbe  rule  of  an  inter- 
mediary substance,  luosite  is  readily  desti-oyed  whcai  taken  by  the 
mouth.  The  absence  of  neutral  fat  while  the  pboepholipins  and  other 
compound  lipins  are  so  abundant  is  indeed  remarkable. 

If  the  medullary  sheath  has  titis  function  of  serving  as  a  uutritivo 
material,  the  question  at  once  arises  as  to  the  constitution  of  the  real 
living  matter,  the  matter  which  has  the  properties  of  conduction,  irri- 
tability and  memory  par  excoUeuce.  How  docs  it  differ,  for  example, 
from  Living  matter  which  is  chietty  secretory,  or  metabolic,  or  con- 
tractile f  The  only  facts  to  guide  us  in  this  dark  region  are  analyses 
of  tlie  gray  matter,  for  although  it  is  impossible  to  get  gi"oy  matter 
entirely  free  from  medullary  matter,  the  admixture  in  some  of  the 
regions  of  tho  brain  is  small.  The  main  facts  which  may  be  gathered 
are  tbeso:  The  proportion  of  protein  in  the  gray  matt«r  is  high.  The 
proteins  make  in  tbe  gray  matter  a  larger  proportion  of  total  solids 
thaii  in  the  white;  tbe  proportion  of  phospholipins  is  also  high.  Irri- 
table living  matter  has,  ihen-forc,  a  larger  proportion  of  water,  85 
per  cent..  Ilian  contractile;  it  contains  relatively  less  protein,  though  it 
is  stiil  protein  which  makc-s  the  main  part  of  its  solids;  it  contains  a 
very  Isri^e  proportion  of  phospholipins  and  cholesterol,  but  no  fat  or 
i;Brbohydrate.  The  irritable,  conducting  protoplasm  is,  therefore,  decid- 
ediy  aqueous  and  the  colloids  are  protein-phospholipin  colloids.  These 
few  facts  tell  us  very  little  about  this  irritable  matter,  but  so  far  as 
they  go  they  indicate  the  importance  in  nervous  activity  of  the  chemical 
substances  just  mentioned.    It  may  be  signiScant  tbat  lliis  substratum 
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is  of  a  kind  which  so  readily  forms  Uqaid  crysUls:  ho.,  a  kind  nvhosa 
molecules  are  readily  orieuUsd. 

A  third  fundameutat  property  of  the  human  twrebnim  is  memory. 
It  is  possible  to  make  soiuf  kind  of  an  imprcssiou  on  Uio  human  brain 
of  so  persistiuit  a  uatiirv  Unit  wlicii  made  at  from  4-6  years  of  age  it 
may  pcniat  for  from  forty  to  eighty  years.  Of  the  pliysicnl-chomical 
basis  of  mcmor>'  very  little  is  known.  When  on  impulse  strtkM  into 
tlie  brain  something  remaius  there,  some  trace,  p«rhapfl  an  enqrme. 
Something  happens  to  the  brain  with  every  impulse  fed  into  it.  We  may 
perhaps  picturo  the  procewi  as  follows  in  a  tentative  way,  although  the 
evidence  is  extremely  meager  that  this  picture  at  all  rei>reseuUs  the  real 
process.  There  is  a  growing  number  of  facts  which  indicate  tliat  when 
nerve  impulaca  impinge  on  cellu  tht-y  do  not  at  onue  aruuac  tltc  peculiar 
activity  of  that  kind  of  cell.  There  is  elwayii  a  latent  period.  It  sccma 
that  under  the  influence  of  the  ncr\'o  impulse  a  substance  is  produced 
which  in  its  turn  acts  as  the  ovcitout  of  tho  colls'  activity.  This  would 
explain  tho  latent  period  of  muscle  and  other  i-'ella.  We  may  regard 
the  gastric  hormone  or  tho  secretin  of  tho  cells  of  Iho  intestinal  mucosa 
as  such  a  substance.  Jn  muscle  possibly  lactic  acid  is  tlic  hormone.  By 
a  hormone  is  meant  a  substantMi  which  rouses  to  activity.  Now  in  tlio 
nerro  cclla  it  may  be  tliat  such  mcinoi7  hormones  are  produced  and 
accomnlQtc.  or  persist  in  the  eells.  There  arc  only  two  facts  of  tho 
chemistry  of  tlie  brain,  so  far  as  the  author  sees,  whioh  may  be  brought 
into  relation  with  this  extraordinary  power  of  memory.  One  of  these 
facts  is  the  great  reduction  of  autolytic  power  of  the  brain  tissue  as 
compared  wilh  that  of  any  other  tissue  of  the  body.  If  the  stomach, 
the  liTCr,  the  spleen,  the  muscles  are  finely  hashed  and  kept  sterile  in 
water  at  37'  C,  their  proteins  undergo  rapid  chaugea  of  autotylic  digcs* 
tion.  The  brain  under  similar  eonditious  undergoes  very  little  autolysis. 
In  fact,  the  autolysis  won  at  first  overlooked,  it  is  so  slight,  a  very  little 
alkali  apparently  che<'lis  it  completely.  What  autolysis  there  is  eeenu 
lo  occur  in  the  first  few  hours  ofter  death.  This  great  reduction  of 
the  brain's  autolytic  power  points  toward  a  stability  of  the  brain's  pro- 
teins, of  an  absence  of  wear  and  tear  in  the  brain,  which  possibly,  but 
only  possibly,  for  in  reality  the  matter  is  guesswork,  but  which  invol- 
untarily recalls  the  stability  of  impressions  and  memories  in  the  brain. 
When  autolysis  docs  occur,  or  when  nerve  cells  are  destroyed  in  injury 
or  by  toxins,  then  memories  disappc^ar  also,  showing  that  there  is  some 
substantial  basis  of  the  me-raorira.  The  stability  of  the  nerve  eells,  tho 
ahseneo  of  autolysis,  of  cell  divhsion,  all  would  appear  to  favor  tho 
stability  of  impressions  of  whatever  kind  which  are  made  on  the  brain 
by  the  events  about  us.  It  is  possible,  also,  that  this  absence  of  autoly- 
sis is  correlated  with  the  fact  that  the  brain  does  not  lose  weight 
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in  starration,  1)at  ljv«fl  or  tlioae  organs  which  autolyze  the 
readily. 

The  second  fact  of  interest,  although  it  may  be  simply  a  parallelism 
and  not  fundamentally  couucctcd  with  the  process  of  incuiory,  is  Uie 
presence  in  the  cephalin  o£  thu  braiu  of  very  unsaturated  acids  of  the 
type  of  linolinlc  acid.  It  haa  already  been  pointed  out  on  page  67  tliat 
in  the  spontaneous  oxidation  of  linolinic  acid  phenomena  clcscly  purallul- 
ing  memory  and  Icaruing  occur.  These  are  autocataljlic  processes.  In 
the  ease  of  linseed  oil  the  memory,  if  it  may  be  so  called,  consists  in 
tbe  persistence  in  the  oil  of  an  intermediary,  catalytic  oxidation  product. 
If  this  substance  could  in  any  way  bo  made  stable,  so  tbat  it  woulii  per- 
sist for  a  long  period  in  the  dark,  Unseed  oil  once  illuminated  would 
remember  that  illumhiation  forever  and  vrould  always  respond  differ- 
ently, when  exposed  with  oxygen  to  the  light,  from  linseed  oil  which 
had  not  had  the  experience  of  a  previous  illumination.  If  it  were 
possible  that  an  impulse  coming  into  certain  cells  cinised  in  tliose  cells 
the  formation  of  u  persistent  autocatslytic,  intermediary  oxidation 
product,  ft  physical  basis  of  memory  might  be  given.  Our  ignorance  ts 
80  profound,  however,  that  at  pn^sent  wo  can  do  hardly  more  tban  guess 
at  this  iutorestiug  pi-oblcm  and  we  must  be  ou  our  guard  against  assum- 
ing that  the  basts  of  memory  is  in  reality  that  sketched  above.  All 
experience  shows  how  often  we  may  be  misled  by  seductive  parallelisms 
of  this  nature  into  the  conclusion  ttiat  Nature  is  working  in  (lie  manner 
we  imagine  her  to  be.  To  quote  an  old  and  homely,  but  true,  Ktying: 
*•  Nature  knows  more  than  one  way  to  kill  a  cat." 

Uaving  now  considered  the  general  composition  of  the  dctvous  tis- 
sue and  the  connection  between  that  composition  and  function,  we  may 
pass  to  Uie  consideration  of  the  metabolism  of  the  brain.  Is  the  respira- 
tion of  the  brain  keen,  or  very  lowl  What  substajices  does  it  ose  as 
foodst    Wliat  are  its  waste  products! 

The  first  question,  that  of  tlu;  respiration  or  rate  of  metabolism  of 
the  brain,  is  very  important  for  the  light  it  will  throw  on  Uic  nature 
of  the  nervooa  mechanism.  If  those  processes  consist,  as  many  have 
believed,  in  the  simple  dislocation  of  inorganic  ions  in  the  periphery 
of  the  nerve  fiber,  a  dislocation  which  may  be  accompanied  by  a  change 
of  state  in  the  nerve  colloids, — ^if  they  are,  in  othor  words,  physical 
pi-oecsses, — one  would  e.\pevt  the  metabolism  of  the  brain  to  be  small, 
very  small,  for  no  material  would  be  used  up  iu  Ibis  process,  a  temporary 
dislocation  of  the  ions  alone  occurring.  The  only  cnorto''  needed  is  the 
jar,  or  slight  exploaion,  which  starts  it  going,  and  if  this  took  place  in 
the  sense-organs  no  energy  would  be  reqnircd  to  be  expended  in  the 
brain.  If,  on  the  other  hand,  the  norvo  impulse  is  in  the  nature  of  a 
chemical  change  taking  place  witli  great  ease  and  swiftness,  and  if  tho 
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velocity  of  conduction  Li  proportional  to  the  respiration,  then  the 
metabolism  of  tlie  brain,  as  meaintred  by  its  respiration,  ghouM  bo 
eattremely  high,  higher  than  that  of  any  other  tisaae  of  the  body.  The 
lack  of  cell  division,  the  stability  of  the  nerve  cells,  the  large  amount 
of  neuroglia,  the  absence  of  autolysis,  all  point  to  a  low  formative 
metabolism,  that  is  a  tow  protein  or  ^owth  metabolism  after  the  adult 
condition  is  reached;  but,  on  the  other  hand,  the  respiratory  metabolism 
should  be  very  high,  if  this  is  correlated  at  all  with  irritability.  What, 
then,  is  known  of  the  metabolism  of  the  brain! 

A  few  general  faets  may  at  once  be  noted.  First,  the  blood  supply 
to  the  brain  is  nnusually  large  and  every  provision  ia  made  lo  supply 
the  brain  with  a  copious  amount  of  blood.  Not  only  are  there  the  large 
direct  carotids,  external  and  internal,  but  there  are  also  the  indirect 
anastomoses  through  the  vertebrals,  which.  In  dogs  at  least,  are  able 
alone  to  maintain  the  life  of  the  brain.  This  copious  blood  supply  points 
unmistakably  to  a  very  vigorous  metabolism  of  some  kind  which  involves 
oxygen. 

A  second  well-known  fact  is  that  a  supply  of  oxygenated  blood  is 
absolutely  necessary  to  the  maintennncn  of  consciousness  in  liuman 
beings.  Conaciotisness  cannot  persist  more  than  a  few  moments  with- 
oat  it,  Even  though  the  tissues  are  saturated  to  their  full  extent  with 
oxygen  by  inhalation  of  the  latter  and  forced  respiration,  the  supply 
cannot  maintain  coniiviousnciKs  for  more  than  five  minutes  and,  if  the 
supply  of  oxygen  is  low,  loss  of  conscioiianesa  comes  on  easily.  Thus 
with  a  low  blood  pressure,  as  in  fainting  or  syncope,  the  higher  centers 
of  the  brain  appear  to  pass  out  of  action  at  once.  Similarly  swimmers 
imder  water  holding  their  breath  to  the  utmost  sometimes  become  uncoa- 
acious.  and  that  it  is  the  oxygen  of  the  blood  which  is  important  is  shown 
by  the  fact  that  if  that  oxygen  be  replaced  in  the  blood  by  carbon 
monoxide,  as  in  poisoning  by  illuminating  gaa,  consoionsness  is  lost. 
There  is  no  question  from  this  observation  that  it  is  only  the  oxygenated 
brain  tissue  which  is  irritnhle  and  conscious.  In  the  absence  of  oxygen 
the  brain  loses  its  function  more  quickly  than  any  other  tissue  of  the 
body.  These  facts  show  that  brain  tissue  cither  has  a  higher  rate  of 
consumption  of  oxygen,  so  that  it  exhausts  its  supplies  more  quickly; 
or  that  the  nervous  processes  involve  more  oxygen  than  others;  or  that 
the  brain  has  a  smaller  supply  of  stored  oxygen  than  any  other  tissue 
of  the  body.  The  great  dependence  of  the  brain  on  atmospheric  oxygon 
may  be  correlated,  also,  with  the  fant  that  there  is  no  stored  carbo- 
hydrate.  The  presence  of  stored  carbohydrate  like  glycogen  appears 
to  increase  the  powers  of  tissues  to  live  without  atmospheric  oxygen. 

A  third  general  fact  which  points  noraistakably  in  the  same  dirae- 
tion  Is  the  great  sensitiveness  of  the  brain  to  cyanides  and  other  dmga. 


590 


PHTSIOLOGIOAl,   CHEMISTRY 


Cyanides  ocrtainly  check  respiration  and  undoubtedly  combine  with 
the  cell  protopliuiiii.  The  brain  in  most  sensitive  to  cyanides,  these  drugs 
abolishing  cnnscionsnesa  very  quickly,  and  particularly  the  activity  of 
the  highest  centers.  Since  it  can  be  shown  that  many  drugs  aecuamlate 
in  tbe  nervous  system,  it  muHt  be  that  the  Inttcr  has  compounds  with 
cbemical  bonds  in  a  reactive  or  open  form  with  \Thich  they  ean  unite. 
It  has  been  showu,  too,  that  tliose  tissues  which  are  most  active  in 
respiration  or  have  the  highest  rate  of  i-espiratory  metabolism  are  the 
most  easily  iiflFcctcd  by  drags  like  the  cyanides.  Hence,  the  sensitiveness 
of  the  brain  to  drugs  also  iadicatcs  clearly  a  higher  rate  of  metabolism 
in  tlio  brain  than  in  other  tissues. 

The  persistence  of  the  weight  of  the  brain  during  starvation  means 
either  that  the  rate  of  formation  of  its  sub«tanees  must  l>e  very  liigh  or 
the  rate  of  consumption  extraonlinarily  low,  since  it  is  always  tlie 
case  that  the  more  rapidly  metabolizing  tissue  draws  for  its  raw  mate* 
rial  upon  the  tissue  having  the  less  intense  metabolism. 

The  blood  coming  from  the  brain  also  indicates  metabolic  changes 
in  that  organ,  It  is  venous  blood.  Oxygen  ia  consumed  there  and  in 
large  amount.  That  means  that  substances  in  the  brain  have  been  oxi- 
dized or  burned,  hence  Ihey  must  be  constantly  replenished  or  they 
would  be  used  up.  The  blood  coming  from  the  brain  has  les»  sugar 
in  It  than  in  tJie  arterial  blood  going  to  the  brain.  Kvidently  the  brain 
consumes  sugar.  The  blood  of  the  jugular  vein  also  contains  leas 
fibrinogen  than  tlic  arterial  blood  of  the  c-amtid  artery.  But  the  inter- 
pretation of  this  fact  is  uncertain. 

Direct  determinations  of  the  ralr  of  reapinition  of  the  ncrvo  fibers 
have  now  been  made  by  Tashiro,  who  found  indeed  that  the  amount 
of  carbon  dioxide  given  off  from  the  nerve  fiber  per  gram  of  substance 
in  10  minutes  was  very  high,  higher  than  That  of  any  other  tissue  exam- 
ined. Thus  the  resting  non-methdtated  c-law  ner^-e  of  the  spider  crab 
at  19"  gave  6.7X10-'  grams  CO,  per  eg.  per  10  minutes;  the  frog's 
sciatic  nerve,  a  mcdullated  ncr^-e,  gave  5,5X10—'  grams  CO,  per  eg. 
per  10  minntes,  and  the  rate  was  about  doubled  wh(^n  the  nen-es  were 
atinuilated  by  a  weak  electrical  current.  This  rate  of  metabolism  was 
probably  somewhat  larger  in  the  cut  than  in  the  uninjured  nerve,  owing 
to  the  effect  of  the  injury,  but  the  amount  is  very  high,  higher  than  for 
the  frog  as  a  whole  when  eqiml  weights  are  compared.  The  examina- 
tion of  the  various  partK  of  the  nerve  shows,  also,  that  there  is  a  gradient 
in  its  metabolism,  the  part  of  the  nerve  fiber  nearer  the  source  of  the 
normal  stimulus  having  a  higher  rale  of  metabolism  than  that  farther 
from  this  source.  Ganglia,  too,  seem  to  have  a  somewhat  higher  rate 
of  metabolism  than  the  nerve  fibers,  but  the  difference  is  not  very  great. 
Evidently  tbe  nucleus  of  the  cell  is  not  so  important  in  respiration  as 
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had  been  thought.  There  is  no  doubt  from  thoso  obser\'fttion9  that  norve 
celts  and  nerve  fibet*  produce  carbon  dioxidts  at  a  very  rapid  rata.  If 
equal  weights  of  nervous  and  other  tissues  are  compared,  tlie  nervous 
tissues  are  found  to  give  off  more  carbou  dioxide  per  gram  of  tissuo 
than  any  other  tissues. 

The  examinatiou  of  the  oxyi^on  consumption  of  the  brain  has  been 
made  by  the  method  of  Barcroft,  which  consists  in  estimating  the  amount 
of  oxygen  in  the  blood  goiug  to  and  coming  away  from  Uie  brain.  The 
results  of  this  study  were  as  follows  (Alexander  and  Cserna) : 

By  comparing  the  oxygen  content  in  the  arterial  blood  wilh  that  of 
the  venous  blood  of  the  sulcus  lon^tudintdis  and  mcuxuring  the  vt^locity 
of  flow,  it  was  found  that  in  the  waking  aninml  the  oouHumption  of 
oxygen  ytas  0.360  c.c.  0.  per  RTfim  per  minute  This  junount  is  enor- 
mously grcuti:r  than  Uiat  of  Rkclctel  inust:le  of  0.004  e.e.  and  of  the 
salivary  glands  of  0.028  c.c.  per  gram  per  minute.  In  narcosis  by  ether 
the  consumption  sank  iu  the  mean  77  per  cent.;  the  CO,  output  59  por 
cent.  In  morphine  narcosia  the  oxygen  cousumplion  Kank  57  per  cent.; 
the  CO,  output  61  per  cent.  Under  ether  the  O.  consrunption  could  be 
reduced  still  farther.  The  first  cfTccl  of  the  anesthetic  in,  however,  to 
increaso  the  consumption  of  oxygen.  The  initial  action  might  increase 
the  oxygen  consumption  150  per  cent. ;  the  CO,  production  3^9  per  cent. 
This  increased  consumption  of  oxygen  con-ospftnds  to  the  preliminary 
stimulation  which  is  the  first  effect  of  the  auestliotic.  Taehiro  and  Adorns 
found  in  the  case  of  the  nerve  fiber  and  other  cells  that  the  first  efifoot  of 
other  aiicstbeticK  was  to  iDcreflsc  the  CO.  protluction  eoneoinilaut  with  the 
excitatory  adian,  and  that  the  second  effect  was  to  reduce  the  CO, 
output.  By  inj*!cIion  of  CaCl..  which  aroiuicd  the  bratn  from  anesthesia 
by  MgSO,,  the  mctalioliKm  rose  again  to  normal  amounts.  It  is  clear, 
then,  that  thcrr  is  in  the  brain,  an  in  thr  nerve  fiber,  a  complelc  nr  wide- 
M-achiug  paralloUsm  between  metftbolisra  and  Uio  elate  of  irritability. 
Chfsc  results  completely  confirm  the  view  of  the  chemical  nature  of 
leslhcfiia.  They  indicate  iflearly  the  conclusion  that  conduction  and 
irritability  are  at  bottom  chemical  processes,  rather  than  physical,  as 
they  are  sometimes  pictured. 

The  rate  of  consumption  of  oxygen  by  nerve  fibers  has  not  yet  been 
made  so  accurately  and  directly  as  the  rate  of  carbon  ilioxide  produc- 
tion, M  the  mtithoila  are  badly  in  need  of  improvement.  But  there  is  no 
doubt  from  indirect  evidence  that  the  irritability  of  the  nerve  fibor  is 
dependent  upon  a  supply  of  oxygen  and  that  it  fatigues  more  rapidly 
in  the  atwence  of  oxygen  than  when  it  is  present.  Thus,  if  a  frog's 
sciatic  nerve  is  stimnlalcd  in  hydrogen  or  nitrogen,  it  becomes  non- 
irritable  more  quickly  than  in  oxygen  and  it  recovers  if  returned  to 
oxygen.    The  oxidation  appears,  however,  to  be  in  part  independent 
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o£  the  otygen  of  the  fttmosphere,  or  else  there  is  some  sort  of  stor&ge 
of  oxygen  in  the  nerre,  as  the  irritability  of  frogs'  nerves  will  persist 
for  some  hoiint,  although  diniioished  in  amount,  in  the  absence  of 
oxygen.  The  rupbon-dioxide  production  does  not  appear  to  be  due  to 
a  direct  oxidation  by  the  oxygen  of  the  air.  It  may  be  that  the  oxygen 
in  an  available  form  is  stored  in  some  kind  of  a  loose  compound  in  the 
medullar}'  sheath.  Whether  the  nerve  stores  oxygen  or  not  must  be  left 
for  furtlier  investigation  to  decide.  The  carbon  dioxide  might  be  foiiued 
in  various  ways,  cither  by  earboxylase  from  the  proteins  or  amino-actds. 
or  by  fermentation  from  the  carbohydrates,  or  by  indirect  oxidation  of 
the  fatty  acids,  or  by  the  decomposition  of  an  unstable  peroxide. 

The  attempt  has  also  been  made  to  get  some  direct  measure  of  the 
raelaholism  of  the  brain  in  humHii  beings  by  the  use  of  the  calorimeter. 
but  so  far  without  results.  The  brain  in  human  adults  weighs  between 
1,200  and  2,000  grams;  it  makes,  therefore,  between  2  per  cent,  and  3 
per  cent,  of  the  weight  of  the  body.  On  the  other  hand,  the  muscles 
make  42  per  cent,  of  the  body  weight.  If  the  brain  could  be  brought 
into  a  condition  of  complete  rest,  the  maximum  change  of  metaholiam 
of  the  body  produced  thereby  wonkl  be  only  this  amount.  But  it  is 
impossible  to  make  the  brain  rest.  The  centers  are  always  more  or  lens 
active  even  during  sleep,  so  that  the  difference  in  the  metabolism  to  be 
expected  would  only  be  a  per  cent,  or  so  of  the  total.  Impulses  are 
always  coming  into  the  brain  over  the  sensory  nerves  from  the  skin 
or  sense-organs  or  from  the  tendons  and  muscles.  No  difference  in  heat 
output,  or  in  respiration,  or  metaboLism  could  be  detected  by  BeoedJet 
as  a  result  of  active  inleUecluat  work.  There  is,  however,  one  clear  and 
unmistakable  evidence  that  intellectual  work  involvea  metabolism,  pre* 
sumably  respiratory  activity  of  the  brain  tisiciie:  namely,  keen  intel- 
lectual work  always  causes  a  turgidity  of  the  head  and  brtiin ;  blood 
increases  in  the  head  when  one  is  working,  as  in  evidenced  by  the  ilushed 
face,  and  if  it  does  not  increase  keen  intellectual  work  is  impossible. 
In  ita  absence  one  becomea  eleepy,  pale,  and  thoughts  are  eluggish,  rola- 
tioQs  are  not  perceived.  No  change  can  be  detected,  so  far,  in  the  com- 
position of  the  urine  aa  a  result  of  brain  work.  There  is,  in  fact,  no 
product  of  brain  metabolism,  that  iK,  no  sulwlaoce  whose  preaeuee  indi- 
cates brain  metabolism,  which  lias  been  as  yet  found  in  the  urine. 
Changes  in  the  metahof  ism  of  the  master  tissue  of  the  body  cannot,  there- 
fore, as  yet,  be  determined  by  any  examination  of  the  excretions  of  (he 
body.  It  ia,  hence,  impossible  to  say  whether  any  drug,  preservative  or 
food  substance  has  acted  harmfully  or  bcneSciaUy  on  the  brain  or  nerv- 
otis  system  by  an  examination  of  the  urine  or  ctcrciions. 

One  of  the  moat  striking  facta  ahout  the  chemistry  of  the  brain  ia 
the  very  lar^  amounts  of  phosphoric  acid  it  contains.    This  fact  was 
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discorered  very  early,  stneo  in  the  ashing  of  the  brain  substanpR  some 
of  the  acid  is  reduced  and  phasphoniK  formed.  U  has  become  so  much 
a  matter  of  common  tuiowledge  as  almost  to  lose  itJi  stgnificaiice.  This 
phosphoric  acid  is  lo  part  free,  as  the  sails  of  phosphoric  acid;  in  part 
if.  is  in  combination  in  the  nucleic  acid  and  in  the  phoephoproteins ;  and 
in  larger  part  it  is  present  in  the  pliospbolipins.  Liebrcich  crystallized 
the  impression  of  the  importance  of  phosphoms  in  the  metabolism  of 
the  brain  in  the  saying:  "  Ohne  Phosphor  keine  Godanken  "  (Without 
phosphorus  no  ttioughia).  It  seems  that  phosphoric  acid  plays  a  highly 
important,  though  still  obscure,  role  in  the  metabolism  of  all  living  mat- 
ter. Not  only  do  we  find  compounds  of  phosphorus  most  common  in 
the  protoplasm  of  the  brain,  and  its  importance  was  emphasized  by 
Thudichnm  by  the  selection  of  the  word  phosphatide  to  indicate  that 
the  other  radicles  were  grouped  around  it,  but  phosphorus  occurs  in 
lar(^}  amounts  in  the  nucleus  and  in  phytin;  it  helps  regulate  the  cell 
reaction  and,  corobinod  with  calcium  and  some  organic  radicles,  it  forms 
the  liasis  of  many  atnictnnw  like  the  bones;  it  has,  besides,  some  peculiar 
relation  to  the  alcoholic  fermentation  of  sugars  and  other  fermentations. 
Calcium  melaphosphate  may  not  be  at  the  hasLs  of  life,  but  the  impor- 
tance of  phosphoric  acid  is  not  to  be  denied. 

Summary. — We  may  summarize  the  contents  of  this  chapter  very 
briefiy,  as  follows: 

In  its  chemical  composition  the  human  adult  brain  is  characterized 
by  the  very  large  amount  of  alcohol -ether  soluble  material  in  its  solids; 
by  its  vigorous  respiration;  by  il-i  low  rate  of  autolysis;  by  its  lack  of 
formative  or  growth  metabolism.  Of  the  solids  the  alc^hol-ether-solnble 
material  consists  of  a  variety  of  phosphatides,  or  phospholipins,  such  as 
lecithin,  kephalin.  myelin,  sphingomyelin,  amino-myelin,  paramyelin;  of 
glycoliptns  or  cerebrosides,  such  as  phrenosin,  kcrasin,  cerebron,  homo- 
cerebrin,  cerebric  acids;  of  sulphatides ;  of  cholesterol  and  pbrenoaterol, 
and  of  nitrogenous  fats  or  aminolipins  famino-lipotides).  The  brain 
contains  no  neutral  fat.  These  Biibstances  are  found  chiefly,  but  not 
exclusively,  in  the  medullary  sheaths  of  the  nerve  fibers.  Their  propor- 
tion in  the  gray  matter  is  also  high.  The  protein  material,  or  neuro- 
plastin,  contains  only  a  small  proportion  of  nucleic  acid,  but  dilTcrs  from 
other  proteins  in  that  it  contains  a  normal  amino-caproie  acid  or  glyco- 
Icucine.  The  proteins  of  the  brsin  have  not  in  other  respects  been 
Khoun  to  he  different  from  those  of  other  tissuea,  although  they  arc  no 
doubt  specific  to  the  tissue.  It  has  not  yet  been  possible  to  examine  tfao 
neurokeratin  separately  from  the  other  proteins  of  the  brain.  There  are 
also  present  extractives,  among  them  inosite,  lactic,  suerinic  and  formic 
acids,  creatine,  tyrosine,  glyco-Ieucine,  hypoxanthine  and  other  ni- 
trogenous bases  of  an  unknown  nature.    On  the  whole,  the  brain  ex- 
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tractives  are  veiy  similar  to  those  of  muscle.    OF  the  functions  of  tbeao 
bodies  nothing  is  knowu.    Inorganic  sails  are  ahto  present. 

Tliu  funiftioQ  of  the  nit-duU&ry  ahvath  is  iirobubiy  nutritive  The 
really  active  protoptusui  of  the  nur\'C  cell  and  body  is  vbaractorizcd  by 
it6  largo  content  of  water,  at  least  83  per  cent,  and  probably  more,  by 
the  absence  of  stored  glycogen  and  neutral  fat,  and  by  the  presence  of 
large  amounts  of  phospliolipius  and  cholesterol.  While  the  growth  or 
fonuattvu  uielaholism  of  the  braiu  is  low,  it  has  a  very  keen  respiration 
and  oxidativQ  mt'Eaboliiuii,  tlie  keenest  of  all  lisauea  of  the  body,  and 
the  mctiiboliHiu  of  the  nerve  fiber  dotis  not  differ  very  miii^h  from  lliat 
of  tbu  norrti  ganglia  in  its  intensity.  The  activity  of  Miu  braiu  aud 
nerrc  tissues  in  gcnoral  is  very  dopcndi;nt  upon  oxygon  and  they  pro- 
duce targe  amoimts  of  carbon  dioxide,  the  amount  of  wliic^  runs  in 
general  parallel  to  the  state  of  activity  of  tlio  tissue.  It  is  probably  its 
rapid  and  keen  metabolism,  wliieh  means  that  it  has  many  reactive  bonds 
in  it,  which  makes  the  nen'otts  tissue  so  very  sensitive  to  drugs  of  all 
kinds. 

We  may  infer  tentstively  from  these  fads  that  tiic  lipLua  probably 
play  a  very  importiint  part  in  cell  irritability  without  at  this  time  ven- 
turing to  define  more  in  particular  just  the  role  tiicy  are  placing.  The 
phenomena  of  conduction  appear  to  be  cloaely  correlated  with  the 
respiration  of  the  tissue  and  arc,  hence,  probably  chemical  in  nature. 
More  work  along  tJiese  lines  1%  however,  necessary  before  any  definite 
conelusion  as  to  the  nature  of  the  nerve  impulse  esji  be  drawn.  At  the 
present  time  it  appears  possible  that  it  may  be  in  the  nature  of  an 
explosive  decomposition  of  an  organic  oxide  or  peroxide  which  is  propa- 
gated along  the  fiber.  There  are  difflcultics  in  the  way  of  this  view, 
one  of  tliem  being  the  fact  that  the  nerve  seems  to  liberate  no  heat 
at  the  time  it  conducts.  The  chemical  composition  has  so  far  thrown 
very  little  light  on  ttie  chemical  basis  of  memory,  but  it  ia  suggested 
that  possibly  tlii;  prectence  in  the  brain  of  highly  unsaturated  acids  of 
the  linoiinic-ficid  type  may  poRsibly  he  in  some  relation  to  this  pht*- 
nomeDon,  since  in  its  oxidation  this  acid  shows  some  of  the  phenomena 
wo  are  accustomed  to  call  memory,  teaching  and  forgetting  when  they 
occur  in  living  things. 

We  may  close  this  chapter  in  no  better  way  than  in  opening  the 
question  of  the  origin  of  the  psychic  qualities  which  are  so  related  t^ 
tlic  ncr^'ous  system.  Do  these  qualities  arise  de  novo  in  the  nervoaa 
system  T  Are  they  not  found  in  their  faintest  form  way  down  the  slope 
of  animal  lifeT  Do  we  not  indeed  sec  the  beginninga  of  psychic  life 
among  the  plants?  And  is  it  possible  to  start  with  the  plantsT  Do  not 
the  foods  every  minute  change  into  living  matter  in  our  bodies!  Are 
not  tlie  atoms  the  same  in  the  foods  and  living  matter,  and  is  it  pes- 
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Bible  that  they  have  different  properties  in  the  living  and  lifden  forml 
The  atoniii  we  now  know  are  composed  of  electricity  and  the  valenoBS,  or 
chemical  Iwnds,  are  probably  also  electrical  in  nature.  Are  our  thoughts 
aUo  at  tlie  bottom  electrical  f  Whenever  a  nerve  impulse  sweeps  over 
a  nerve  it  is  accompanied  by  an  eletrtrical  disturbance,  and  this  dis- 
turbance ia  the  surest  agn  ol  life.  When  the  nerve  impulses  play  back 
and  forth  over  the  conunimtires  of  the  brain  they  are  accompanied  by  this 
pale  lightning  of  the  negative  variation.  \n  tlint  pale  lightning  what  vtv 
recognize  as  consciousness  in  ourselves?  It  would  seem  that  there  must 
be  some  p^chic  element  in  every  electron  if  the  atoms  are  made  of 
electrons.  There  must  be  some  jraychic  disturbance  in  every  union  of 
hydrogen  and  oxygen  to  make  water  and  in  every  wave  of  tlie  wireless 
telegraph.  When  an  electron  moves  it  generates  a  magnetic  field;  does 
it  also  generate  a  i>sychic  field?  How  shall  we  escape  the  conclusion  that 
there  must  be  a  psychic  element  in  all  matter  both  living  and  lifeless, 
since  that  matter  is  the  same  in  the  two  forms  t  May  it  not  be  that  just 
as  inagnolism,  wliieli  is  probably  an  atlribnte  of  all  molecules,  becomes 
most  evident  under  certain  conditions  in  certain  substances,  so  the 
p«y«bic  life  common  to  all  matter  shows  its  true  character  plainly  only 
when  orgauizfd  aa  it  is  in  the  brain  dnring  its  lifeT  A  magnet  when 
hcAtcd  lo:4e$  its  magnetism  as  surely  aa  an  oi^anism  when  heated  loses 
its  vitality  and  its  psychic  life.  In  the  case  of  magnetism  all  that  has 
happened  by  the  beating  is  that  the  orientation  ol  the  molecules  has  been 
changed  so  that  the  magnet  is  no  longer  an  individual ;  in  the  case  of  the 
organism  a  similar  loss  of  individuality  results. 
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CHAPTER  XrV. 
THE  CONTRACTILE  TISSUES.    MUSCLE. 


Amount. — Muscle  forms  Uie  greater  proportion  of  the  living  tissues 
of  tlie  body.  In  an  adult  tlie  weight  of  the  nuisele  is  about  42  per  cent, 
of  the  body  weiglit.  Of  the  whole  metabolism  dorJDg  muscular  rest 
about  50  per  rent,  is  the  metabolism  of  muscle;  and  during  muscular 
activity  probably  nearly  three-fourths  of  the  chemical  changes  occur- 
ring arc  taking  place  in  the  muscle.  Theac  figures  will  make  it  clear 
that  the  muscles  dominate,  as  it  were,  the  metabolism  of  the  body  and 
their  composition  and  the  nature  of  the  chemical  changes  talcing  pla<!« 
ill  them  becomes  of  the  Snit  importance. 

By  far  the  greater  proportion  of  the  muscle  is  nudcr  the  control 
of  the  will  and  is  called  voluntary  muscle;  but  a  smaller  portion  is  not 
so  controlled  and  is  found  in  the  heart,  along  the  arteries,  in  the 
walls  of  the  alimentary  canal,  in  the  uterus,  bladder  and  other  organs. 
This  latter  is  involuntary  muscle.  These  two  kinds  of  muscle  differ 
in  their  physiological  properties.  Thus  the  voluntary  has  a  short  latent 
period,  it  contracts  and  relaxes  very  quickly,  whereas  the  involuntaiy 
muscle  contracts  mui;h  more  slowly.  They  differ  also  in  their  optical 
appearance,  in  their  structure  and  in  their  chemical  composition.  Heart 
muscle  in  all  its  properties  takes  an  intermediate  position  between  the 
other  two.  Thus  voluntary  muscle  appears  optically  to  be  composed 
of  alternate  lighter  and  darker  bands  of  matter.  It  is  said  to  be  cross- 
striated;  its  nuclear  material  is  relatively  small  iu  proportion  to  the 
whole  bulk;  it  contains  a  very  high  proportion  of  proteins  and  extract- 
ives and  relatively  little  water.  Involuntarj'  muscle  has  relatively  more 
nuclear  material  and  it  is  not  cross-striated,  so  that  it  is  called  smooth 
muscle.  It  is  very  faintly  striated  longitudinally  in  fixed  preparations. 
All  muscle  begins  development  as  smooth  muscle.  Cross-striated  muscle 
may  be  regarded  as  smooth  muscle  which  has  been  dilferentiated  into 
a  special  structure,  probably  securing  thereby  greater  speed  of  con- 
traction. Having  less  nuclear  material,  it  is  possible  tJiat  the  striated 
material  has  a  lower  rate  of  nitrogen  metabolism  than  the  unstriated. 

Structure. — A  striated  nuwcle  conBists  of  bundltis  of  muscle  fibers 
united  or  bound  together  by  connective  tissue.  The  amount  of  this 
connective  tissue  varies  in  different  muscles  and  the  more  there  is  of 
it  the  tougher  is  the  muscle.     The  connective  tissue  ofteit  containa 
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depMils  of  fat.  The  blood  vcss«U  runnui^  id  tlic  counoctlvc  tissues  can-j 
a  larg«  supply  of  blood  to  tlio  muscles,  the  capillarica  branchinB  about 
tlie  musele  fibers  in  such  a  way  tliat  tbey  are  in  intimate  contact  with 
tlicm.  This  arrangement  brings  directly  to  the  musele  fibers  a  copious 
supply  of  oxygen  and  food  and  provides  for  lUe  rapid  climiuatioii  of 
wastes.  During  a«!iivity  t!ie  arterioles  dilate,  owing  in  part  to  llie 
actiou  of  ebemical  substances  formed  by  llic  muscle,  and  a  more  tlian 
usually  copious  supply  of  blood  is  provided  thereby.  The  norvrs  of 
muscle  arc  both  motor  and  sensory.  The  sensory  are  distributed  at  tcAst 
in  part  U>  the  tendon,  but  the  motor  fibers  branch  freely  and  a  branch 
penetrates  caeL  muscle  fiber,  piercing  tlio  sareolcmma  (the  membrano 
surrounding  the  fiber)  and  ending  in  a  swelling  uonsistiug  of  uudm  atid 
granular  protoplasm  called  ibu  musele  plate  and  situated  about  the 
middle  of  the  fiber.  While  Uie  nerve  fiber  thus  enters  into  a  very  inti- 
mate couueution  with  the  muscle  substance  so  that  iktvc  impulses 
pass  freely  1u  tlic  latter  antl  profoundly  iiiflucm-u  its  metubiilism, 
the  nerve  fibers  are  none  the  less  nourished  from  tlie  cells  which 
originate  them  and  Ihey  degenerate  if  they  are  cut  off  from  these 
cells. 

The  muscle  fiber  itself  is  the  real  living,  eoutraetile  pan  of  the  musclo. 
Sucb  a  fiber  is  an  elongated,  spindlo-sliuped  cell.  The  structure  differs 
in  difl^creut  kinds  of  voluntary  musi-Ie,  appearing  to  have  reached  the 
highest  perfection  and  diiTcrcnlinlion  in  Uie  wing  inusi^U'j»  of  insects  in 
whicli  the  power  of  rapid  <:ontru<;tiou  and  rcla^tation  is  most  developed, 
the  cross-striation  and  fibrillar  arrangement  of  the  contents  being  most 
marked;  in  mammalian  musele,  also,  it  is  highly  dttfercntiated,  but  in 
tlie  amphibia,  and  in  particular  in  the  very  low  vertebrate,  Ammocctes, 
the  fiberH  are  of  a  more  primitive  strui'tiirL'  and  their  cellular  character 
is  mort>  plainly  seen,  tlie  differentiation  not  being  complete.  In  these 
latter  tlie  nuclei  are  arranged  down  the  ctuitcr  of  the  fiber,  surrounded 
by  a  larger  or  smaller  part  of  undifferentiated  protoplasm ;  but  lu  mam- 
malian and  in»oct  muscle  the  nuclei,  of  which  there  are  several,  are 
distributed  through  the  contractile  protoplasm  and  many  lie  close  under 
the  sarcolemma. 

The  exact  structure  of  the  differentiated  contraetilo  substance  is  still 
uncei-tain.  It  certainly  eonststs  of  alternate  disks  or  bands  of  different 
optical  and  staining  properties.  One  of  tliese  disks  is  doubly  refracting 
and  more  dense  than  the  other  and  it  stains  more  deeply  in  variotia  stains 
like  iron  hematoxylin.  In  many  mmtcrlca,  and  in  particular  in  the  insect 
muscle,  these  alternate  disks  appear  to  be  arranged  in  fibrils  which  arc 
called  sarcostytes.  There  seems  to  be  no  doubt  that  in  these  musolca, 
at  any  rate,  such  a  fibrillar  arrangement  really  exists.  Their  exact 
atnicttire  in  liWng  muscle  is  still  a  matter  of  controversy.    There  are. 
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besides,  in  tlie  liviog  mustslc  granulcii,  sotno  of  wliich  may  bo  glycogen. 
It  is  generally  supposed  tiiat  there  is  also  about  the  fibrils  &  more  liquid 
portion  called  the  Barcoplasni,  but  tlio  existence  of  this  is  very  uncer- 
tain. Some  ob6cr\-ers  beliovc  tliat  Uicre  are  networks  of  an  elaatie 
material  extending  in  a  regular  pallom  throiigli  llio  muacle  and  can- 
Iributing  to  its  relaxation.  Such  networks  can  be  inade  out.  in  the  fixed 
mu&cle,  but  their  existence  in  the  living  muside  bos  been  disputed.  Kite 
found  that  Uie'rcaiaLaucc  to  the  movumunt  of  a  ni^odle  in  the  miLsdc  oC 
Necturus  was  about  the  same  in  all  directions,  and  Kiibnc  and  Ebcrth 
observed  in  certain  muscle  fibers  of  frogs  a  minute  parasitic  nomatoid 
worm  which  moved  through  the  content  of  the  muaele  fiber  as  if  it  were 
fluid. 

The  physical  eonsistenee  of  tlio  contents  of  lUuBuIe  fibers  has  been 
carefully  examined  by  Kile  by  bis  very  intjenious  method  of  micro- 
Hcopical  dissection.  By  means  of  very  tUic  gla-sa  needles  carried  in  a 
mechaiiicAl  holder  be  cut  tbe  large  musi-lc  fibers  of  Neelunis  intn  pictrnR. 
Uo  found  the  inside  of  Uic  fiber,  the  protoplasm,  tbo  moot  "  viscous, 
elastic  and  cohesive  of  the  Living  gels  examined."  "  The  muscle  sub- 
stance sticks  to  a  glass  needle  and  enn  be  drawn  out  into  extraordinarily 
long  tlireads,  which  when  released  almost  regain  their  previous  shape. 
The  absorptive  powers  and  turgidity  of  this  substance  are  compara- 
tively high."  "  Wheu  the  whole  or  a  piece  of  a  muscle  cell  is  slretdicd 
the  striatious  become  i'ainl  or  disappear,  only  to  reappear  when  the  ten- 
sion is  removed."  *'  If  the  point  of  a  needle  bu  pushed  into  a  muscle 
cell,  it  l^au  be  moved  in  one  direction  about  as  easily  as  another."  Uc 
goes  on  to  say,  "  The  optical  appearance  of  a  striped  muscle  is  very 
misleading.  Uisseetion  has  shown  tJint  the  dark  bauds  seen  in  living 
muscle  arc  produced  by  eonceni  rated  areas  of  muaele  substance,  which 
absorb  enough  transmitted  light  of  low  intensity  to  appear  as  dark 
bands  in  the  optical  image.  No  fibrils  could  be  dissected  out.  The  sub- 
stance lying  between  tlie  concculrated  regions  and  appearing  as  light 
bands  is  a  highly  viscous  clnKttc  gel,  and  has  no  physical  properties  that 
serve  to  distinguish  it  from  the  surrounding  protoplasmic  gel.''  "  Hence 
absorption,  diffraction,  refraction  and  dispersion  are  involved  in  the  for- 
mation of  the  optical  image  of  striped  muscle."  The  sarcolcmma  is  ex- 
tremely elastic.  It  is  evident  from  this  description  of  Kite  that  the  muscle 
substance  consists  at  Icost  in  part  of  alternate  disks  of  more  and  less  con- 
centrated gel.  It  is,  however,  unlikely  that  this  gel  would  split  into 
the  very  regular  and  characteristic  fibrils  of  the  muaele  of  the  water 
beetle  as  descrihi^d  by  Sehacfcr  if  there  was  not  in  these  latter,  at  any 
rate,  a  well-marked  fibrillar  arrangement  into  sarcostyles.  The  muscles 
of  Necturus  are  possibly  less  differentiated  than  those  of  the  insects. 
There  is  no  doubt,  however,  that  in  all  Hieaa  cases  the  substance  is 
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hi^^hly  elastic,  and  of  a  jelly  eonsiiiicncc ;  it  is  probably  not  fluid  us  it 
was  once  supposed  lo  be. 

GeneraJ  composition. — Both  striated  and  uustriatcd,  mammal  iaa 
mtucic  contains,  in  the  adult,  from  72-7S  p«r  cent.  o£  water,  and  22-29 
par  cent,  of  solids,  la  youth  and  iu  the  ItituB  tlie  pur  ucot.  of  water  is 
liifher.  The  solids  are  very  largely  protein  iu  nature,  and  in  tJiis  re- 
spect the  muscle  shovrs  a  Htrikiug  ccuitraut  to  the  nervous  system  in 
which  the  lipius  hold  so  prominent  a  place.  Tha  total  eth«r  extract, 
lipin  of  bU  kinds,  of  tliu  dog's  heart  is  between  2.86-3.73  per  cent. 
( Lcdcrcr  and  Stotte) .  The  glycogen  of  tbc  dog's  heart  is  between  0.709 
and  0.&76  per  cent.  In  the  skeletal  muscle  it  may  be  a  good  deal  less 
than  this,  namely,  0.15  per  cent.  -0.3  per  cent;  18-20  per  cent,  by  weight 
of  the  muBCle  substance  is,  therefore,  protein.  The  compoKiUon  of  ox 
meat,  after  extraction  of  the  glycogen  aud  fat,  was  found  by  Argutiusky 
to  be  as  follows :  C,  49.6  per  cent, ;  H,  6.9  per  cent. ;  N,  15,3  per  cent. ;  Ash, 
5.2  per  cent. ;  O  and  S,  23.0  per  cent.  The  extractives  of  muscle  are  also 
important  The  proteins  may  be  first  considered.  They  are  gcueraUy 
divided  into  two  groups,  the  proteins  of  the  muscle  plasma  and  tlie  pro- 
teins of  ttie  stroma.  Part  of  the  proteins  are  soluble  in  ammonium 
chloride  solution.  I'his  protein  is  sometimes  called  myosin,  in  human 
muscle  Danilewski  found  of  21.4b  per  cent,  total  solids,  3.68  per  cent. 
extracted  as  myosiu  and  11.90  per  cent,  irmaining  itisoluble  as  protein 
of  the  stroma.  Jn  most  animals  a  somewhat  larger  [i«r  cent,  of  the 
protein  may  be  extracted  by  ammonium  chloride  than  this.  In  calveg' 
muscle  15.6  per  cent,  was  insoluble  protein,  3.6  per  cent,  soluble.  The 
composition  of  the  muscle  is  strikingly  dittercnt  from  that  of  the  elec- 
trical organ  which  is  formed  from  muscle.  In  tJie  torpedo  the  electrical 
organ  contains  only  about  8  per  cent,  of  protein  and  over  90  per  cent,  of 
water.  The  development  of  a  large  amount  of  protein  substance  Lii  mus- 
cle appears  to  be  correlated,  therefore,  with  tlie  fuuetion  of  contraction. 

Proteins  of  muscle. — The  proteins  of  muscle  are  generally  divided 
into  two  groups,  those  of  the  muscle  plasma  and  of  the  muscle  stroma. 
If  a  muscle  is  ground  or  hashed  and  then  pressed  in  a  hydraulic  press, 
with  very  high  pressures,  250  to  300  atmospheres,  there  is  squeezed  out 
a  thick  fluid,  the  plasma,  which  has  the  property  of  clotting  spontane- 
ously on  standing.  The  amount  of  the  plasma,  which  may  thus  be 
obtained  from  most  muscles  when  they  arc  liviDg  and  subjected  to  the 
liigb  pressures  just  mentioned,  is  about  60  per  cent,  of  the  weight  of  the 
rniuole.  The  plasma  has  often  a  faint  red  color.  After  it  clots  the 
clot  contracts  somewhat  just  as  does  the  blood  clot,  though  not  to  tho 
same  decree,  and  the  liquid  which  is  thus  expressed  from  the  clot  is 
called  the  serum.  Muscle  plasma  may  also  be  obtained  by  a  method 
used  first  by  the  plij-slologist  Kiihne.     The  muscle  is  frozen,  shaved 
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fine  in  a  knife  macbine  or  microtome,  rubbed  with  sand  while  still  cold 
and  then  pressed  under  high  pressure.  Ttie  part  which  rcuiaias  behind 
in  tlie  press  is  called  the  stroma.  01  coarse  the  proteins  may  be  ob- 
tained direetJy  from  the  musele  without  this  preliminary  expression  of 
Ute  muscle  juice  or  plasma,  by  the  use  of  appropriate  solvents.  Tbui 
either  5  per  cent,  sodium  chloride  or  5  per  cent,  ammonium  chloride  may 
be  applied  directly  to  the  grouud-up  fretili  muscle.  By  this  means  a 
portion  of  tte  proteins  go  into  solution  and  these  are  suppoocd  to  come 
from  the  muscle  pla&ma.  The  stroma,  or  the  insolubli:  jiurlion  of  the 
muscle,  is  insoluble  in  all  neutral  salt  solutions  and  can  only  bu  disKolvcd 
by  the  action  of  strong  acids  and  alkalies.  It  behaves  like  coai^ated 
protein. 

Proteins  of  the  muscle  plasma. — There  is  a  great  deal  of  uncer- 
tainty and  contradiction  in  the  literature  in  the  account  of  the  muscle 
proteins  and  much  confusion  in  nomenclaturo.  In  these  circumxtaueea 
we  shall  follow  ihe  most  simple  accomiL  of  vou  h'iirlh,  who  has  given  a 
gi'eat  deal  of  study  to  Uiis  subject.  It  should  be  istatO(]  at  the  oataet, 
however,  timt  the  conclusions  of  von  I'lirth  arc  not  accepted  by  all  and 
have  been  contradicted  in  many  important  points  recently.  The  diffi- 
culty arises  from  the  uncertainty  whether  the  change  of  a  soluble  to  an 
insoluble  protein  involves  a  change  in  chemical  composilion,  or  is  only 
a  change  in  the  state  of  aggn?gatiou.  According  to  vou  Fiirth  tliera 
are  three  cuagulable  proteins,  albumins  or  globulins  in  the  narrow  sense, 
in  muscle  plasma;  these  three  are  myogen,  myosin  and  soluble  myogen 
iibrin. 

Myosin.  Tliis  ia  the  musculin  of  the  older  observers,  or  para- 
myosinogen of  IlallibuTton.  It  is  a  globulin-Like  substance  coagulating 
on  quick  heatiug  between  44  and  50°,  and  it  is  characlerizcd  by  ita 
power  of  spontaneously  coagulating  on  long  standing,  when  i1  passes 
into  an  insoluhlo  protein  called  myosin  fibrin.  Myosin  is  soluble  in 
neutral  salt  wilutioiis,  is  precipitated  by  dialysis  and  by  water;  is  easily 
salted  out  of  solution  by  one-half  saturation  with  (NU4)304,  which 
i\a  its  sepanilioH  from  myoguii;  and  it  is  easily  precipitated  by 
ids.  Both  In  salt  solution  and  when  stauding  iu  water  it  boconea 
inaoluble  (myosin  fibrin).  Its  per  cent,  of  composition  is  &a  follows: 
(KUhne  and  Chittenden). 

C,  &2.701  H,  7.12}  N,  HJ»6i  S,  l.80|  O,  22.07. 

Uyogen.  This  is  another  protein  constituent  of  muscle  plasma. 
It  was  formerly  called,  by  Kiihnc,  rayosinogcn,  but  this  name  von  Piirth 
thinks  should  he  dropped,  since  it  implies  that  it  gives  rise  to  myosin 
and  this  is  incorrect.  There  ia  about  three  to  four  limes  as  much  myogen 
in  musde  plasma  as  myosin.    Unlike  myosin  it  ia  not  precipitated  by 
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diolysus  with  wutvr,  aor  by  ODU-half  Katuralioii  witli  ammonium  suipbate. 
Thus  it  bclougs  to  the  class  of  all>uimiis  rather  thau  to  th«  globulins. 
It  is  prwipitatcd  by  dilute  acids  like  a  glybuUu.  The  pt'culiar  property 
wliioh  differeutial«a  it  from  other  prutc-iiiH  exuept  myosin  is  its  power 
of  spontaueous  coagulation.  W)ieo  in  solutJoa  it  puttses  first  Into  a 
Holuhtv  uielaKtable  form  called  soIuIiIh  myogeii  fihrin,  and  tli«u  into 
inyogcn  fibrin.  iSomc  cousidur  tliix  simply  a  change  la  tlit;  state  of  ag* 
gregation  of  the  same  protein,  Uu;  protein  in  solution  passing  slowly 
into  an  aggregated  state,  Aceonling  to  von  Fiirth,  then,  the  spou- 
faucotis  coagulation  of  muscle  plasma  takes  place  according  to  tiie  fol- 
lowing scheme : 

MiimIc  pliumn 


Uju&ii] 


Myosin  flbrla 


Mjrogen 

Solubli^  injojp'ii  fibrin 


Myojffiu  fibrin. 

it  is  not  impossible  that  tills  slow  coagtiiation  is  due  to  the  gradual 
hydrolytie  decomposition  of  a  salt  of  the  protein,  forming  an  insoluble 
free  protein,  but  of  the  nature  «f  the  change  involved  nothing  is  cer- 
tainly luiown.  Halliburton  believed  that  it  was  caused  by  an  enzyme 
aualogoua  to  the  fibrin  ferment,  but  tliis  view  has  not  been  accepted  by 
%on  Fiirth.  The  myosin  fibrin  and  myogeu  fibrin  are  insoluble-proteina 
bdiuving  like  coagulated  proteins.  They  caiuiot  be  turned  back  into 
myosin  oud  myogen.    The  ebauge  is  not  reversible. 

Ifoluble  myogtH  fibrin.  This  substance  is  easily  detectable,  either 
in  solution  or  when  present  in  muscle  itself,  by  its  extremely  low  tem- 
perature of  coagulation.  It  coagulates  at  30-40°,  so  that  when  soluble 
myogeu  fibrin  is  formed  from  myogen  tliere  is  a  fall  in  llic  temperature 
of  eoagulation  of  the  solution  from  55-60"  l*  30-40°.  According  to  Bo- 
tazzi,  this  apparent  coagulation  of  the  myogen  is  due  lo  the  heating  lia«- 
tfcuitig  the  «iK)utaiieoua  change  of  myogeu  to  myogen  fibrin,  or  iu  other 
words  it  is  not  a  true  coagulation,  but  the  hastening  of  the  process  of 
aggregation  already  going  on.  The  difficulty  in  this  explanation  is  that 
it  does  not  explain  the  change  in  the  state  of  aggregation.  According  to 
von  Fiirth  soluble  myogen  fibrin  behaves  like  a  globulin.  It  is  precipitated 
by  halt  saturation  with  ammonium  sulphate  or  by  dialysis,  and  is  in- 
soluble in  water.  It  differs  from  myosin  in  its  lower  coagulation  tem- 
perature. Stewart  and  Sollman  believed  that  myosin  mid  soluble  myo- 
gen fibrin  were  identical,  but  von  Fiirth  s&y»  that  this  is  not  so,  for  it  ia 
impossible  to  clionge  o  pure  solution  of  myosin  to  soluble  myogen 
fibrin  coagulating  10'  lower.  Furthermore  in  frog's  muscle  both  soluble 
myogen  fibrin  and  myosin  eo-exist  even  in  tlie  living  state,  but  in  warm- 
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blooded  animals  no  solublii  myogen  fibrin  cxistd  iu  Uio  musdo,  Ear  did 
it  exist,  it  wouid  be  eoogulated  by  the  heat  oi  the  body.  The  case  of 
traiisformatioM  of  myogen  into  soluble  myogon  flbrin  ia  thus  described: 
"  If  one  adds  to  a  pure  fi-cshly  prepared  myogen  solution  eomo  per 
cent,  of  a  neiiti-at  salt  and  leaves  it  standing  overnight,  in  the  uioming, 
altJiougb  it  shows  no  optical  change  to  the  eye,  yet  already  a  lurge 

^  poriioa  of  the  uiyogt-u  has  beeu  changed  to  soluble  myogen  Gbrin." 

^         Myoproteid.     Tltis  is  a  uoti-eoagulablu  protein  found  iu  the  miisulo 
plasma  of  the  liiih.    It  is  not  prcseut  iu  the  uiiucle  plaauia  of  noammala, 

^  Its  nature  is  still  uudctcroiiocd,  but  it  la  not  an  albumosc. 

H  Of  these  various  proteins,  myosin  and  myogen  are  found  iu  all  ver- 
tebrate  voluntary  muscles.  Myogen  has  not  been  lound  in  invertebrato 
muscle.  Soluble  myogen  Qbriu  is  found  preformed  only  in  the  muscles 
of  ilsbes  and  amphibia;  while  iu  rL>ptilea,  birds  aud  mammals  it  occurs 
there  only  as  a  aecoudary  decompottitiou  pruduet  of  llie  myogcu.  Myo- 
proteid  is  found  only  iu  the  muscles  of  lish  in  lui-ge  utnouut,  in  the 
amphibia  it  i^  present  only  in  traces  and  iu  ruptilvs,  birds  aud  mammals 
it  is  absent.  Iu  heart  muscio  there  is  twice  ns  much  myogen  as  myosin. 
Proteins  of  the  stroma. — The  greater  pare  of  the  proteins  of  tho 
muscle  are  insoluble  iu  ammonium  chloride  solution.  These  arc  the  pro- 
teins of  the  sarcolemma  and  the  sti-oma.  It  is  staled  that  the  structure 
of  Uiti  muscle  is  not  ebauged  by  the  extraction  of  the  myosin;  the 
stroma  is  still  doubly  refracting.  Tlie  amount  of  stroma  insoluble  iu 
ammonium  chloride  is  very  hard  tu  det«raune  with  any  accuracy,  owing 
to  tho  tendency  of  the  muscle  proteins  to  become  insoluble.  From  pcr- 
foelly  fresh  living  mammalian  skeletal  rausele  it  is  said  (Snxl)  that 
84-90  per  cent,  may  bo  extracted  by  NHjCl,  if  rigor  is  prevented; 
whereas,  when  the  muscle  has  stood  far  a  short  time  only,  2-3  per  cent. 
ia  extravtable.  According  to  Salkowski,  of  the  uitrogea  of  flesh  77.4  per 
cent  was  iu  the  form  of  Insoluble  coagulable  proU^in  and  10.08  per 
I'cuL  in  the  soluble  vuagulablu  furm.  12.52  per  c«ul.  was  non-protein 
nitrogen. 

Thi:  stroma  contains  phosphorus.  It  contains  a  small  amoiut  of 
nucleoprotcin.  Two  grams  wera  obtained  from  513  grams  of  dog 
muselo  and  this  uuelcoprotciR  contained  0.7  per  cent,  of  phosphorus. 
Correspoudiug  with  this  small  amount  of  nuclcBr  matter,  it  was  found 
that  ttie  amount  of  purine  bodies  obtained  by  tlie  hydrolysis  of  muscle 
was  very  much  less  than  from  the  thymus  and  other  organs.  The  result 
clearly  indicatc:s  tbat  the  nucleus  contains  tlie  nucleoproleius  and  that 
these  arc  confined  to  the  nucleus.  It  is  possible  that  a  uuclcoprotein  con- 
taining inosinic  acid  may  be  found  in  the  cytoplasm,  but  the  source  of 
inosinic  acid  in  the  cell  is  uncertain. 

The  stroma  contains  also  phospholipins  (phosphatides)  apparently 
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in  union  with  rtie  proteins,  allhoagh  this  caniiot  bo  said  to  be  definitely 
proved.  The  pliospholipiDs,  which  arc  present,  arc  discuBsed  on 
page  611.  The  protein  matter  of  the  sti-oma  partakes  of  the  character  of 
coagulated  or  insoluble  proteii],  myosiu  flbrtu  aud  myogcu  fibrin  or 
albuminoid.  It  is  either  an  albuiiiiuoid  or  inetaproteiu.  It  is  partially 
digestible  in  pepsin  hydrochloric  acid  and,  if  so  treated  aud  the  extract 
neutralized  with  sodium  carbonate,  a  preeipilatfl  called  myostromin, 
containing  phosphorus  and  probably  a  ntreleoprotcin  or  locithoprotflin, 
waii  obtained. 

From  the  fact  that  the  stroma  ret-aina  its  optical  and  structural 
properties  after  the  extraction  of  some  of  the  myosin  Daniclewski  sup- 
posed that  the  stroma  consisted  of  a  doubly  refracting  network  or 
spongy  substauce  in  the  interstices  of  which  the  myosin  was  in  solution. 
It  seems  probable  from  the  general  phenomena  of  the  Bquceziug  out 
from  gels  on  oouiraction  of  the  latter  by  the  process  called  syneresia,  of 
a  solution  containing  the  same  matter  as  the  gel,  but  in  different  con- 
centration, that  the  plasma  may,  in  reality,  contain  the  same  proteins 
as  the  stroma,  but  in  more  dilute  form.  The  myosin  is  itself,  when  in 
strong  solution  or  partially  dried,  doubly  refracting  tike  the  stroma 
(liquid  crystals).  The  fact  of  double  refraction  would  indicate  that 
the  molecules  of  protein  in  the  muscle  are  not  arranged  haphazard,  but 
tlicy  must  he  orieuted  in  some  way  similar  to  their  orientation  in  a 
cri'sttd  whether  liquid  or  solid.  Otherwise  there  could  be  no  definite 
double  refraction.  As  a  matter  of  fact  there  is  no  double  refraction 
aq  long  as  the  myosin  is  in  solution;  in  other  words,  as  long  as  the 
molecules  ar@  so  far  apart  that  they  can  take  any  position  freely  and 
have  their  axes  directed  in  all  directions.  If  the  myosin  is  in  the  form  of 
a  gel,  tlie  gel  ax  it  exists  in  the  muscle  must  be  so  concentrated  thnt  the 
molecules  arc  oriculfd  and  have  tlieir  freedom  of  movement  somewhat 
restricted  as  they  do  tn  a  solid.  KurtJiermorc  tbc  tenacity  oE  tlie  pieces 
of  muscle  cut  out  by  Kite  and  the  remarkable  elasticity  which  the  sub- 
Btance  showed  indicate  that  the  muscle  substance  has  rather  the 
properties  of  an  elastic  solid,  hydrntcd  perhaps,  but  no  less  a  solid, 
than  the  properties  of  a  gel.  If  muscle  is  a  gel  it  is  certainly  not  a 
homogeneous  gel,  but  one  which  in  some  way  is  deAuitely  organized  so 
as  to  give  the  remarkable  structural  pictures  of  the  muscle.  It  is 
more  comparublc  to  a  liquid  crystal  than  a  gel. 

The  protein  of  the  stroma  substance  appears,  thcu,  to  be  made  of 
an  albuminous,  insoluble  material  possibly  united  with  phospholipins 
to  make  lipO'  or  lecitho-protcins.  This  union,  however,  is  not  very  firm, 
it  is  dissociable  aud  some  of  tlie  protein  remains  free.  The  molocales 
are  definitely  oriented.  It  is  also  quite  possible  that  in  the  living  muscle 
some  of  the  extractives,  such  as  creatine,  may  be  united  with  this  com- 
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pfei  and  that  carbohydrate,  cither  glycogen  or  glucose,  is  also  joined  to 

■    it  to  make  a  very  compU-x,  unstable  proteio  molec-ul*;. 
The  proteins  o(  the  different  kinds  of  rausiilea  do  not  differ  widely 
in  the  composition  of  the  amino-acids  that  they  yield  by  hydrolysis,  as 

■  may  be  seen  in  the  following  table: 
Perhaps  the  interesting  fact  here  is  the  relative  large  amount  o£ 
the  boaic  aminoacids,  since  these  occur  alao  among  the  extractives. 

IAui:fO-dca>  CoNTEMT  or  Vawocb  Mi'^rijis  (OaUoTnc  mid  HigrI). 
Plah^  Halibut     Clikkni                Oi                tUallov 
QlyetMwn 0.00               0.68              8.08               0.00 
Alftiiin«    , . . . .  t  2.28  3.72  

Valine 0.79  T  0.81 

I^ietn4 10.33  11.10  ll.M  B.78 

Proline    3.17  4.74  6.S2  Jt.28 

Phciij'I  Alanins   3.04  3.S3  S.IS  4.00 

Aspartie  aciJ 2.73  3^1  4.51  3.47 

GluUminic  add  ULIS  l€M  15-49  14.H8 

SoriM ........w.*... I  I  r  t 

T>roiiin«   , 8J9  2.10  2.20  I.Ofi 

■  Arglnlne  ...: »M  6JI0  7.47  7M 

■   Hlatidine Z.M  SAJ  2.60  8.03 

■  I^iac  7.4S  7.24  7M  5.77 

■  isna^ 1.33         1.67         i.o;         i.os 
TryptoptiAiiit Prewnt       rri>sfiit        I'rcni-nt       PrniMiit 
Proteins  of  smooth  muscle. — Smooth  muscle  of  mammals  or  birds 
extracted    with    .7    per    tent.    NaOl    also    yields    u    muscle    plasma, 
which  spoutaneoiialy  coagulates  at  room  tompcrattire.     By  dialysis  a 
globulin  separates,  which  coaKulotcs  at  TM-GO',  and  in  tlie  51trate  from 

I  the  globulin  an  albumin  was  found  which  coagulated  at  45-50°.  This 
iotter  substance  was  myosin  (t).  Swale  Vincent  and  Lewis  got  from  the 
smooth  muscle  of  the  sheep's  stomach  by  oxtractiug  with  .7  per  cent, 
NaCI  a  plasma  coagulating  at  47',  but  no  other  protein  was  present, 
K  the  extraction  was  made  with  5  per  cent.  MfSO,,  the  coagulation  tem- 
perature of  the  extract  wa.s  56'.  The  coagnlalion  tempcratupc  of  pro- 
teins varies  wiUiin  several  degrees,  depending  on  tlic  salt  eoateut,  nature 
of  the  salts,  and  reaction  of  the  solution.  56°  is  the  temperature  of 
coaeolation  of  the  fibrinogen  of  the  blood  and  also  of  similar  globulins 
foand  in  liver  and  other  organs.  Smooth  muselc  contains  a  larger 
proportion  of  nuclear  material  thau  striated  and  tho  nucleoproteid  is 
five  times  the  proportion  of  that  of  striated  muscle.  From  these  ob- 
servations it  appears  that  smooth  muscle  contains  mj'osin  and  niicleo- 
protein,  but  no  myogcn. 

The  extractives. — The  extractive  sabstances  in  muscle  are  those 
organic  substances  which  may  he  axtracted  with  boiling  water.  The 
great  interest  attaching  to  these  mbstanccs  is  due  to  tho  cireumstance 
that  tliey  represent  products  of  muscular  metabolism  and  thus  throw 
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some  light  on  the  nature  of  the  chemical  changM  going  on  in  it.  Further- 
more, since  the  muscles  form  nearly  half  the  weight  of  the  hody  these 
substances  probably  represent  the  precursors  of  some  of  the  substances 
excreted  in  the  urine.  The  total  amount  of  extractives,  including  both 
inorganic  salts  and  organic  matter,  obtained  from  perfectly  fresh  living 
muscle  by  boiling  it  with  water  amounts  to  about  2  per  cent,  of  the 
weight  of  the  muscle.  Of  this  amount  .7  per  cent,  is  organic  and  1.3 
per  cent,  inorganic. 

The  nitrogenous  extractives.  In  this  group  are  found  creatine, 
methyl  guanidine,  carnosine,  inosine,  carnitine,  sareosine,  taurine, 
glycocoll,  urea  and  hypoxanthine. 

Creatine.  Creatine,  or  methyl  guanidine  acetic  acid,  CiHoNgOj 
NH,--CC=NH)— NCCHJ—CII,— COOH,  is  described  on  page 
702.  The  amount  of  creatine  in  voluntary  muscle  varies  from  0.3-0.45 
per  cent,  of  the  weight  of  the  fresh  muscle.  Most  of  the  creatine  may 
be  extracted  by  soaking  the  muscle  in  cold  water,  but  a  somewhat  better 
yield  is  obtained  by  making  a  boiled  extract.  Creatinine  is  found  only 
in  small  amounts  in  perfectly  fresh  muscle  and  it  is  doubtful  whether 
it  exists  in  the  living  muscle. 

The  creatine  in  muscle  is  probably  in  union  with  the  colloids  of  the 
muscle,  since  it  docs  not  readily  dissolve  out  of  the  muscle.  Thus  muscle 
contains  in  100  grams  400  mgs.  of  creatine,  whereas  the  blood  contains 
only  2-3  mgs.  per  100  grams.  Creatine  is  given  off  only  in  small 
amounts  to  the  blood  by  the  normal  beating  heart  or  by  the  living  muscle, 
and  while  this  might  be  due  to  the  fact  that  the  sareolcmma  was  almost 
impermeable  to  creatine  it  is  more  probably  due  to  the  creatine  being  in 
a  loose  chemical  or  molecular  union  with  the  muscle  substance. 

The  origin  of  the  creatine  in  muscle  has  been  much  debated  and  no 
satisfactory  source  has  yet  been  established.  It  might  be  derived  from 
arginine,  which  is  guanidine-amino-valerianic  acid,  or  from  some  of  the 
phospholipins,  or  by  synthesis  from  urea  and  sareosine.  The  matter 
is  still  under  investigation  and  no  definite  conclusions  have  yet  been 
reached.  It  appears  probable  that  the  muscle  is  able  to  methylate 
guanidine  acetic  acid  or  glycocyamine.  Whether  the  creatine  of  muscle  is 
increased  or  diminished  by  stimulation  has  been  mnch  disputed.  The 
older  statements  in  this  regard  are  all  open  to  question  because  of  the 
methods  of  determining  creatine,  which  were  not  quantitative;  by 
the  method  now  used  of  determining  it,  by  conversion  into  creatinine, 
a  more  accurate  determination  is  made,  but  one  also  open  to  many 
errors.  If  the  muscle  is  stimulated  in  situ  with  its  normal  blood  supply 
several  observers  have  found  that  the  creatine  is  diminished  instead  of 
increased  by  stimulation.  Liebig  reported  that  the  muscles  of  a  hunted 
fox  contained  several  times  the  normal  amount  of  creatine.    According 
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to  recent  work,  contraction  of  musole  doca  not  cliange  ite  creatine 
content,  but  any  means  wliU-h  dlinimstics  the  tonicity  of  the  muBcle 
docs  diminish  the  creatine  aontcnl. 

Jta-creatinine.  Tim  ha8  been  isolated  from  fresh  fish  muscle.  Its 
n&tnrc  is  uncertain,  but  it  differs  from  creatinine  in  the  greater  &o1q- 
bility  of  the  base  and  picrato  in  water  and  by  the  fact  that  oxidation  by 
potassium  permanganate  docs  not  produce  methyl  fpianidine,  but  am- 
monia. It  may  be  tlial  the  nitrogen  is  bound  to  different  carbon  alomR 
or  that  it  in  a  tautomeric  form  of  creatinine. 

Oarnosine  (Ignotine)  Ct,n,4N,0„,  is  a  ba-sic  extractive  precipitated 
by  phosphotunRstic  acid  and  by  mlver  and  barium  hydrate,  according 
to  Kossel's  histidine  method.  On  hydrolj'sis  it  yields  histidine,  C^H, 
N^O,,  and  vrhat  is  believed  to  be  /^-alanine.  If  this  is  so  camosine  is 
the  first  natural  dipcptide  which  has  been  found  to  have  in  it  a 
/^-amino-acid.  It  has  been  sugprested  ttiat  it  may  arise  from  histidyl- 
aspartic  acid  hy  the  action  of  a  carboxylaite,  splitting  off  the  last 
carboxyl  group  of  the  anpartic  acid. 

Camosine  has  the  following  properties: 

100  grnmii  rratvr  nt  SLO-SS"  dissolve  31  Kfaua  o«moalBe.  It  is  prrapIUtcd  from 
wali-T  by  nicoliol.  f/r)*;"  — +  20.17,  Tlie  nitrate  melts  at  iiZ'  (ThWc's  block). 
Colorless  nwdle-nhnpod  cryaUlB,  m.p.  2Irt°  with  dpoompniiilion.  CAmosiiiP  butM 
Insipid  HJid  ronrU  GtrotiK'y  a.llcnlini'.  It  in  iitil  prrcipittttcd  by  K^TcCy^,  I«t4  ncctatc, 
ncid  or  iKjiiin.  hut  by  llgKI  .  Siiturntul  picHc  acl<l  doe*  not  precipitate  it  but  tuinio 
nitil  pIi09pl)i>luuK^Cio  uciJ*  do.  Gulil  li^rdrodilaridv  gives  a  precipitate.  It  bax  hvea 
foiiiid  ill  tlic  txtrnct  of  hotec,  ox  nnd  piilf  niunclc.  an<l  of  Hub,  nrobs  iind  ojatt-rii,  but 
nnlj  in  tbe  miiftolo.  It  i«  not  foiiint  \n  kidiievs  or  in  livtr.  In  the  hind  leg  of  u  frwh- 
killnl  horse  from  A.4  lilos  of  muacle,  O.CB  paai  of  freo  porlDCs,  2.0  fn'an^s  of 
oamostne  and  about  ]0  grnmB  of  mctbirl  (puuiidln«  were  obtained.  Tbo  ftrwom- 
pnaying  l&lilc  eliowa  tbe  tunounts  of  vnrious  cxtr&ctirci  oontAJncd  In  one  kilo  ol 
varioiiH  inux^U-a.    Th^-  lunouiit'*  nre  eipri'swid  In  fruna. 

AMOiip(T  Of  KxTBAcnvue  rw  c,v\u^  in  Own  Kiu>  Mi'sci-r. 

Creatine     OJW  3.2  SjO  2.0 

Purine    ..i V...      0.W-.07  0.04 

Camoeine    I.W  1.30        O.M         8.0         I.7B        2.23         1.93 

Uethjil  guanidina OSS-.l  0.22 

Carnitiae    2-.17  0.19  OJ 

Carnitine  (Sovaint).  This  has  been  fonnd  in  horse,  calf  and  pig 
muscle.  It  is  a  baaa  preeipitated  by  phosphotungstic  acid,  giving  with 
corrosive  sublimate  a  double  salt,  m.p.,  136' :  C,H,jN0s.2HgCli.  CamU 
tine  is  probably  j'-trinieihyl-^-oxybutyrobetnin,  the  hydroxyl  probably 
being  in  the  fi  position  (or  or). 

0 00 

(cn^i.N/  I 

>  CH^— CHOH— CHj 
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It  would  seem  not  impossible  tliat  thU  base  mig^lit  be  the  mother  sub- 
stance of  choline.  It  is  c»ti(-eivably  formed  From  glutamic  acid  by  splits 
ting  off  carbon  dioxide  nnd  mcUiylation.  This  base  is  said,  by  Kriiu- 
berg,  to  be  identical  with  the  Novain  isolated  from  meat  extract  by 
Kutscher,  but  according  to  the  latt«r  it  is  rather  an  isomer  of  Novain. 
The  oitlitin  of  Kutscher  is  the  diethyl  ester  of  carnitine. 

2'a.urine.  Taurine  is  found  only  in  smali  quantities  in  mamiualian 
muscle,  but  it  is  the  chief  nitrogenous  extractive  in  the  m.uscles  of  vari- 
ous invertebrate*.  The  fresh  muscle  of  the  cephalopod,  Octopus,  con- 
tains at  least  0.5  per  cent  of  taurine,  but  no  creatine  or  creatinine. 
This  muscle  contains  about  .03  per  cent,  of  hypoxanthine  and  no  glyco- 
coU.    Taurine  is 
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Purines  of  mugcie.  The  fact  that  muscle  contains  far  lesa  purines 
than  other  tissues  was  discovered  by  Kassel.  There  is  less  nuflear  sub- 
stance  in  muscle  than  !n  mwtt  other  tiHsues.  In  the  cclU  of  the  thymus 
glands,  for  ex&uiple,  the  nuclei  nearly  fill  the  cells  and  these  cells  con- 
tain seven  to  eight  times  as  much  purine  nitrogen  as  the  muscles,  in 
which  the  greater  part  of  the  cell  is  cytoplasm.  The  pancreas  is  inter- 
mediate in  the  amount  of  nuclear  material  and  purine  bases  it  contains. 
This  fact  indicates  that  probably  the  purine  bases  sre  confined  to  the 
nadeus.  The  amount  of  purines  in  vnriouH  tissues  is  ahown  in  the  follow- 
ing table  in  which  the  purine  nitrogen  is  expressed  in  per  cent,  of  the 
wciglit  of  the  fresh  organ : 

ToTAt,  FtmiiTK   NrrKOOEK    lie   Fkx   Cert,   or  tbk   Wet  Weiokt  or  the  OnUf 

(Burinn  and  Qall). 

Ortpui  PvrccDi. 

Sane  aat  .056 

Ox  mflat .082 

V«I     .071 

Ttaymiu    482  (br  quick  work) 

"  «2B  (by  MOW  u-orlc) 

I'lga  panoT«ft« 123 

Ox   panrrvma    183 

The  by]>oxanthine  of  muscle  increases  during  muscular  \Tork,  whereas 

if  th«  perfused  muscle  is  stimulated  the  purine  base  nitrogen  falls  from 

.OC  to  .04  per  cent.    Muscles  give  oiT  purine  bases  to  the  blood  stream 

when  they  do  work;  they  also  give  oft  some  uric  acid.    The  purine  base 

and  uric  acid  in  the  blood  perfused  through  muscle  behave  as  follows: 

Toiit)  piitini>   t'lic  uiilN    ttfic  Kid    l**H<w 

Bthn  pcrfusfon  4.0 

Atttr  111.  Bt  Krt^lOOO  c-G.  blood  perfuwd  . .  0.2 

S4  period  muMle  at  work — 1000  c.a  blimd  ..  fLS 

3(1  period  iniuwle  at  rut  1  b. — 1000  cc.  blood  . .  lO.S 


mg.. 

tagt. 

i.a 

£.1 
9.7 

4.8 

«.a 

17.1 
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OlyeacoU  and  Vrea.  Large  amounts  of  glycoeoll  aro  found  in  the 
niu&cle  of  pecten  irradioiis,  0,39-0.71  p»?r  ecnt.  being  present.  Urea  is 
present  in  only  gmall  amounts  in  Uie  muscle  of  mammala,  .04-.0S  per 
cent.,  but  about  1-2  pvr  v&al.  m  prcseut  in  the  tnusclai  of  elasmobranehB, 
such  as  tlic  sharks  and  rays.  If  elosmohrsjic])  nniKclo  drifji,  some  of  the 
urea  dcitomposcs  yielding  ammonium  nurbonatc,  ho  that  the  raascle  ap- 
pears to  have  urease  in  it. 

Incsine  (Camine),  C,oIIi^(0(.  This  substance  is  a  decomposi- 
tion product  of  inosinic  acid  and  consists  of  a  compound  of  hyposan- 
thine  and  d-ribose,  a  pentose.  Similar  substances  (Vemin)  have  been 
found  in  plant  celts  by  Schulze.  Of  its  function  or  significance  nothing 
is  known. 

Inosinic  acid.  CjoH^N.POb.  This  was  discovered  in  muscle  by 
Liebig,  who  quite  overlooked  its  phosphorus  content,  but  fouud  that  it 
yielded  sarkine  (hypoxanthine)  and  a  carbohydrate.  It  has  since  been 
sbovn  to  bo  a  compound  of  hypoxan thine,  d-ribose  and  phosphoric  acid 
and  to  have  tlic  probable  formula: 

0  =  C— NU 

O  H    H    H    H   II  I     [ 

no— P— O-C— C— C— 0-C— C^  M    11 

in    i  i^ll^'        "  ^^ 

About  .11  per  cent,  of  inosinic  aciil  is  present  in  the  muscles  of  fowls, 
whereas  none  is  present  in  the  muselcs  of  pigeons.  None  was  found  by 
Schlossbergor  in  human  muscle.  Inoeinic  acid  is  obtained  from  the 
alcohol -extracted  anil  powdered  meat  by  extraetiug  one  kilo  of  the  dry 
residue  with  2-3  liters  of  warm  water.  The  pliosphates  arc  carefully 
prei'ipitated  with  Ba(On)^,  t)ie  solution  neutralized  with  HNO,  and 
the  ino-sinic  acid  precipitated  with  AgNO,.  The  precipitate  is  d'Ccora- 
posed  witli  KjS  and  the  jSltrate  evaporated  to  a  syrup,  whieh  becomes 
powdery  with  alcohol.  The  free  acid  is  insoluble  in  uleohol  and  ether. 
1,000  parts  of  water  at  16'  dissolve  2,5  parts  of  the  salt.  Inosinic  acid 
is  a  mono-nueleotide.  Whether  it  is  found  in  the  nuclei  or  cytoplasm 
cannot  be  said.  Its  relation  to  the  nucleic  acid  of  the  nucleus  is  un- 
known. 

i-Inosite.  CaHuOg;  CelTB(OH)  „.  TTexahydroxyhexamelhylene.  Ino- 
ite  is  found  in  nearly  all  organs  of  the  animal  body,  in  tlic  heart, 
leletat  muscle,  liver,  pancreas,  spleen,  kidneys,  supra-renals,  ttslea, 
spinal  cord,  brain  and  lungs  of  mammals.  It  docs  not  occur  in  the 
normal  urine  of  man  or  rabbits,  but  it  has  been  found  in  the  urine  in 
diabetes  insipidus  and  mellitus  (Kulz).  It  is  not  constantly  present  in 
the  urine  in  these  diseases,  for  in  eight  cases  of  diabetes  insipidus  it  was 
found  only  once.    It  is  sometimes  present  in  quantities  in  the  urine. 
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One  oa«e  of  inoeito-uria  has  b«CQ  describod  in  which  18-20  frrttros  of 
inosito  wore  oxcrotod  daily  (Vohl).  Inoeile  is  also  widely  sproad  ia 
the  plant  world  and  it  ooears  in  espeoially  large  quantities  tn  preen 
IicanH.  It  apjxiani  to  bo  oxidized,  or  destroyed,  iu  the  Iioi3y,  sim-e  Kiilz 
gave  a  man  IIO-SO  gram!)  of  iiiwiitu  luid  nx^ovcrcd  in  thi;  ariuc  only 
0.2-0^  grams.  The  wide  occurrence  of  inonte  in  all  forma  of  living 
cftllfi  indicates  its  coiiiiwhion  with  some  fiindatncntal  process  in  tlip 
living  protoplasm.  It  is  found  united  with  phosphoric  acid  as  phytin  in 
bran.    Phytin  is  probably 

U  01'O(0Uh 

c 

tllO),OPO  C        C  Oi'O(OH), 

it  I       IU 

(IIO),OPO  0         C  OPO<OII>, 

o 

II  opo(on), 

PhjrUi). 

Phytin  h&s  a  maL-kc<i  lasotivu  a^tlion  ou  the  bowels  end  inosito  also, 
when  taken  by  the  mouth,  produces  diarrhoea. 

There  are  in  nature  tliree  forma  of  inosito:  i-inosito,  found  in  mus- 
cle, which  is  the  ino^o-iiiosite  and  inactive;  d-inosile  and  l-inosite.  It 
crystallize]!  in  lai^e.  rhomboliedric  crystals;  it  is  very  soluble  in  hot 
water,  insoluble  in  absolute  alcohol  and  ether;  its  solutions  have  a  sweet 
taste,  but  it  does  not  reduce  Fchling's  solution. 

It  is  generally  tliought  to  occur  fn*  in  the  muscle,  hut  some  think 
that  it  ia  iu  union  with  some  other  eub&tancc.  The  amount  in  muscle 
ia  Bmall,  only  about  .003  per  cent,  being  present.  From  the  brain  10 
grams  were  obtained  from  f>()  pounds.  Of  its  function  nothing  is  known. 
Presumably  it  is  formed  from  carbohydrates. 

UjttilUv. — Tliii  >«  u  boilj-  Tclatvd  to  inaaitc  which  l»  founil  in  thi;  nqncoun  extract 
o(  the  muHcle  closlnj;  the  «lie1l  at  AlyttluB  i><]<itl».  U  n];>pcara  U<  \>f  a  |iMita  nloohol, 
hnviiig  five  groups  cnpoblc  of  acvtylntion.  It  ooiitAina  a  \\v\a  cartion  ring  and  girci 
Schrrcr'a  reaction.  It  I«  Itomcric,  or  ■tcrcoiMnncric  with  qncrcitc  nnd  iwxiurreito. 
IL  rMMtnbtM  an  unhydrldf  of  ino«iU.  Its  fonnuU  Is  C^H  O  2H  O.  Amon|;  the 
other  vxtnicUvrn  of  tlilA  muscle  are  b«tsioe  (Brkgcr;  JcnKo),  taurine  nod  lJi%  «l 
gtj:oogi!n.  J 

Xylose.     Xylose  was  found  by  Ilcnsc  to  make  from  0.4-0.9  per  cenfl^H 
of  the  dr>'  weight  of  tho  mosclca  of  Octopua.  ^^^ 

Camic  and  phosphoecrnic  acid.  This  is  a  substance  found  in  th<i 
extractives  of  muscle  and  obtained  as  a  copper  salt.  Camic  acid  is 
probably  a  dipeptidc  of  Ih?  formula  r,„n,^N,0^.  This  suhatance  hinds 
hydrochloric  acid  so  firmly  tliat  it  fomis  no  precipilale  with  silver 
nitrate  except  on  boiling.  It  givea  the  biuret  reaction  and  is  identical 
with  anti-peptonv.     It  is  said  to  yield  lysine  and  some  ammonia  on 
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hydrolysis.  Camic  acid  exists  also  in  combinntioD  with  phoBphoric 
Dcid,  aoeorditig  to  Siegfried,  to  form  phosphocamic  acid,  to  wliicli  im- 
portant funcitionswcrc  origiDally  assigned.  From  further  work  it  sccm& 
doubtful  whclliep  phosphocarnit;  atrid  is  a  pure  substance.  There  may 
be  a  tierias  of  Kimilar  compounds  of  an  analogous  nature.  It  need  not  he 
conitidered  more  at  len^  .until  further  work  has  been  done  upon  it. 

Svccink  acid.  C.II^O,.  COOH.  CH,— CH,.C00n.  This  acid  is 
one  of  the  more  abundant,  non -nitrogenous  extractives  of  mttsclo.  It  i& 
found  in  the  fresh  muscle  as  well  as  in  meal  extract.  1.5  kilos  of 
dofr's  muscle  two  hours  after  death  yielded  0.24  irrams  of  succinic  acid ; 
from  1,8  kilos  of  beef  muscle,  48  hours  after  slaughter,  0.133  grams 
were  obtained ;  and  sevpn  days  later  1.75  kilos  of  the  same  beef  yielded 
0.12:i  gram.  The  amount  is  so  larf^o  that  it  csnnot  possibly  all  he  de- 
rived from  phosphocamic  acid,  even  if  it  be  admitted  that  the  latter  is 
an  individual.  Snceinic  acid  possibly  plays  a  rdle  in  oxidation,  since 
it  was  found  by  Thunberg  to  influence  oxidation  of  the  muscle  in  quite 
a  special  manner.  This  acid  is  also  one  of  the  constituents  of  the 
oxidizing  ferment  laccase,  which  may  be  of  interest  in  connection  vrith 
the  results  of  Thunberg.  Whether  muscle  can  oxidize  or  destroy  this 
a«d  is  unknown.  It  is  doubtful  whether  it  is  oxidized  to  malic  acid. 
The  rflle  it  is  playing  in  muscle,  the  conditions  of  its  formation,  and  its 
fate,  if  normally  formed  there,  require  ftirther  investigation.  It  is 
found  also  in  the  brain  extractives. 

Lipins  of  muscle. — These  consist  of  neutral  fat,  cholesterol  and  phoa- 
pholipins.  Tlie  latter  are  very  little  known  at  the  present  time.  The 
neutral  fat  probably  comes,  for  the  greater  part,  from  the  connective 
tissnc;  the  phospholipins,  howe%'er,  are  derived  from  the  muscle  itself. 
Of  tbe  skeletal  muscle  the  phospholipin  make!?  about  30  per  cent., 
usually,  of  the  total  lipins,  but  in  the  heart  the  proportion  of  phospho- 
lipin may  be  GO-70  per  cent  of  the  total  lipin.  The  cholesterol  is  about 
0.2  per  cent,  of  the  drj-  substance.  Tlic  phospholipins  of  the  heart,  and 
skeletal  muscle  have  been  invcstipatcd'recently  by  Kriandscn,  In  the 
heart  there  is  found  a  pecidiar  lipin  tike  cephalin,  having  highly  un- 
saturated fatty  acid.s,  which  has  already  been  described  on  page  95. 
There  arc  al.so  present  other  lipins  more  of  the  nature  of  lecithin.  Sinec 
these  bodies  have  probably  not  been  obtained  as  yet  in  a  pure  state 
and  have  been  but  little  investigated,  we  need  not  dlseiiEn  them  further 
here.  The  total  lipin  content  of  the  muscle  is  between  2  and  3  per  cent. 
of  the  wet  weight  of  the  muscle.    Figure  56. 

Inorganic  constituents  of  muscle. — ^Thc  principal  points  of  interest 
in  the  inorganic  constituents  of  muscle  is  the  relatively  large  proportion 
of  potassium  as  compared  with  sodium  and  the  considerable  quantity  of 
phosphoric  acid  present.    The  phosphorus  is  mainly  in  the  iuorganio 
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form.  The  total  araoimt  in  miiscle  is  about  0.2  per  cent  Of  this 
amounl  in  ox  finsb,  Constantino  fonnd  81  i«r  cent,  as  inoi^anic  and  19 
per  cent,  as  organic  phospliorus.  Oriii<Iley  got  93  per  c^t.  in  the  form 
of  inorganic  phosplioruK  in  the  beef  lu^  examined.  Of  tho  organic  phos- 
phorus, 16  per  cent,  ix  present  as  phosphatide  and  3  per  cent  as  other 
arganic  pboophorus  compounds,  nacleins,  etc.  In  heart  muscle,  the  inor- 
gajlic  is  only  40  per  cent,  of  the  total  and  the  organic  60  per  cent.  (Con- 
Btantlno).  In  smooth  muscle  50-7U  per  cent,  of  tlie  total  phosplionta  is 
organic,  but  the  non -phosphatide,  organic  phosphorus  is  larger,  probably 


no.  as. — rHatM&udOD  of  Ilpln  la  idokIa  cells  (Noll).    A.  Upin  nliilned  with  otrale 
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owing  to  the  larger  amount  of  nuclear  material  present.  Thus  in  the 
heart  there  were  42  per  cent,  of  phosphatide  phosphorus  and  20  per 
cCDt.  of  nou-phosphatiJe,  organically  bound  pIio»p)iorus.  In  smooth 
moselc  of  the  50  per  cent,  organic  phoephorus,  27-12  per  cent,  were  in 
the  form  of  nonphosphatide  phosphorus  or^nically  combined. 

In  striated  muscle  there  arc  from  2-3  timns  as  many  atoms  of  potas- 
sium as  of  sodium  present.  The  molecular  ratio  K:Na  is  2.60 — 3.34:1. 
In  smooth  muscle  the  ratio  is  variable.  In  1lie  retractor  penis  it  is  very 
nearly  1 : 1.  But  in  the  stomach  it  is  about  the  same  as  in  striated  mus- 
cle. In  striated  mu.*te!e  of  mammals  there  is  aboat  0.32-0.42  per  cent,  of 
potassium  and  0.04-0.07  per  cent  of  sodiuia  eomputcd  on  the  wet 
weight;  of  smooDi  muscle  that  of  the  stomach  has  about  the  same  propor- 
tion of  sodium  and  potassium  as  striatocl,  but  the  retractor  muscle  of  the 
penis  and  smooth  muscle  of  the  uterus  have  about  0.26  per  cent,  of  potas- 
aiom  and  0.15  per  cent  of  sodiiun  (Constantino.  See  also  Fahr  and 
KTeigs). 

The  internal  secretion  of  muscle. — Like  all  other  tissues  of  the 
body,  the  muaclcs  are  con-stantly  giving  off  to  the  blood  substances 
which  are  to  be  climinalRd,  or  which  a(tec:t  more  or  Ies.s  profoundly 
other  organs.  Knowledge  of  the  substances  thus  given  off  is  still  un- 
certain, but  the  finding  in  the  urine  in  small  quantities  of  most  of  the 
extractives  of  mueclo  (Kutaehor)  shows  that  these  substances  are  prob- 
ably given  to  the  blood  by  muscle.  It  has  been  found  by  perfusion 
experiments  that  earbon   dioxide,   oreatine,   methyl   guanidine,   hypo- 
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ranthine,  lactic  acid  and  acetone  ai'e,  eoraetimcs  at  any  rate,  given  off 
from  contracting  muscle.  Some  of  tlicse  substances  are  o£  importance 
in  Btimulatiag  the  respiratory  center.  This  is  true  of  liie  carbon  dioxide 
and  tlie  lacUc  acid;  others  produce  dilation  of  tlie  arterioles  and  in 
Ibis  way  serve  the  muscle;  the  acids,  also,  have  the  very  important  fuuc- 
tion,  piirtit-iilarly  in  amphibia  and  cold-blooded  aninmls,  of  helping  to 
dissociate  osygen  from  oxyhomoglobin,  thus  turning  the  oxygen  out 
of  the  blood  so  that  it  can  be  utilized  by  muscle.  (See  page  487,] 
Qlood  of  tetanized  dogs  is  said  to  be  toxic  and  on  transfusion  to  other 
dogs  causes  in  them  disturbances  both  of  the  circulation  and  respiration. 
(Compare  paratliyroid  tetany,  page  652.)  The  substances  so  acting 
are  said  to  be  soluble  in  alcohol.  There  is  no  doiiht  that  much  remains 
to  be  done  in  this  branch  of  the  subject.  Methyl  guauidine,  which  is 
found  in  some  muscles,  is  decidedly  toxic,  as  is  also  oblitine.  These  toxic 
bases  have  been  found  in  the  urine  of  dogs  after  parathyroid  extirpation. 

The  metabolism  of  muscle. — It  is  extremely  difficult,  from  the 
account  which  has  Just  been  given  of  its  composition,  to  form  any 
probable  picture  of  the  nature  of  the  metabolism  of  miisele  and  the 
chnngca  occurring  in  it,  particularly  during  t;ontraction  or  muscle  rigor. 
By  many  authors  an  attempt  has  been  made  to  distinguish  between  that 
part  of  tlie  metabolism  which  is  concerned  with  the  formation  of  the 
muscle  cell  itaelf,  its  formative  metabolism  so  called,  and  the  metabolism 
which  is  involved  in  its  activity  during  contraction,  or  its  energy 
motaboliftui.  It  is  doubtful  to  what  extent  this  separation  of  the  two 
phases  is  justiticd,  but  as  it  is  not  unlikely  that  the  character  of  the 
ehcmical  processes  involved  in  forming  the  protein  maehinery  of  the 
muscle  arc  different  from  those  involved  in  furnishing  the  energy  for 
contraction,  the  total  metabolism  may  be  discussed  under  these  two 
headings. 

The  formative  metabolism  of  muscle. — The  formative  metaboltam  of 
muscle,  like  that  of  all  otht-r  crlls,  is  that  metabolism  in  virtue  of  which 
the  substance  of  tJie  muscle  is  produced.  Its  general  featutres  are  those 
common  to  all  cells.  Tiic  proteins  of  the  muscle  are  characteristic  and, 
indeed,  the  muscle  of  each  species  of  animal  has  its  own  specific  protein. 
Probably  were  our  methods  fine  enough,  we  should  find  the  proteins 
of  each  individual  of  tlie  same  species  to  be  different  from  the  cor- 

Jonding  proteins  in  other  individuals.  These  proteins  are  prob- 
made  from  tlie  amino-aeids  brought  to  the  muscle  from  the  digestive 
tract  by  the  blootl.  The  syntliesis  of  tlie  araino-acida  into  the  specific 
proteins  is,  hence,  a  part  of  this  formative  mctaboUam.  It  is  unknown 
how  each  tissue  picks  out  or  uses  just  those  amino-ocids  in  the  right 
piroportion  to  form  its  own  specific  proteins.  Possibly  it  depends,  in 
part,  on  a  slightly  diiCerent  rate  of  destruction  of  the  difforcnt  amino- 
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acids  in  diiFurcut  musclo  oclis.  But  not  only  has  muBcte  tlie  power 
of  iormiug  proteins  £i-om  amluo-acids :  tt  is  also  able  to  destroy  llie»e 
proteins  and  reduce  ihetu  to  umino-acids.  It  lias  tho  property,  in  other 
Trords,  of  auto-  or  seLf-digostion.  This  happenn  in  .starvation;  in  mut- 
ing diseases,  when  fever  oxisls;  and  it  probably  liap|H-nH,  also,  in  the 
wasting  of  a  muscle  from  disusi*.  Tiit!  fumlameiital  protein  iiu*tabi>lisni 
of  muiiclc  is  not  especially  keen.  On  tho  eontrarj',  there  are  many  indi* 
cationa  that  musdits  arc  not  rvniarkiibU:  for  their  powvr  of  growth  and 
repair.  The  fuudamuotal  formative  metabolism  goes  on  at  a  faster  or 
slower  rate,  depending  on  circumstances,  such  as  temperature;  and 
po&sibty  upon  the  numbur  and  character  of  the  nerve  impukes  reavhing 
it;  or  upon  ago,  hviug  more  rapid  tu  youth  than  later  in  life;  or  upon 
health  or  sickueGs,  a  rapid  catabolisia  lukiiig  place  undt'r  eunditions 
of  starvation,  etc. 

but  muscle  is  more  than  a  simple  protoplasmic  cell.  Its  living 
material  has  either  be«n  trans t'nnui'ri  in  Inrge  part  into  a  tnuchtnery 
capable  of  producing  chaugtrs  in  sliapo  of  the  muscle  at  a  rapid  rate,  or 
tlie  living  material  has  fastiionod  in  itself  a  machinery,  possibly  not  a 
truly  living  machinery,  whii-Ji  is  the  machinery'  of  contractility.  It  is 
imjtuGaible  to  say  at  present  whether  the  contractile  machinery  is  truly 
self-perpetuating  or  not;  whether,  in  other  words,  it  is  living  or  not, 
or  whether  it  is  not  to  be  regarded  im  n  piece  of  liPelcss  protein  ma- 
chinery more  like  connective  tissue,  or  the  catgut  fibers  of  Kngle- 
mann's  artificial  muscle,  which  works  undur  thr  influcnw  of  the  chemi- 
cal changes  occurring  iu  the  living  motcrial  which  has  formed  and 
which  Burroutids  it.  Whatever  may  be  tho  truth  of  this  matter  it  seoms 
possible  that  the  muscle  has  quite  a  special  metabulism,  dlfitinet  from  ita 
formative  metabolism,  and  that  this  second  mutaboUsm,  the  energy 
metaboiiHm,  is  coneerued  with  lis  functious  as  a  motor,  or  coulracliug 
engina  This  second  mctaboli.'^m.  that  of  coniractiou,  'a  thought  to  be,  ax 
it  were,  supcrimposul  upon,  or  st:parut»  from,  the  fundamental  metab- 
olism of  the  muscle  cell  proper.  It  is  a  dcstruutive  mctulwlisin,  ur  catab- 
oliam,  by  which  heat  and  energy  arc  set  free  suflUcient  to  move  the 
machinery  and  produce  contraction. 

The  nitrogen  output  of  muscle  is  probably  not  so  keen  during  rest  as 
that  of  many  otiier  tiasuos  of  the  body.  There  is  a  general  law  which 
prevails  throughout  t)ie  whole  nuimal  and  plant  kiugdom  that  that 
organ  which  has  the  most  powerful  lormalive  metabolism  always  draws 
upon  and  reduces  the  metabolism  of  olhcr  organs  of  a  less  intense 
metabolism.  Thus  tho  apical  bmU  of  plants  inhibit  the  development  of 
buds  farther  down  the  branch.  So  in  times  of  fa<!ting  or  star^'ation  tho 
muscle  protein  is  tora  to  pieces  and  converted  into  amino-acids,  which, 
passing  from  the  muscle  to  the  blood,  aro  carried  by  that  interna) 
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nediiim  to  thoso  organs  of  which  the  motabolism  ia  keener,  to  the  brain 
and  nervous  tiasuee  and  the  h«art,  and  serve  to  nourish  those  organs  at 
the  expense  oC  the  muscles.  Thus  during  fasting  the  voluntary  muscles 
wsste  away,  but  the  braiu  and  the  heart  keep  their  weight  almast  un- 
changed, and  those  muHcles  whic'h  are  of  the  most  importance  to  Uie 
animal  and  are  the  most  exercised  draw  upon  those  of  less  Importance. 
This  coDYcrfiion  of  the  muscle  proteins,  or  self  •digestion,  is  accomplished 
by  means  of  autolytic  ensymes;  a  plentiful  supply  of  food  and  ox)-gen 
normally  holds  these  enzymes  constantly  in  check,  Uence  a  rapidly 
contracting  muscle  like  the  heart  is  able  to  maintain  its  material  intact, 
whereas  a  resting  muscle  gradually  wastes  away.  Acids  are  particularly 
prcme  to  set  free  the  aulolytic  enzymes  of  cells. 

The  formative  metabolism  of  muscle  is  also  dependent  directly, 
or  indirectly  through  the  blood  supply,  on  the  innervation.  Muscle  of 
which  the  nerve  has  been  cut  degenerates,  the  cross-striations  break 
down,  fat  staining  in  osniic  acid  appears  and  there  is  a  marked  reduc- 
tion in  the  bulk  of  the  muscle.  This  degeneration  may  be  the  result 
either  of  the  falling  away  of  Uie  nerve  impulses  of  a  heat-producing  or 
tonic  kind,  which  may  normally  be  constantly  impinging  on  the  muscle, 
iinptilses  which  do  not  cause  muscle  contraction  but  keep  it  in  a  state  of 
tone;  or  it  may  be  due  to  the  lack  of  control  of  the  blood  supply  of  the 
muscle.  Ordinarily  the  metabolic  demands  of  the  muscle  are  very  care* 
fully  met  by  the  vascular  s^'stem;  but  in  the  absence  of  this  control, 
no  regulation  of  supply  and  demand  any  longer  exists.  Which  of  these 
mechanisms  determines  metabolic  control  cannot  be  decided.  It  would 
seem  possible,  also,  that  Uie  nerve  impulses  play  an  important  part  in 
the  organization  of  the  musule  substance.  The  re-establishment  of  the 
connection  of  the  nerve  with  the  muscle,  after  the  nerve  has  been  cut 
and  degenerated,  leads  to  the  reoi'ganization  of  the  mu&clc  substance 
and  its  restoration  to  a  normal  state.  It  would  seem  possible  tliat  this 
organization  proceeds  outward  from  the  nerve  terminals  and  is  pro- 
duced by  the  nerve  impulses,  just  as  the  brain  material  ia  organized  by 
the  impulses  coming  into  it.  It  ia  not  possible  to  say  whether  the  growth 
of  a  muscle  accompanying  its  use  is  due  to  a  stimulation  of  the  form- 
ative metabolism  coincident  with  a  stimulation  of  the  energy  metab- 
olism, or  whether  it  is  an  indirect  result  of  the  stimulation  of  the  latter. 
It  is,  on  the  whole,  probable  that  it  is  a  direct  result  of  the  energy  stimu- 
lation and  that  a  nerve  impulse  striking  the  muscle,  not  only  causes  the 
great  catabolism  which  liberates  energy  and  produces  contraction, 
but  also  directly  slimulatea  the  other  chemical  changes  of  a  form- 
ative nature.  Somctljing  similar  occurs  in  nerve  tissue,  in  which  it 
has  been  aho^it  that  Out  formative  metabolism,  which  causes  the  develop- 
ment of  the  centers  of  the  brain,  is  thus  influenced  by  ucrvc  impulses. 
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i-'or  cxomplo,  ii  Ui«  eyelids  of  a  pappy  are  sewed  t^>getber  at  birtb,  so 
that  they  cairnot  be  opened  aod  no  stimalatioQ  o£  the  retina  occurs, 
it  has  been  found  that  Uie  v«IIs  of  tlie  brain  ganglia  concerned  with 
vision  do  not  develop  as  tliey  Dormally  do,  but  remain  in  an  infantile 
state.  In  the  case  of  muscle  it  seems  probable,  as  has  already'  been 
iitutod,  that  a  constant  stimulation  of  the  muscle  tlxrougU  the  nerve 
occurs.  This  stimulation  does  not  cause  muscle  contractiou,  because  it  is 
not  sufSciently  intense,  but  it  is  sullicient  to  stijuulatc  the  formative 
metabolism  and  perhaps  to  maiutaiu  a  certain  tonus  in  the  muscle 

In  the  course  of  the  formative  metabolism  of  moaclo  creatine,  among 
other  things,  is  produced.  Nothing  definite  is  as  yet  known  of  the  real 
function  of  creatine,  but  according  to  the  work  of  van  Hoogenhuyza 
and  Verploegh  creatine  ia  produced  in  the  course  of  that  metabolism 
which  ia  concerned  with  tonus.  These  authors  have  shown  that  tonio 
contraction  of  muscle  increases  Uic  vrcaLiuu  output  in  the  urine  and 
increases  the  creatine  conteut  of  muscle.  Some  authors  have  reported 
on  increase  in  the  creatine  content  of  tnuiiclc  as  a  result  of  ucrvc  stimu- 
lation. While  this  is  not  improbable,  the  evidence  Is  as  yet  unsatis- 
factory. That  muscle  has  in  it  Uie  precursors  of  creatine  ik  probable 
from  the  fact  that  on  autol^'sis  an  inci-eaiira  of  tlie  total  creatine  and 
creatinine  of  the  muscle  occurs.  On  tlie  other  hand,  Mellanby  has 
failed  to  get  einy  such  increase  wlieo  bacteria  were  absent.  But  blood 
certainly  contains  such  a  precursor.  It  is  stated  tlmt  the  addition  of 
gelatin  to  autolyzLng  muscle  increases  the  creatine  formed  on  autolysis. 
A  study  of  the  creatine  content  of  muscle  during  disease  also  indicates 
the  connection  of  creatine  wiUi  the  formative  metabolism.  Thus  in  dis- 
eases involving  the  wasting  of  muscle  abnormally  large  amounts  of 
creatine  appear  in  the  urine  (Sha/fer),  if  tlie  methods  used  for  detecting 
creatine  are  reliable,  which  seems  somewhat  doubtful. 

Xucleins  also  play  a  part  in  the  formative  metabolism  of  muscle. 
The  uric  acid  excretion  undergoes  a  remarkable  rise  following  muscular 
work.  This  rise  la^ts  only  for  a  couple  of  hours  and  is  then  followed 
by  a  fall  so  that  the  total  excretion  is  not  changed  by  work.  Muscular 
work  appears,  in  the  Hist  place,  to  increase  the  bypoxanthine  content, 
and  this  is  then  ccidizcd  to  uric  acid.  It  has  been  suggested  that  this 
oxidation  happens  only  as  the  hypoxanthinc  is  about  to  leave  the  mus- 
cle and  is  due  to  tlie  fact  that  the  bypoxanthine  oxidase  is  found  only 
in  the  periphery  of  the  muscle.  It  is  probable,  since  muscle  is  formed 
in  young  children  when  ou  a  purine-free  diet,  that  muscle  has  the 
power  of  making  purinps  from  non-purine  precursors. 

The  formative  metabolism  inrhidiw  the  power  of  making  glycogen 
and  possibly  of  making  carbohyOrate  from  uoD-carbohydrato  material, 
such  as  the  proteins.    Qlucose  brought  to  muscle  is,  in  part,  stored  as 
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The  origin  of  the  d-ribo»e  in  inosinic  acid  is  unknomi,  nor 
cao  anytbing  be  said  conceniing  the  origin  of  the  pbospliolipiug. 

On  the  whole,  then,  the  formative  metabolism  of  muscle  preHeuts 
just  those  problems  which  all  other  tiBsuea  present ;  problems  of  vrbicb 
the  solution  remains  for  the  future. 

The  energy  metabolism  of  muscle. — The  energy  metabolism  of  mus- 
cle  is,  as  it  were,  uuperimposed  upon  the  formaLivu  motaboltsin.  This 
metabolism  is  peculiar  in  that  it  docs  not  directly  involve  any  increase 
in  protein  catabolism.  Muscular  work  does  not  increase  the  nitrogen 
output  of  the  body  or  of  musele.  Tliis  metabolism  involves  primarily 
the  carbohydrates  and  we  may  now  consider  the  changes  in  vompotu- 
tion  of  muscle  produced  by  muscular  work. 

1.  Change  in  glycogen  content.  That  muscles  contain  glycogen 
in  considerable  qumititJcs  was  diseovvred  shortly  after  Bernard  found 
glycogen.  Tho  amount  of  glyuogen  in  different  muscles  and  in  the  cor- 
responding muscles  of  different  animals  is  variable.  Thus  horse  muscle 
contains  an  unusually  large  quantity  of  glycogen,  1-2  per  cent.,  and 
since  glycogen  van  be  delected  in  muscle  microscopically  by  the  brown 
reaotiou  it  gives  with  iodine,  it  is  passible  in  Uiis  way  to  detect  the 
presence  of  horiuj  meat  in  sausage,  or  other  food  products  in  which  it 
has  been  used,  Auotlicr  muscle  having  a  large  amount  of  glycogen  is 
thut  of  the  scallop,  or  the  shell-closing  muscle  of  Mytilus  edulis,  which 
contains  also  about  1.5  per  cent.  Ox  flesh  and  other  forms  of  muscle 
contain  less.  Thus  it  baa  been  found  tJiat  perfectly  fresh  ox  muscle 
ooDtaina,  on  the  average,  only  0.3  per  cent,  of  glycogen.  The  glycogen 
content  of  muscle  is  subject  to  variaUun  with  (he  diet,  but  the  variation 
is  less  than  that  of  liver  glycogen.  Thus,  in  fasting,  glycogen  disappears 
more  rapidly  from  the  liver  than  from  muscle.  A  large  intake  of  glu- 
cose or  other  carbohydrate  increases  the  glycogen  of  tlve  liver  more  than 
that  of  the  muscle,  hut  still  glycogen  increases  also  in  muscle  in  such 
cases.  The  he-art  muscle  normally  confjiins  fully  as  large  an  amoiznt 
of  glycogen  as  the  skeletal  muscle,  but  glycogen  difiappean  after  death 
more  rapidly  from  the  heart  than  from  skeletal  muscle,  so  that  many 
observers  have  found  less  glycogen  tn  the  heart  tiian  tu  other  muscles. 

The  localization  of  glycngeu  in  the  muscle  has  been  repeatedly  in- 
vestigated. It  is  found  in  the  form  of  granules  in  the  living  matter 
itself  (Arnold),  in  the  sarcoplasm,  bat  not  in  the  fibrils.  According  to 
Arnold  glycogen  ia  best  fixed  by  corrosive  sublimate  containing  some 
glucose. 

The  glycogen  of  muscle  undergoes  a  rapid  decomposition  after  death, 
and  in  beef  which  baa  bung  for  some  time  the  amount  of  glycogen  is 
modi  reduced.  In  hen's  muscle  30  to  60  minutes  after  death,  25-58  per 
eent.  of  the  glycogen  is  lost  and  rabbit's  muscle  in  4  hours  at  40*  may 
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lose  86^  per  nent.  of  its  glycogen  (Boruttau).  This  behavior  ia  similar 
to  that  of  the  liver  and,  like  the  liver,  it  is  duo  to  Uie  presence  iu 
muMde  of  an  enzyme,  an  amylase  or  glycogenase,  whicli  rapidly  converts 
glycogen  into  glucose  when  the  reaction  is  &liglitly  acid.  There  may  also 
bo  found  some  iBo-iualtoae  in  the  muscle  extract,  which  probably  uUo 
Gonws  from  glycogen,  but  there  can  he  no  doubt  that  most  of  the  sugar 
formed  from  the  glycogen  is  glucose. 

QuAKTmr  or  Gltcobkn  i»  Vakioos  Dog's  Musclkh,  Suvwino  the  Quju^rrrx  of 
CLroooBK  IM  CoRUsroNitiNO  Mescua  on  OrrMrrE  Sivks  ox  tux  Doo's  Body, 
TiiK  Kmcr  or  Fxaruso  A.ito  or  Aoe  (UaJgnoii). 

Dog 

Vgry  old.    FrL 
*yenn  old.    Fat. 

S  fi>ttrK  oU. 
1  yvMt  old. 
I  year  old. 

Old  thtg. 
4  yean  oU. 

Old  (log.    ff  days  raiting. 
Old,  fat  dog.    14  ia.yt  foaling. 
8  yt*n  old.   5  A^jt  (uting. 

Besides  having  the  power  of  eonverllng  glycogen  into  glucose,  liv- 
ing muscle  has  a  very  remarkable  power  of  destroying  glueoee,  and 
even  autolyzing  or  hashed  muscle  has  this  power  to  some  degree,  al- 
though it  is  soou  lost  after  death.  This  glycolytic  power,  as  it  is  cftlled, 
it  is  needless  to  say  is  the  most  important  problem  in  the  mctahoHsm 
of  the  carbohydrates  and  it  has  been  keenly  investigated  of  recent  years. 
We  will  IcAve  it  for  the  uioiueul  to  consider  the  change  in  the  amount 
of  glycogen,  which  accompanies  nmseular  contnu-tion  and  work. 

Glycogen  is  much  rednocd  when  muscles  do  work.  Thus  the  follow- 
ing results  were  obtained  when  dogs  were  anesthetized  with  ether,  mor- 
phine and  ehlorotonu,  and  after  the  ligation  of  both  the  external  iliac 
arteries  and  compression  of  the  dorsal  aorta  the  crural  nerve  on  one 
Ride  was  stimulated  as  long  as  the  muscle  would  contract.    The  stimu* 
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muscle  was  then  stimulated  directly  as  long  aa  it  would  respond. 
The  two  corresponding  muscles  of  tlie  two  sides,  stimulated  and  un- 
Btitnolated,  were  tlica  removed  and  Uioir  glycogen  determined  by  the 
not  very  accurate  Briicke  process.  The  unstimulaled  muscle  contained 
from  .532-.tt84  per  uvul.  of  glycogen;  wliile  the  active  cantoned  0.116- 
D.1IM  per  cent  Irritability  of  a  muscle  ih  lost  long  before  its  glycogen 
is  exhausted.  On  a  Icss-exIciidiHl  stimulation  there  was  found  in  tho 
unstimulated  0.716-0.560  per  ccDt.  and  in  the  stimulated  0.440-0.112  per 
cent.  On  the  other  hand,  division  o£  a  motor  nerre  increases  tho  glyco- 
gen content  of  that  muscle,  as  compared  with  the  corresponding  mosele 
of  which  the  uen'u  has  heen  left  intact.  In  frogs  the  increase 
may  be  20-30  per  cent,  of  the  original  amount;  in  cats  and  rabbits  the 
change  is  not  so  marked.  Tetanus  of  frog's  legs  caused  s  diminution 
of  24-50  per  cent,  of  the  glycogen  of  the  stimulated,  as  compared  with 
the  unstimulated  side.  In  prolonged  stimulation  and  tetanus  by  strych- 
nine, glycogen  undergoes  a  great  diminution. 

From  the  foregoing  i-esultfi  there  is  no  doubt  that  during  muscular 
work  there  Is  a  great  diminution  in  the  glycogen  content  of  muscle. 
Glycogen  is  used  up,  presumably  converted  first  to  glucose  and  then 
osidizod.  The  energy  used  in  muscular  work  may  come,  therefore,  from 
this  oombustiou  of  the  glycogen.  The  question  arises  whether  this  is  the 
Bole  BOuree  of  the  energy.  Is  there  enough  glycogen  in  the  body  to  do 
the  whole  work  whieli  the  muscle  doesK  This  question  is  very  difficult 
to  answer.  A  comparison  of  the  amount  of  energy  used  in  the  work 
done  with  the  amount  wbieh  would  be  set  free  from  the  combustion  of 
the  glycogen  which  had  disappeared  during  the  working  period  has 
given  a  very  bad  agreement  between  the  two  values.  Seegen  found 
that  the  work  done  by  an  c^^tirpated  muscle  represented  2-11  per  cent. 
of  the  energy  presumably  available  by  the  burning  of  the  glycogen. 
From  this  factor  be  calculated  that  there  was  not  enough  glycogen  in 
the  body  to  yield  the  energy  of  muscular  work,  but  Schenck  has  very 
juatJy  criticuiRd  tJictte  conclusions  because  the  muscle  was  working  under 
unfavorable  conditions,  because  in  the  body  glycogen  can  be  rapidly 
,,  and  because  there  was  no  proof  that  Uie  disappeared  glycogen 
'£3  ietually  been  completely  burned.  There  is  no  doubt  trom  the 
persistence  of  the  power  of  muscular  eouti-action  in  severe  diabetes, 
where  the  power  of  oombustiou  of  carbohydrates  has,  presumably,  been 
completely  lost,  that  certainly  muscle  has  the  power  of  burning  other 
foods,  fats  for  example,  as  a  source  of  its  energy. 

The  fasting  heart  holds  its  gly«ogi;ii  longer  than  the  body  muscles, 
for  it  draws  on  the  voluntary  muscle  for  its  nourishment  during  atan'a- 
tio&.  The  heart  has  the  power  of  nourishing  itself  even  from  a  very 
greatly  impoverished  blood.    In  rabbits  after  six  days  of  fasting  tho 
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muscles  still  contain  0.04-0.06  per  cent  of  glycogen ;  cats  retain  0.05' 
per  cent,  after  1^14  days  d(  t'obtiiig ;  tli«  musclrs  of  dores  after  2-8  days 
of  fastinir  cootoiu  Irom  0.07-O.32  per  cent  The  most  surprising  rosoit 
is  found  in  horse  muscle,  which  still  contains  from  D.98-2.43  per  cent, 
of  glycogen  after  9  days  of  fasting  (Aldehoff^. 

The  giycogon  in  muscle,  like  that  in  the  lirer,  is  nnder  the  control 
of  the  iuturual  Kecrctious  of  Uie  bod/,  and  particularly  under  that  of 
tlic  supra-rcnal  gland.  Tliu  obscrration  was  made  nearly  forty  yeara 
ago  tliat  if  cats  were  simply  tied  down  on  an  operating  board  tliey  showed 
after  half  an  hour  a  very  marked  glycosuria,  and  that  if  they  remained 
there  the  animals  died  after  3G  hours,  with  a  great  fall  of  blood 
pressure  and  body  temperature.  The  muscles  of  these  animals  proved 
to  be  completely  free  from  carbohydrates  and  the  liver  lost  its  glycogen 
before  the  muscIeR.  This  disappearance  of  glycogen  is  probably  due  to 
the  discharge  of  adrenaline  from  the  aapra-renal  glands  into  the  blood; 
a  diiichiirge  which  accouipauieji  emotions  such  as  angiT  and  fear  and 
the  object  of  which  may  possibly  be  to  promote  the  libcratiou  of  the 
carbohydrate  so  that  it  may  be  in  a  condition  for  rapid  bui-ning.  Thus 
the  chances  of  eecape  of  an  animal  might  be  facilitated  (Cauuon).  By 
causing  the  transformation  of  glycogen  Into  glucose  there  are  put  at  the 
disposal  of  muscle  Urge  stores  of  fuel,  thus  malting  possible  a  supreme 
clTort.  In  this  cjisc  the  skeletal  muscles  are  affected  by  ner\'e  impulses 
to  the  supra-renals,  these  nerve  impulses  acting,  as  it  were,  at  a  distance, 
that  is  indirectly  on  muscle.  The  impulses  impinging  on  the  supra-renal 
glands  cause  these  to  set  free  substances  which  profoundly  oifect  the 
metabolism  of  the  muscle;  may  it  not  be  possible  that  the  eiTect  of  the 
nerve  impulse  to  Uie  muscle  itself  is  to  set  free  substances  which  caniK 
the  contraction  of  muscle  T  The  nen-e  impulse  may  not  be  a  direct,  but 
on  indirect,  cause  of  the  contraction.  The  latent  period  may  have  this 
explanation,  The  muscles  have  much  Icks  glyco^i^n  tn  pancreatic  and 
phlorizin  diabetes,  but  it  does  not  completely  disappear.  Accompany- 
ing this  loss  of  glycogen  there  is  a  marked  weaken  ing  of  mnscnliir  pow- 
er*. Arsenic,  also,  causes  a  disappearance  of  mii<tcle  glycogen  in  cats. 
As  adnmalinc  causes  a  discharge  of  glycogen  from  muscles  so  there  may 
also  be  siibetaoces  which  cause  a  retardation  of  the  transformation  of 
glycogen  to  glucose,  and  it  is  not  impossible  that  certain  antipyretics, 
SDch  as  acetanilide  or  nntipyrln,  may  have  Rome  such  action.  This  poo- 
Bibility  should  be  investigated. 

From  these  observations  it  appears  that  glycogeji  in  contained  in 
muscle  lo  eon&iderable  quantities.  Tn  a  nmn's  body,  if  his  muscles  con- 
tain 0.3  per  cent,  of  glycogen  and  weigh  30  kilos.  Ihrrc  wonld  lie  roughly 
90-100  grama  of  glycogen.  This  is  partly  consumed  dnring  musmlar 
work,  the  trausfuruatiou  into  glucose  being  caused  by  an  enzyme  toad- 
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lar  to  thu  glycogcDUfio  of  tba  liver.  The  glyoogea  of  muscle  is  less 
aff«ct«d  by  diet  than  that  of  the  liver,  bat  still  it  \a  aifecteil  somcwliat. 
in  gtarvBtioQ  it  diDunishes,  aud  on  carbohydrate  food  it  increases. 
After  death  il  disappears  with  greater  or  \em  speed,  and  under  the 
influence  of  adronatiuc  or  jjhlorizin  it  is  greatly  diminiBhed.  We  have 
now  to  inquire  conc!«riiing  the  further  detwmpcMition  of  the  glneose  sot 
free  from  the  glycogen. 

The  glycolytic  power  of  muscle.  Most  of  the  sugar  which  is  burned 
in  the  body  is  burned  in  mascle.  It  is  a  veritable  conflagration  wbich 
ifl  then  going  on,  a  conflagration  which  warms,  animates  and  invigorutos 
us,  but  a  coufla{;ratiou  giving  a  light  too  Riibtile  to  be  seen.  What  is 
the  nature  of  this  couflagration,  of  this  wonderful  combustion  in  an 
aqueous  medium,  wlueh  cauKeii  lieat  and  elt^jtricity  but  so  seldom  pro- 
daces  lightt  The  true  solution  of  this  problem  still  eludra  physiolo- 
gists. Do  ihti  sugar  molccrules  burn  aa  such,  or  are  they  first  torn  to 
pieces  by  rhcmical  union  with  somr.  catalytic  substance!  It  may  be 
imagined  that  they  unite  with  some  of  the  aiibstances  in  living  matter 
and  when  tiic  union  is  made  the  sugar  molecule  is  no  longer  stable  but 
breaks  into  fragments.  When  a  piece  of  wood  bums  it  is  not  the  wood 
which  burns,  hut  the  pieces  of  the  molecules  of  wood  whicli  have  been 
dissociated  by  the  heat  and  which  have  suf'h  an  affinity  for  oxygen  of  the 
air  tliat  Ihey  inflame  spontaneously.  And  it  is  probably  so  in  mnscle, 
also,  only  it  is  not  heat  which  fragments  the  sugar  molecule  in  muscle, 
bot  a  substance  which  unites  with  the  sugar.  Protoplasm  is  itself  the 
torch. 

The  property  of  thus  fragmenting  the  sugar  molecule,  is  it  a  prop- 
erty of  the  living  protoplasm  only,  or  ia  it  due  to  a  substance  which 
may  be  isolated  from  the  protoplasm  and  whieh  will  have  the  same 
properties  outside  tlie  cell  as  Sn  itt  Many  men  have  Rought  for  such 
a  Bubsfnnce.  The  property  of  thus  fragmenting  the  sugar  raolcrule 
seems  to  be  a  property  of  living  muscle  only.  Dead  muscle  no  longer 
has  this  power.  It  is  true  that  ground  muscle  has,  also,  some  glyco- 
lytic power,  but  this  power  is  soon  lost;  it  inheres  only  in  fragra^nts  of 
the  living  matter  itself;  it  is  never  very  groat.  Ertraets  of  muscle  do 
not  have  the  power  of  glycolysis.  It  is  imposaiblo  to  say  whether  this 
power  is  due  to  some  stibstanee  wliicli  ia  very  unstable  and  thus  hard 
to  isolate,  or  whieh  is  destroyed  by  the  action  of  other  ferments  such 
as  the  digestive  ferments  of  muscle,  or  whether  it  Is  only  the  organized 
biogenic  molecules  which  have  the  power.  The  course  of  development 
of  the  science  in  the  past  leads  one  to  hope  that  the  isolation  of  this 
eabstancc  will  ultimately  be  mode,  but  if  it  is  made  it  will  be  one  of 
the  most  fundamental  discoveries  in  the  history  of  science,  for  every- 
thing indicates  that  this  fragmentation  of  the  foods  is  a  preliminary 
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to  their  whole  metabolism  and  not  alone  to  tbcir  oxidation.  It  is  a 
prablom  to  be  actively  prosecuted  by  every  means.  Lcpine  and  the 
French  and  Belgian  physiological  cheoiista  with  characteristic  gcmua 
have  most  keenly  attacked  this  fundamental  problem.  They  ho^c  found 
that  not  only  muscle  but  blood  and  other  tissues  have  the  power  of 
mating  glucose  disappear,  but  they  have  not  shown  that  the  disappeared 
substance  has  been  oxidized  or  destroyed.  It  may  have  been  rosyntho- 
sized  into  maltose  or  some  other  substance  hariog  a  lower  reducing 
power  than  glucose.  From  yeast  a  substance  has  been  isolated  which 
does  fragment  the  sugar  moleenle  into  carbon  dioxide  and  alcohol. 
Thia  Bubstanoe  is  zymase.  Possibly  a  similar  enayme  fragmeuling  the 
sugar  molecule  in  the  same  or  slightly  different  way  may  exist  in  muscle. 
Definite  Btatemenls  cannot  yet  be  made,  but  the  "presence  of  small 
amounts  of  alcohol  in  muscle  tisstuc  is  held  by  some  to  be  significaut. 

What,  then,  is  the  character  of  the  fragmentation  of  the  muscle 
sugart  This  question  cannot  be  answered.  By  some  it  is  suggested 
that  the  glucose  is  fragmented  by  a  process  analogous  to  or  identical 
with  the  fermentation  by  yeast  into  alcohol  and  carbon  dioxide  and  that 
the  alcohol  is  then  oxidized  to  CO,  and  H.O.  But,  while  small  amounts 
of  ethyl  alcohol  have  been  recovered  from  muscle  and  alcohol  is  readily 
burned  in  the  body,  it  is  not  probable  that  the  whole  metabolism  goes 
in  this  direction.  liSPtiR  and  succinic  acid  are  produced  during  mus- 
cular work  and  acetone  in  large  amounts  when  work  is  done  during 
fasting.  The  fact  that  muscle  has  the  power  of  methylating  many  sub- 
stances, such  as  glycocyamine,  would  indi<!fl.le  that  some  fonnaldehyde 
was  formed  during  the  process  of  fragmentation.  The  ready  synthesis 
of  imidazole  from  pyru'vic  aldehyde  and  ammonia  according  to  the  I'eac- 
tion  on  page  IBS  and  the  presence  of  considerable  amounts  of  histidino 
in  muscle  might  suggest  the  formation  of  pyruvic  aldehyde  ax  an  inter- 
mediate substance.  Nothing  is  certainly  known  of  the  character  of  the 
first  products  of  the  fragmentation  of  the  sugar  molecule.  The  solution 
of  this  problem  is  of  the  highest  importance  for  understanding  muscu- 
lar contraction  and  for  the  treatmeDt  of  diabetes  mellitus.  "While  it  is 
generally  assumed  that  the  fragmentation  of  the  gluiiose  molecule  pre- 
eodca  ita  oxidation,  it  is  not  impossiblo  that  thia  view  is  incorrect  and 
that  primarily  an  oxidation  to  an  osone  or  other  ketone  occurs  and  that 
this  compound  is  then  fragmented  by  some  constituent  of  the  muscle. 
These  partially  oxidized  sngar  moleeules  would  probably  be  far  leas 
stable  than  the  normal  molecule,  just  as  the  partially  oxidized  fatty 
acid  molecules  are  less  stable  tlian  the  saluruted.  iitioxidiKcd  molcciilet. 
According  to  the  view  of  nermann,  rIuposc  ia  built  into  the  nitrogen- 
containing  complex  molecules  of  the  cell ;  this  is  then  oxidized,  the  carbo- 
hydrate burned  and  the  inogen  molecule,  so  called,  is  rcconatitated,  the 
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nitrogen  part  hcing  retained  in  the  eeU^  so  that  the  total  nitrogea 
excreted  ia  not  increased. 

Lactic  acid.  Da  Bois  liaymond  found  that  muscle  is  normally  allia- 
line  in  r«actioQ  to  litmus,  but  becomes  acid  wheu  It  works.  The  acidity 
is  very  alight  and  not  demori-itrable  if  the  muscle  is  well  ^ipplicd  with 
oxygen  and  blood,  but  it  becomes  noticenWe  if  the  circulation  is  inter- 
rupted and  the  muscle  stimulated.  The  acid  formed  is  in  part  the  dcxtro- 
rotary  lactic  acid,  or  sarco-lactic  acid,  CHj.CHOH.COOlT.  It  is  still 
undecided  whether  lactic  acid  is  formed  exclusively  from  carbohydrate 
or  not,  but  the  best  evidence  is  that  most  of  it  is  derived  from  glucose. 
It  ia  usually  removed,  if  o,\yeen  is  present,  as  rapidly  as  it  is  formed.  It 
was  formerly  thought  to  be  oxidized,  but  HiU  thinks  it  is  rea;yiiUicsized 
into  muscle  sahatance.  Any  accumulation  is  thus  prevented,  unless  the 
cntranee  of  oxygen  is  rastncted.  The  development  of  acidity  in  muscle 
can  be  made  very  strikingly  evident  by  an  experiment  devised  by 
Drcser.  If  acid  furhsin  is  injected  under  the  skin  of  a  frog,  it  is  car- 
ried by  the  blood  all  over  the  body,  but  it  will  not  stain  the  tissues  and 
muscles  while  these  are  alkaline.  At  best  only  a  little  superficial  pink- 
ncss  appears  in  parts  of  the  connective  tissue.  After  giving  lime  for 
this  distribution,  the  blood  supply  of  both  tegs  is  interrupted  by  Ligating 
the  blood  vessels  and  the  sciatic  nerve  going  to  one  leg  is  teUnicoUy 
Btimuleted  for  some  minutes.  If,  then,  the  f^kin  Is  removed  from  the 
bind  legs,  it  will  be  found  that  the  muscle  which  has  been  stimulated 
is  intensely  red.  while  the  resting  leg  is  at  most  a  faint  pint.  It  the 
Mood  supply  remains  intact,  stimulation  of  the  muscle  does  not  have 
this  effect,  for  the  acid  is  neutralJKed  and  removed  as  rapidly  is  it  is 
formed. 

The  acidity  of  muscle  may  also  be  shown  by  immersing  two  gas- 
trocnemius muselea  in  sodiimi  ehlorftte,  n/8  solution,  and  stimulating 
one.  Sodinm  chlorate  in  neutral,  or  slightly  alkaline,  solutions  is  not 
toxic,  hut  in  the  presence  of  only  a  little  acid  it  produces  rigor  of  the 
muscle.  The  tetanized  muscle  will  l>e  found  to  go  into  rigor  while  the 
other  remains  li'ving. 

Various  mechanisms  exist  in  muscle  for  the  mnintenance  of  ita 
neutrality.  These  mechanisms  have  already  been  discussed  on  page  347. 
They  arc  (!)  the  oxidation  of  the  acid  to  very  weak  aeid,  such  as  CO,, 
which  will  easily  escape  from  muscle  or  combine  with  the  amino  groups 
of  the  proteins.  (2)  The  neutralization  of  the  organic  or  mineral  ncid 
produced  cither  by  sodium  carbonate  or  sodium  phosphate.  By  this 
the  neutral  salt  of  the  strong  acid  is  formed  and  carbonic  and  NaTTjPO, 
being  very  weak  acids  are  but  little  ionized;  (3)  there  is  a  deamidiza- 
tion  of  some  amino-acid  setting  free  ammonia  which  neutralizes  the  acid 
and  then  the  carbon  part  of  the  amtno-acid  ia  oxidised  to  CO,  and  H^O. 


6et 


PHVSIOUOOICAL  CUBMISniY 


Eveiy  acidosis  is  accompaniE>d  by  a  larger  or  snialtRr  increase  in  ainmonla. 
It  is  reported  that  a  working  perfused  muscle  adds  a  litlle  amrnania  to 
Che  perfused  blood.  This  is  probably  greater  when  the  respiration  is  in 
any  way  reduced.  (4)  It  is  possible  that  other  bases  may  be  formed 
also.  Muscle  has  the  power  of  forming  various  diamines  such  as 
putrcscinc.  These  are  formed  by  the  splitting  off  of  carboxyl  from 
the  amino-acid.  Such  baaes  occur  in  muscle  and  they  may  be  formed 
in  small  quantities  as  part  of  the  neutrality  mechanism.  Tbey  are  cer- 
tainly leiss  important,  howcTcr,  than  any  of  the  other  nentrality  factors 
mentioned.  (I)}  Another  merhanism  which  might  have  some  importance 
ia  the  conversion  of  creatine  to  creatinine.  The  !att*r  beinR  the  stronger 
base  has  mnch  creater  powers  of  neutralizing  acid  than  has  creatine. 
To  what  extent  creatine  thus  plays  a  part  in  regulating  the  acidity  of 
mnscle  cannot  be  said.  If  it  does  play  any  considerable  part  in  this 
vay,  it  would  be  an  iuteroRting  example  of  how  the  balance  of  living 
matter  is  preserved  or,  as  Hering  puis  it,  how  the  need  produces  the 
satisfying  of  the  need;  of  how,  in  other  wonls.  living  matter  shows  its 
wonderful  powers  of  adaptation  to  circiimstanveH.  The  acid  creates  the 
base  which  saturates  the  arid. 

Does  the  nvclcvs  play  a  part  in  contraciionf  A  very  interesting  but 
entirely  unsolved  problem  is  the  possible  involvement  of  the  naclens 
in  the  processes  of  contraction  and  energy  metaboliRra.  On  stimnlation 
of  the  muscles  of  amphibia  it  is  said  that  there  is  a  fall  in  the  total 
purine  nitrogen  of  Ihc  muscle  of  about  9-17  per  cent,  of  that  present 
at  the  start  (Rcaffadi).  Bnrian  states  that  on  stimulation  the  hypoxan- 
thine  at  first  increases.  Theac  facta,  scanty  a-s  they  are,  indicate  the 
jMJSsibilify  that  the  nuclei  are  not  the  passive  spectators  of  muscular  con- 
traction that  they  arc  often  imagined  to  be.  Perhaps  they  actively  inter- 
rene.  Histological  studies  of  the  great  cells  of  Nccturus  might  throw 
light  on  this  problem. 

The  mechanism  of  the  contraction. — During  contraction  of  muscle 
carbohydrates  disappear,  heat  is  liberated,  carbon  dioxide  is  given  off 
and  lactic  add  appears.  No  change  in  the  bodies  containing  nitrogen 
ia  known  to  occur,  except  n  slight  increase  in  the  ammonia  and  the 
changes  in  the  purines  which  have  been  described.  "Work  does  not 
increase  the  nitrogen  output  in  the  urine.  Wo  may  now  ask  the  {ine»- 
tjon:  How  is  the  contraction  produced  1  Like  all  the  other  fiindaraentaJ 
questions  of  physiology,  this  question  cannot  be  completely  an.<nTered 
at  the  present  time.  Indeed,  we  cjin  do  but  little  more  than  eonjocture. 
The  sngpestions  which  have  been  made  are  the  following: 

The  machinery  or  contractile  engine  in  the  muscle  is  cortAinly  pro- 
tein in  nature  and  doubly  refracting.  The  muscle  sarcostyles  consist 
of  a  very  dense  or  concentrated  gel  and  these  gel  particles  arc  in  very 


THB    CONTKACIILE   TISSUES.      ML"S(;LK 


flSS 


I 


mil  units,  so  that  their  surface  is  very  large  wimparcd  to  the  bulk. 
Protein  geU  have  the  peculiarity  of  svfellmg  grcully  and  very  rapidly 
in  the  pn-eence  of  acid.  It  has  been  suggested  that  the  gel  particles  lu 
protoplasm  lire  arranged  mcchanieally  in  very  fine  Sbrils  and  that  a 
more  fluid  gel  op  a  liquid,  the  sareoplasm,  ia  about  them.  Wiien  the 
nerve  impulse  sweeps  over  the  muscle  it  causes  in  some  unknown  way 
the  combustion  of  the  carbohydrate,  wliieh  in  part  at  least  is  prohably 
built  into  the  machinery,  and  this  combustion  produces  acids  such  as 
lactic  acid  and  succinic  acid.  Heat  ia  liberated  at  tlio  same  time. 
Under  the  influence  of  the  heat  and  the  acidity  these  gc!  particles  at 
once  absorb  water  from  their  surroundings  and  awcU.  Being  confined 
in  tubes,  or  the  molecules  being  oriented  in  a  certain  way,  as  in  a  crystal, 
the  swelling  doe*  not  take  place  uniformly  in  all  directions,  but  they 
broaden  and  sliorten  in  length.  They  swell  in  a  direction  transverse 
to  the  long  axis  of  the  muscle  and  thus  cause  a  stiortening  in  tlie  other 
direction.  Tliis  producea  the  contraction.  But  almost  at  once  the 
lactic  acid  is  burned  or  rccombiued  and  the  carbon  dioxide  escapes  from 
the  muscle;  tlic  acidity  is  quickly  reduced;  the  affinity  of  the  con- 
tractile eJements  for  water  returns  to  the  normal ;  and  water  passes  out 
of  the  sarcostytes,  which  thus  return  to  their  normal  size.  The  elastic 
properties  of  tJie  mascle,  which  Kite  has  described,  help  it  to  regain 
its  normal  condition.  On  this  view,  then,  the  essential  cause  of  the 
shortening  is  the  production  of  acid.  Kverythicg  follows  as  a  result  of 
this.  Of  course.,  the  heat  liberated  will  also  assist  in  the  process.  There 
are  various  additional  circumstances  which  may  be  urged  in  support 
of  this  view.  If  it  is  correct,  then  if  the  oxidation  or  removal  of  tho 
lactic  acid  could  be  prevented  the  muscle  should  remain  permanently 
shortened.  Just  this  Ls  what  happens,  according  to  many  observers  in 
"  r^or  mortis.'^  Mnscles  after  death  go  into  a  condition  of  extreme 
contracture  and  hardnes.-!.  They  become  rigid  and  this  rigor  persists 
for  some  time.  A  muscle  which  has  been  stimulated  for  some  time  just 
before  death  becomes  rigid  at  death  much  quicker  than  one  which  has 
been  at  rest.  Certain  poisons  of  the  picric  acid  group,  which  cause 
great  fever  in  mammals,  cause  rigor  to  appear  immediately  after  death. 
If  a  little  aeid  is  added  to  afiuid  which  is  being  perfused  through  muscle, 
its  rigor  comes  on  much  earlier  than  normal ;  whereas,  if  alkali  is  added, 
rigor  is  delayed  or  may  tie  prevented  entirely.  The  hpginning  of  rigor 
pan  be  checked  or  entirely  prevented  by  alkaline  Ringer's  solution. 
Purlhcrmore,  since  oxygpn  in  the  presence  of  the  muscle  destroys  lactic 
acid  or  causes  it  to  recomliine.  oxygen  should  prevent  rigor,  and  such 
is  the  case.  If  muscles  are  placed  in  atmospheres  of  eomprosaed  oxygen 
80  that  a  plentiful  B\ipply  of  oxygen  is  present  all  the  time,  they  take 
much  longer  to  become  rigid  or  they  may  not  go  into  rigor  at  all.    On 
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the  Other  hand,  the  muscles  of  frogs  placed  in  hydrogen  become  ripid 
nnosuaUy  soon.  All  of  the«e  facts  agree  with  the  hypothesis  tliat  acid 
is  the  direct  cause  of  the  muscle  eontraction  and  that  in  contraction  we 
are  dealing  with  a  swelling  or  imbibition  phenomenon  of  protein  col- 
loids. Another  fact  which  points  in  the  same  direction  is  that  niaaclea 
placed  in  salt  solutions  containing  small  nmoiiats  of  acid  take  up  more 
water  and  increase  in  weight  much  faster  than  if  the  muscle  is  in  a  neu* 
tral  salt  solution. 

On  the  other  hand,  there  are  certain  ohjeelions  which  may  be  oi^'l 
to  this  view.  The  first  objection  is  tlie  very  great  speed  of  the  con- 
traction aud  relaxation  of  the  wing  muscles  of  insects.  These  may  eon- 
tract  (bees)  as  many  ns  400  times  per  second.  It  has  seemed  to  many 
physiolc^ists  that  it  is  extremely  unlikely  that  any  such  rapid  imbibi- 
tion  and  syneresis  could  occur.  They  have  suggested  as  an  alternative 
view  that  the  change  can  only  be  one  which  affects  the  surface  of  the 
fibril,  like  a  change  in  surface  tension,  so  that  tlie  change,  whatever  its 
nature,  need  not  penetrate  any  distance.  The  iosurmountabtc  objection 
to  this  view,  or  at  least  it  seems  insurmoun table  at  the  present  time,  is 
that  the  interior  of  the  ronscle  where  these  changes  arc  tjihing  place  is 
probably  not  a  liquid,  but  is  a  gel  and  elastic  and  tough.  (Perhaps  more 
of  the  nature  of  a  liquid  cr^'stal.)  It  is  impossible  to  suppose  that  the 
phenomena  of  rapid  change  of  form  under  the  inBuencc  of  surface  ten- 
sion can  occur  in  such  a  solid  material  where  tlte  molecules  are  not  free 
to  move  readily.  It  Is  only  in  mobile  liquids  that  surface  tension  changes 
of  form  can  occur.  The  objection  that  the  rapidity  of  the  process  is 
too  great  in  insect  wing  musck^  to  permit  of  this  explanation  may  be 
met  as  Hofmcister  met  it,  when  he  tried  his  first  experiments  in  this 
direction,  by  the  reply  that,  if  the  elements  are  small  enough,  the  imbi- 
bition can  take  place  very  rapidly.  The  velocity  is  a  function  of  the 
amount  of  surface.  Now  it  is  just  in  these  insect  muscles  that  the 
structure  of  the  muscle  has  reached  its  highest  perfection  and  the  sar- 
oofitylc  elements  are  extremely  small.  On  the  other  band,  histolo^ca] 
M8«are.h  has  not  yet  been  able  to  demonstrate  clearly  and  in  a  convincing 
manner  that  the  necessary  machinery  really  exists  in  muscle  which  is 
required  by  this  explanation. 

Anotlier  suggestion  was  made  by  Englemann,  who  laid  stress  on 
the  fact  that  double  refraction  and  contractility  go  together.  He  sug- 
gested that  the  muscle  fibrils  absorbed  water  because  of  the  heat  of  the 
combustion.  It  Lt  possible  to  make  an  artificial  muscle  by  taking  a  cat- 
got  string,  which  is  also  doubly  refracting,  passing  a  wire  about  it 
and  suspending  it  in  water  or  salt  solution.  If  a  current  is  sent  through 
the  wire  so  that  the  water  is  warmed  about  the  string,  it  at  once  takes 
up  water  and  contracts.    On  cooling  it  expands  again.    The  phenomena 
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of  tiie  contraction  resombled  id  many  particulars  that  of  muscle.  The 
difficulty  in  this  theory  in  the  minds  of  m&iiy  is  tlie  improbability  of 
the  difterences  in  temperature  within  the  muscle  in  minitto  dimensions 
being  sufficiently  great  to  aceouat  for  the  whole  process,  but  undoubt- 
edly the  heat  of  the  contraction  does  faciHtate  the  contraction.  There 
is  no  contradiction  between  this  vien-  and  that  of  imbibition  due  to  acid. 
Very  great  differences  in  temperature  within  minute  distances  may 
momentarily  occur,  since  temperature  is  only  molecular  kinetic  energy. 

It  seems  that  the  imbibition  theory  is  the  moat  probable  theory  of 
muscle  contraction  which  we  have.  It  ia  verj-  suggestive  that  tJie  myosin 
which  is  obtained  from  muscle  is  extremely  sensitive  to  very  minute 
amounts  of  acid.  Thus  one  of  the  best  solvents  of  it  is  ammonium 
chloride,  which  by  hydrolytie  dissociation  produces  small  amotuita  of 
acid.  One  reason  why  this  explanation  of  muscle  contraction  is  satis- 
factory is  that  other  living  phenomena,  such  as  those  of  secretion,  may 
be  explained  in  the  same  manner.  In  secretion  we  have  also,  probably. 
a  rhythmical  imbibition  and  synercaia  on  the  part  of  the  secreting  cell, 
only  in  this  voevs  the  cell  acta  as  a  whole  and  when  the  water  leaves  the 
protoplasmic  gel  it  leaves  it  in  a  different  direction  from  that  in  which 
it  entered  it.  There  is  thus  a  regular  pumping  of  water  tJirough  the 
cell,  Buch  as  occurs,  for  example,  in  the  ohaorption  of  water  from  the 
intestine,  or  in  the  secretion  of  liquid  from  the  salivary  and  other  glands. 
In  this  case,  too,  acid  may  be  at  the  bottom  of  the  process.  One  could 
picture  the  proeoM  of  secretion  as  follows:  Jjet  us  suppose  tbat  a  nerve 
impulse  first  impinges  on  the  base  of  the  coll  and  pa.sac8  through  it  to 
the  lumen  end.  As  it  pauM^s  down  the  cell  it  causes  on  explosive  wave 
of  oxidation  by  which  ctcid  is  set  free.  This  acid  at  once  directly,  or 
indirectly,  increases  the  affinity  of  water  on  the  part  of  the  eoU  colloids. 
The  protoplasm  at  the  base  of  the  cell  first  takes  the  water  from  the 
capillary  and  the  lymph  space  about  it.  It  swells.  The  oxidation  of 
the  acid  in  this  part  of  the  cell  causes  it  to  lose  its  aflfliiity  for  water, 
but  the  next  Rucceeding  segment  of  the  cell  is  now  acid  and  has  a  great 
affinity  for  water  so  Oiat  it  imbibes  that  whi<rli  is  lost  from  the  base.  The 
water  is  thus  handed  on  from  one  part  of  the  cell  to  the  next  until  it 
reaches  the  lumen  end  of  the  cell,  where  it  escapes  more  or  less  loade<l 
with  soluble  substances  into  the  gland  lumen. 

Not  only  are  secretion  and  muscle  contraction  shown  to  be  idenUeal 
in  principle  upon  this  hypothesis,  but  other  proce&ses,  such  as  miliary 
movement  and  even  am(pboid  movement,  can  be  explained  in  the  same 
way.  By  the  production  of  acid  at  some  point  in  the  interior  of  an 
amoaba  water  i.^  absorbed  here,  the  protoplasm  becomes  more  mobile  or 
fluid,  the  internal  or  osmotic  pressure  is  increased  and  the  firm  ectosarc 
yielding  at  some  point  it  bursts  and  the  fluid  contents  stream  in  this 
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direction.  Tliua  the  amrcba  actuaUj  appears  to  flow  tliroiigli  itaolf. 
ThcM  ftrc  facts  which  indicate  that  the  movements  are  not  due  to  sur- 
face tODsiOQ,  as  they  were  ooee  supposed  to  he,  but  that  the  bcgiuniug 
of  Uie  prooesB  is  in  tlie  iuterior.  And  if  in  a  ciUiim  eilher  in  the  baaal 
graniUe  or  along  Um  ellium  there  was  ii  rhythmic  ahsorplioii  by  one  side 
of  the  granule  or  ciliutn  its  bending  might  be  undenitood.  Th«re  18  no 
doubt  that  in  rctl  blood  t-orpusclea  the  slisrht  change  of  acidity  produced 
by  tlio  entrance  of  so  weak  an  acid  as  carbonic  acid  is  sufficient  to  causa 
the  corpuscle  to  swell.  On  losing  carbonic  acid  it  shrinks  again.  Per- 
haps the  sarcostyles  act  in  the  same  manner. 

But  while  m  many  facts  find  on  this  hypothcsit)  a  natural,  simple 
explanation,  so  far  without  serious  contradiction,  yet  experience  teaches 
us  to  be  cautious  and  the  theory  cannot  be  regarded  as  proved.  It  in 
not  proved  that  the  change  in  acidity  is  sufficient  to  amount  for  the 
change  in  imbibition.  It  is  rather  at  present  to  be  looked  upon  as  a 
aiding  hypothesis  helping  us  to  see  and  experiment.  It  must  not  be 
forgotten  that  while  acids  do  much,  enzymes  do  more.  Hydrochloric 
acid  alone  will  cause  the  swelling  and  solution  of  fibrin,  but  hydro* 
chloric  acid  plus  pepRJn  causes  a  much  more  powerful  effect.  Tt  is,  henee, 
not  improbable  or  unlikely  that  if  the  theory  prove  true  in  its  essentials, 
namely,  that  the  contraction  is  of  the  nature  of  tin  imbibition  of  liquid 
by  an  organized  protein  substance,  it  may  be  found  that  the  imbibition 
h  not  induced  directly  by  the  acid,  but  that  this  only  indirectly,  by  set- 
ting free  enzymes  which  may  cause  a  reversible  change  in  the  proteins, 
aCfecls  the  imbibition.  Or  it  might  be  that  the  organized  living  matter 
itself  may  in  some  other  way  have  its  afSnity  for  water  directly  changed. 
It  might  be,  for  example,  that  living  matter  itself  was  composed  of 
large  colloidal  aggregates,  or  biogens  which  were  really  the  irritable  sub- 
stances. These  biogens  may  be  considered  to  consist  of  protein,  oxygen, 
carbohydrate  and  possibly  lipin  material,  and  to  have  n  certain  afflnity 
for  water  with  which  they  are  in  union.  On  stimulation  it  might 
happen  that  the  oxygen  combines  with  and  bums  the  carbohydrate,  and 
by  this  process  the  biogen  itself  at  once,  by  lia  change  in  composition, 
might  acquire  a  greater  affinity  for  water  and  absorb  more  of  the  latter. 
The  biogon  molecule  at  once  reconstitutes  itself,  uniting  with  more  oxy-  ^ 
gen  and  carboliydrato,  thus  changing  to  its  former  water-holding  powec^^f 
The  irritable  eompleji  is  re-established  and  relaxation  occurs.  Accord^* 
ing  to  this  view,  the  essential  explanation  of  the  imbibition  as  the  cause 
of  the  contraction  remains  unaltered,  but  acid  no  longer  plays  the  part 
of  the  sole  or  chief  cau»e.  This  view  is  in  its  essentials  that  of  Hermann, 
who  proposed  it  many  years  ago;  the  hypothetical  substance  here  called 
a  biogen  lifing  called  by  him  **  inogen."  By  the  former  hypothesis 
the  contractile  substance  is  in  the  nature  of  o  lifeless  protein  simOar 
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to  80  many  connective  tissue  fibrils  which  absorb  and  lose  water  under 
the  iutiucnec  of  acid;  by  the  lattor  view  the  contractile  matter,  while 
etiU  colloidal  and  having  the  properties  of  colloids,  is  the  living  matter 
itaelf.  The  former  view  has  a  certain  na'i'veli  which  is  at  the  same 
time  its  charm  and  iu  weakucss,  lu  the  former  view  the  toiling  spirit 
of  life  wcaveH  liic  conlraetile  web,  rcmoiuiug  itself  outride  of  and  uuaf- 
fcctiid  hy  tlio  fate  of  the  wch;  and,  according  to  the  latter  view,  the 
web  is  it&t'lf  the  organized  living,  self-perpetuating  material  which  con- 
tracts becaaso  of  its  physical  propcrtiea.  Ignorance  does  not  permit,  as 
yet,  a  choice  between  these  divergent  views. 
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CHAPTER  XV. 

I  TUB  CONNECTIVli:,  OR  SUPPOBTING,  TISSUES.    TUK  BONES. 
CARTILAGE.    TEETH.    CONNECTIVE  TISSUE. 


The  chemistry  and  metabolism  of  Che  supporting  tissues  of  the  body 
several  points  of  geui'ral  interest.    In  plants  these  tissues  are 
^^SfafSiydratc  in  nature.    In  Uic  invcrtubrates  the  harder  ports  of  the 
supporting  tissues  an;  cliitin,  which  is  u  polymerized  acetylated  glu- 
cosatnine  and  the  composition  of  which  tiofi  already  hcen  discussed  on 
page  325.    In  the  vertebrat«ji  these  tissues  are  composed  of  an  oi^anic 
matrix  which  is  always  of  a  protein  nature  and  in  it  is  often  deposited 
more  or  less  inorganic  material  of  Uie  nature  of  pho9phataa  and  car- 
_^  bonates  of  calcium  and  uiagucsium.     The  connective  tissues  oonstst  of 
B  both  living  and  tifeli.^M.s  matter.    Theue  tisHuen  are  true  tissues  consisting 
of  cells,  but  these  cells  have  formed  a  large  amount  of  intercellular, 
_  protein,  lifeless  matter  which  is  generally  of  a  fibrous  nature  and  always 
f  tough  and  resistant  to  most  reagents.    There  are  several  kinds  of  con- 
nective tissue  proper  and  we  may  distinguish  the  ycUow  connective 
■  tissue,  which  occurs,  for  example,  in  the  ligamentum  nuchs  of  the  ox ; 
white  connective  tissue,  of  which  ttie  tendon  of  Achilles  is  a  good  exam* 
pie;  and  reticular  connective  tis-sue  found  in  lymphatic  glands  and  else- 

I  where  in  the  body.  The  yellow  etxwtio  tissue  contains  elastic,  tough, 
yellowish  fibers.  It  occurs  not  only  in  the  tendons,  but  in  the  walls 
of  the  blood  vessels,  in  the  lungs  and  elsewhere  in  the  body.  It  consists 
largely  of  a  protein  called  elastin.  The  white  fibrous  tissue  is  also  found 
generally  throughout  the  body  in  the  connective  tissues  as  well  aa  in 
the  tendons  of  muscle.  Bone  also  contains  fibers  of  white  tissue.  Bone 
_  is  indeed  connective  tis-suo  in  which  mineral  salts  have  been  deposited, 
f  The  character  of  the  cells,  and  of  course  the  character  of  the  ground- 
work in  which  the  fibers  are  embedded,  differ  in  the  various  connective 
tissues.  Cartilage  is  closely  related  to  the  white  connective  tissues.  Oar 
knowledge  of  the  composition  of  these  Btructures  is  largely  owing  to  the 

I  work  of  Qies  and  his  collaborators  in  this  country  and  to  Morucr. 
I.    Composition  of  white  connective  tissue.     Tendo  Achillis. — 
The  tendo  Achillis  consists  chiefly  of  white  connective  tissue  and  its 
composition  is  given  by  Buerger  and  Qies  as  follows: 
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CoKPoerrioK  or  Tckdo  Achuxib  of  thk  Ox. 


Conslitaenta 


ct 

Organic  matter' 

Fat  (ether-Bol.  matter) 

Albumin)  globin 

Mucoid 

Elastin 

Collagen   (gelatin) 
Extractives   and   undetermined 


3.  Composition  of  yellow  connective  tissue.  Ligamentum  nuchae. 
^The  ligamentum  nuchie  of  the  ox  consists  for  the  most  part  of  yellow 
connective  tissue  and  its  composition  was  found  by  Vandegrift  and  Gies 
to  be  as  follows : 

COllPOSITIOM  or  LlOAUBNTUM   NUCU.^  OF  THE  Ox.      IN  FeB  CeNT. 


CouBllliicnla 

FtcbIi  li 
Calf 

;aniFnt 

Oi 

Dry  |||[Hiitelit 

Ash 

Cair         Oi 

1 

Ox 

Water     

05.10 

34.90 

0.60 

57.570 

42.430 

0.470 

o.oac 

0.035 

0.130 

41.9G0 

1.120 

0.61  n 

0.526 

31.670 

7.230 

0.799 

1.00 

1.100 
O.0G2 
O.OSl 

SO     

5.64 

V6  

7.39 

....    :  0.318 

9S.10    08.900 

,  ,  ■  2.640 

1.452 

1.237 

74.641 

28.95 

34.24 

17.04C 

1.883 

By  an  inspection  of  the  foregoing  tables  it  will  be  seen  that  the 
greater  part  of  the  dry  matter  of  the  tendons  consists  of  protein  material 
and  that  the  per  cent,  of  inorganic  matter  is  low.  The  dry  matter  in 
each  case  consists  of  from  1-3  per  cent,  of  mucoid.  In  white  elastic  tissue 
85  per  cent,  of  the  dry  matter  consists  of  collagen  which  yields  gelatin 
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on  lieatiug  with  water;  m  the  yellow  elastic  tissue,  on  the  other  hand, 
there  is  ouly  boqio  17  per  uent.  of  uoUugeu  in  the  dry  inatt«r,  but 
the  greater  part  of  tiie  dry  matter,  namely  74.64  per  cent.,  consists  of 
elastin. 

Thv  cgiu position  of  tlic  mucoid  from  the  tendons  has  already  been 
dtscossed  on  page  324.  This  muooid  is  obtained  by  cuttin^c  the  tendon 
or  ligament  into  small  parts  and  then  boiling  with  half-saturated 
t.'a(OII),  and  precipitating  Lbe  mucoid  by  acidifieation  with  acetic  acid. 
This  mucoid  differs  Crooi  true  mucin  apparently  in  several  properties. 
It  does  not  form  the  very  stringy,  sticky  masses  characteristic  of  mucin; 
it  is  less  soluble  in  O.L  per  cent  UCl;  and  it  contains  about  twice  us 
much  sulphur.  The  per  cent,  of  sulphur  in  tendon  mucoid  is  about 
2.3  per  cent.,  whereas  in  submaxillary  mucin  it  is  a  little  less  than  1  per 
cent.  Moreover,  the  mucoid  of  tendon  contains  choudroitic  acid  which 
relates  it  to  the  constitution  of  cartilage.  Mucin  sad  mucoid  resemble 
each  other  in  the  fact  Lliat  both  yield  a  reduciug  sugar,  cither  glu* 
cosamine  or  galactosouiiuc,  on  liydi'ol^-sis.  Both  are  glycoproteins.  It 
would,  perhaps,  be  well  to  call  these  mucoids  chondr<tproteins,  as  Uam- 

.rstcn  docs,  to  indicate  that  they  contain  a  conjugated  choudroitic 
4*id.    This  acid  will  bo  discussed  presently. 

The  composition  of  the  gelatin,  or  collagen  from  whieb  it  is  derived, 
has  already  tieeu  given  lu  the  table  ou  page  129  and  on  page  110.  It  is 
rcmai-kable,  tirst,  for  its  powcra  of  gulatiuizatiou.  It  is  a  proleiu  which 
contains  a  very  large  amount  of  glyeocoll  and  whiuh  lacks  tyrosine  and 
tryptophane  Collagen  yields  with  t&uiiic  acid  au  insoluble  resistant 
substance,  which  docs  not  putrefy  readily,  and  this  peeuliarity  is  the 
basis  of  the  taoning  of  leather. 

Elastin  is  a  very  resistaul,  clastic  protein,  of  which  ttio  composition 
is  given  on  page  129.  It  consists  of  at  least  25  per  cent,  of  glyeocoll  and 
differs  from  coUagcu  in  the  very  much  larger  propoi-tiou  of  leucine  in 
it,  ntuncly  21.38  per  cout,  as  contrasted  with  2.1  per  cent.  The  three 
simple  amino-acids,  glycine,  alanine  and  leucine,  make  over  50  per  cent 
oi  tlLtt  molecule.  Elastin  is  easily  digested  by  pepsin.  It  contains  O.I- 
0.3  per  cent.  S,  but  none  which  is  split  off  by  albaJi. 

Elastin  is  readily  prepared  from  the  ligameatum  nuebte.  It  is  first 
tborougldy  oxtraetod  with  5  per  eent  KaCI  under  thymol  for  3-4  days 
to  remove  albuiuiuK  and  globulins,  ami  then  repeatedly  boiled  with  water 
to  convert  all  the  collugL-u  into  gelatin  and  remove  it,  so  that  the  BItratcs 
give  only  a  very  slight  turbidity  with  tannic  acid.  The  undissolved 
3Pi«due  is  thoroughly  washed  with  water,  extracted  with  alcohol  and 
Mer  and  dried  at  110'. 

Both  of  these  tissues  yielded  some  extractive  matter.  Creatine  and 
purines  were  roeognisicd  qualitatively  in  the  extractives. 
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The  general  composition  of  several  conuw;tive  tisiiiies  is  given  in  tlie 
loUowing  table  compiled  hy  Buerger  and  Qies: 


ConaUtTiMiU 


Fwb  tiwwfl 

Watw  . . . . 
Solidi  .... 
Orgutle  . .. 

Drv  tlaaue 


Tniilon 


CtiS         Ol 


Or.»l 

31.t)8 

0.01 

32.4S 

»8.12 
1.B6 


02.87 

J7.13 

30.60 

0.47 

Od.Tl 
1.29 


LlgiiUeul 


triir         Ok 


as.io 

34.00 

34.24 

0.OU 

OS.IO 
l.ttU 


97.57 

4;!.43 

41.V4 

0.47 

9»S)0 
1.10 


Vilre- 

liniuor 


98.64 
1.3S 

«.4t< 
0.S8 

35.29 
64.71 


CortBl 
csrU- 


■rllh 
rDtr*«w 


«7.B7 
52.33 

2:i:0 

U3.20 
fl.80 


kldnej 


ao.uo 

SO.OO 
£8.15 
21.IM 

i^6.30 
43.70 


4.» 
Sfi.rO 
»5.fil 

O.lll 

O.SC 
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II.  Composition  of  cartilage. — Cartilage  forms  the  internal  skele- 
Lou  of  tlie  luwesl  or  (cartilaginous  fishes  and  in  tlie  higher  farms  it  ia 
generally  laid  down  finit  and  in  laUtr  uhtuigcd  into  bony  tiitKue.  In  the 
cartilugi-H  of  the  trarhcH,  and  in  paiiiciilar  of  thr  larynx,  it  never  under- 
goes transfomistion  to  bone,  but  n-mains  cartilage  tliroiighout  lifi;.  Cur- 
tilage is  not  found  in  any  of  the  iuverti.-bralcs,  except  in  tho  ccplmlopods 
and  the  arthropo<l8.  The  cartilage  of  these  forma  is,  hovrover,  related 
to  chitin  rather  than  to  true  cartilage. 

Histology.  Cartilage  eomtista  of  colls  wkteb  are  embedded  in  a 
homogeneous,  or  slightly  BhrouK,  matrix.  This  matrix  has  in  it  somu 
blood  vessels  for  the  nourishment  of  tfie  eells  and  channels  for  the  pene- 
tration of  food  materials  lo  the  eells.  But  the  amount  of  bloml  supply 
most  be  extremely  little  and  Uie  penetration  of  the  lymph  would  appear 
to  be  very  slight.  Most  o£  the  food  materials  fiad  access  to  the  (xlls  pos- 
sibly by  soaking  through  tlio  iutercellulELr  subatimce.  This  intercellular 
aubfitanee  is  secreted  or  formed  by  the  cartilage  cells.  The  cartilage  coUs 
arise  from  the  mcaodermal  layer  in  fimhryonic  development. 

Chenxistry.  If  earlilage  is  tnit  into  small  pieces  and  hoiled  In  water 
for  a  long  time,  or,  better,  heatwl  in  water  under  pressure,  the  organic 
matrix  of  the  cartilage  slowly  dissolves  and  there  is  left  a  niHss  of  cell 
bodies  and  connective  tissue  fibers  and  blood  vc».sels.  The  cell  bodicta 
consist,  for  the  most  part,  of  coagulable  protein  so  that  fhcy  arc  resistant 
to  this  treatment.  By  a  careful  study  of  the  organic  matrix  Murner 
found  that  it  eonaistcd,  or  rather  that  it  yielded  on  decomposition,  the 
following  substances: 

1.  Chondromucoid. 

2.  Collagen. 

3.  Albuminoid. 

4.  Chondroitic  acid. 

5.  Inorganic  salts.  _ 
The  chondtximucoid  is  in  all  caaenlial  respects  like  that  isolated  by 
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Ues  aod  Biiurgvr  from  tendons  and  it  has  already  been  described. 
ChondroQiucuid  has  the  com]>uiiitiou  C.  47.30(  H,  6.42;  K,  12.58^  S.  2.-l2i 
O,  31.28.  It  contains  siitphur  both  in  an  oxidized  and  au  unoxidized 
form.  A  part  m  HpHt  off  as  Hiilpliide  whtii  boik-d  with  ulknli,  n  part  113 
Kulphati^.  ThiH  cltQiidromucoid  yields  chondroitic  acid.  It  is  a  nhito, 
acid-n^acting  substance  ioHoluble  in  water,  but  soluble  in  very  dilute 
alkali  and  precipitated  by  acetic  acid.  It  U  precipilatfd  by  irau  aluru, 
lead  acetate  and  ferric  chloride,  but  it  is  not  precipitated  by  tamiic  acid. 
It  girta  the  usual  reactions  of  the  proteins. 

3.  Chondroitic  acid,  or  cartilage  acid,  is  sometimes  called  chondroit- 
sulphuric  acid,  but  as  chondroitic  acid  is  shorter  and  was  the  name  first 
given,  it  should  be  adopted  and  the  awkward  name  of  chondroit-aulphuric 
ncid  dropped.  This  acid  has  already  been  described  in  part.  It  will 
be  recalled  that  it  splits  on  hydrolysis  into  sulphuric  acid,  a  hoxosamiuG 
(eboudroeamine) ,  acetic  acid  and  glycuronic  acid.  It  is  a  pairiHt  sul- 
phate. Some  of  it  is  opparcntly  free  iu  Uie  cartilage  or  attached  through 
bases  to  the  protein,  since  it  may  he  t-xtracted  easily  from  Iho  curtilage 
by  Momcr'H  mctliod  by  cxtraeting  with  alkali  and  removing  the  proteins 
by  neutralizing  and  prceipitaiing  the  peptone  by  tannic  acid.  The  salts 
of  chondroitic  acid  arc  nearly  ail  soluble.  The  composition  of  chondroitic 
aeid  is  not  yet  definitely  settled,  the  stDtements  in  the  literature  sttU 
being  somewhat  eoiitradiclory.  (Fraeukel,  Annal.  d.  Chem.  u.  Pkarm., 
3S1.)  It  will  be  recalled  Uiat  the  composition  of  litis  acid  is  of  consid- 
erable iutcrcst,  stNcc  the  prcscui^u  in  it  of  au  acctylatcd  hcxosamine  alliS 
it  at  once  with  chitin.  It  is  cither  idciitical  wilh,  or  very  similar  to,  tlic 
glueothionic  acid  isolated  from  tcndomnooid  by  dcvctic.  A  po&.sible 
graphic  formula  is  given  ou  page  326. 

8.    Albuminotd. 

Chondroalbuminoid  is  very  closely  sunilar  (0,  but  not  ideiitical  with, 
the  osseoolbuminoid  of  bones.  It  is  the  albuminous  substance  which 
remains  after  extraction  of  the  osteoalbuminoid  and  the  nuelcuproleius, 
and  the  prolonged  treatment  of  the  cartilage  with  hot  water.  It  is  sol- 
uble in  boiling  0.1  per  cent.  KOII  and  also  in  boiling  5  per  cent.  KOH. 
By  Ihe  former  it  is  hydrolyBcd  into  various  derived  prodncls.  This  sub- 
stance is  present  in  the  cartilage  in  very  small  amounts.  It  is  believed 
to  form  the  linitig  of  the  tubules  in  the  cartilage  and  bones.  Hy  some 
authors  it  wa.s  suppo.w<l  to  resemble  keratin,  but  it  is  more  closely  related 
to  elastin.  It  was  prepared  in  the  following  way,  according  to  Hawk 
and  Oiea: 

The  cartilaginous  portions  of  the  na-sal  septum  of  tlic  ox  were  used. 
Several  pounds  of  these  were  hashed  in  a  machine  after  rctoovnl  of  the 
outer  membranes;  the  hash  washed  in  running  water;  mucoid,  nucleo- 
proteina,  etc.,  were  extracted  by  several  treatments  with  dilute  alkali 
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after  a  preliminary  treatment  wilii  0.1-0.2  per  cent.  HCl.;  tlie  alkali 
washed  out  aud  the  residue  liydral«d  in  boiling  water  for  several  days. 
The  final  product  waa  extracted  first  with  0.1  per  cent,  sodium  earbooate 
and  then  0.5  per  cent.  UCl  in  which  it  was  insoluble.  The  albuminoiij 
remains  uodiHsolvod.  The  composition  of  this  substance  and  that 
dorivcd  from  bone,  or  oaseoalbumiaoid,  was  as  follows: 

C         H         N  S        0 

CUondrutUtiumiDoid    00.46    7.09     14.93    1.8ft    i9M 

Oueoalbumlnold    ,...     50.10     7.03     1«.17     MS    25.40 

The  greatar  proportion  of  the  organic  m&trix  of  the  cartilage  is  coll 
but  I  have  been  unable  to  find  any  quantitative  determination  of 
amount  present. 

III.  The  bones. — Tlie  bones  also  consist  of  cells  and  Intercellular 
substance,  but  as  in  cartils^  the  intercellular  substance  is  far  in  cxccs.s 
and  determines  the  character  of  the  tissue.  The  intercellular  substance 
is  formed  by  the  cellular.  It  consists  of  two  parts:  of  an  organic  baais 
of  an  albuminous  natui-e  in  which  a  great  amount  of  inorganic  matter  is 
deposited.  The  cells,  it  wilt  be  recalled,  hare  to  be  nourished  and  the 
nourishment  is  arranged  for  by  a  series  of  channels,  the  cells  being 
grouped  in  concentric  rings  about  the  blood  vessels  and  having  fine 
branching  channels  penetrating  the  bone  in  all  directions. 

The  organic  inierceUular  substance.  This  resembles  strongly  the 
organic  matris  of  cartilage.  It  consists  of  osseomucoid,  the  composition 
of  which  has  just  bueu  given ;  and  of  osaeoalbumiuoid,  which  is  present  in 
only  Ktaall  amounts,  aud  which  is  almost  identical  with  Uie  similar 
substance  in  eartiloge  and  is  supposed  to  be  the  liuing  of  the  liavcisian 
canals.  The  greater  part  of  the  organic  matter  hero  as  in  cartilage  and 
in  white  connective  tissue  is  collagen,  which  yields  gelatin  on  cooking 
with  water. 

The  hemes  arc  many  of  them  hollow  and  contoiu  marrow  in  their 
centers.  This  marrow  is  of  two  kinds,  beiug  in  part  yellow  in  color 
and  consisting  of  a  largo  proportion  of  fat;  aud  in  part  it  is  red  mar- 
row, tho  red  color  being  due  to  the  presence  of  a  large  number  of  red 
corpuscles  in  tbe  erythroblasta. 

The  composition  of  the  osseomucoid  and  some  other  mucoids  is  given 
in  the  following  table  taken  from  Cutter  and  Oies: 

C  K        N  fl  0 

Clinndromucald    (M&rner}    47.30  a42  12.58  2.42  31.S6 

Tcndamncoid  (Otitt<!n>1ra  nadQlMl   49.70  0S3  11.7S  £.33  30.83 

T«Ddoiuuc«Jd   (C'uttci  Mid  Ui«*}    47.47  6.(8  12.58  3.20  31,07 

Owcoraucoid  (Hn-wk  knd  Gio)    47.07  0.69  UPS  2.41  31.8S 

The  oompoKition  of  the  gelatin  from  bone  wn.s  found  by  Fremy  to  be 
C,  50.0  per  cent. ;  TT,  6.5  per  cent. ;  N,  17.5  per  cent. ;  0  and  S,  26.0  per 
cent.    The  following  table  is  given  by  Richards  and  Qies: 
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C  H  N  SO 

UgniieBt  Blatiti  (RiohaidA  ud  Olea)  ..     60.<«  «.71  17.ftO  0.57    S4.SS 

Tandm  gelKtiii  (Van  Nbim)    SO.ll  tM  IT.fil  0,86     25^4 

Oommpreiftl  gelatin  (CblttoDden  BBdSoUf  >     48^  &81  17.97  a7I    Sfl.U 

The  inorganic  constituents  of  bone.  Tbese  make  about  40  per  cant. 
of  the  dry  residue  of  the  bone,  60  per  oent.  beiug  organic.  In  bone  fnth- 
H  oat  tbe  marrow  the  rdations  are  just  about  reversed.  The  inorganic 
material  is  chiefly  cnleiiun  phosphate  and  carbonate,  but  there  is  A 
little  magnesium  and  there  is  also  present  a  trace  of  fluoride  and  chloride. 
The  composition  of  the  ioo^onic  materials  is  about  as  follows: 

rColciiitn  phosphate ,.,...., ....•     U% 
Mftgimim  plivenbatv .*.. ■.•...       iJS 
K            Calcium  Hugriao ...•< *..>...            .        .            .0.3 
H            Calcium  ohlorido , C.2 

H  Cftldum  cnrboaatw  * 10-0 
P  Alkali  «alt(  2 
Hoppe-Seyler  pointed  out  that  the  relation  of  Ca  to  phosphoric  acid  is 
about  the  same  as  in  apatite,  namely,  10  Ca :  GPO,.  There  are  about 
three  molecules  of  tricalctum  phosphate  to  one  molecule  calcium  car- 
bonate. The  relationships  remain  the  same,  allhough  the  bone  may  bo 
gaining  or  losing  its  inorganic  compounds. 
Practically  nothing  is  known  concerning  the  nature  of  the  processes 
by  which  the  salts  are  deposited  in  the  organic  basis  of  bono.  It  seems  not 
impossible  either  that  the  conditions  are  such  as  to  cause  the  precipi- 
tation of  this  double  phosphate  and  carbonate  here,  or  else  that  either 
I  the  phosphoric  acid  or  the  cjilcium  ia  united  by  one  Imiid  to  the 
organic  matrlT,  while  with  the  other  they  unite  with  phosphoric  acid 
or  eolejum  brought  from  the  Wood  so  aa  to  precipitate  and  so  hold  it. 
The  attempt  has  been  made  to  explain  the  deposition  on  the  basis  of 
an  adsorption,  but  Oie  relations  are  so  regular,  quantitatively,  that  it 
seems  perhaps  as  probable  that,  the  union  is  a  true  chemical  union. 
The  growth  of  the  bones  is  in  some  way  dependent  upon  the  inf*irniil 
secretion  oF  both  the  thyroids  and  the  hypophysis-  In  case  the  hypophy- 
sis is  extirpated  in  puppies,  the  bones  do  not  grow  normally,  they  remain 
in  the  state  of  youth  and  the  epiphyses  remain  open.    Normal  growth 

I  of  the  bone  is  absent  if  the  thyroids  do  not  develop  properly.  The  bonce 
are  also  closely  related  to  the  reproductive  organs.  Castration  of  young 
animnli;  npurly  always  causes  the  produelion  of  large-boned  snimals; 
and  in  osteomalaeia  of  women  it  is  not  uncommon  to  remove  the  ovaries, 
the  condition  of  the  bones  changing  at  thst  time.  Cliangcs  occur  in  the 
bones  and  teeth  in  pregnancy.  In  fact,  the  bones  arc  by  no  means  a 
fixed  tissue.  They  are  alive  with  fhcir  own  mcUihoIism  and  the  calcium 
may  be  laid  down  or  again  removed.  "We  cannot  for  laek  of  time  enter 
H  here  into  the  wnrk  which  has  br^cn  done  on  the  pathological  changca 
H      which  occur  in  bonea  and  the  attempts  which  have  been  made  to  produce 
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rickets  or  other  bone  diseases  artificially.  That  the  proper  formation 
of  both  bones  and  teeth  is  dependent  on  a  proper  supply  of  calcium  in 
the  diet  is  perhaps  self-evident.  How  largely  the  composition  of  the 
.bones  may  be  aflfected  by  a  change  in  the  amount  of  calcium  in  the  diet 
is  shown  in  the  following  figures  from  Rohlofl : 

In  growing  dogs  fed  one  on  calcium  rich,  the  other  on  calcium  poor 
food,  the  composition  of  the  shoulder  blade  was  as  follows,  the  amounts 
being  in  10  c.c.  of  bone : 

Die!  Dry  enlwtBiice  Aah  CaO         Phosphoric  ic  id 

Ca  poor.     Shoulder  blade    2.678  1.176  0.63B  0.499 

Ca  rich.  "  "        9.021  6.240  2.861  2.211 

Similar  and  more  extensive  figures  are  given  by  Aron  and  Sebauer. 
Teeth. — Teeth  are  composed  of  several  parts:  namely,  enamel,  den- 
tine and  cement.  The  cement  is  identical  with  bone  in  its  structure 
and  composition.  The  dentine  makes  the  greater  part  of  the  tooth  and 
in  its  chemical  composition  is  practically  identical  with  bone,  although 
its  structure  is  somewhat  different.  The  enamel,  however,  is  the  product 
of  an  epithelial  tissue.  It  is  the  hardest  substance  in  the  body  and  con- 
tains the  smallest  per  cent,  of  water.  It  contains  about  5  per  cent,  of 
water.  The  composition  of  the  enamel  of  human  and  calves'  teeth  is 
as  follows  (Bertz) ; 

numaii  CbIF 

Organic  substance    6.82  16.50 

CaO  60.22  44.24 

MgO    0.73  0.96 

PC     40.09  37.02 

91  per  cent,  consists,  therefore,  of  calcium  phosphate.  It  is  extraordi- 
nary to  what  widely  different  uses  this  interesting  and  common  mate- 
rial, calcium  phosphate,  is  put  in  the  body.  Here  we  find  it  called  on 
to  make  the  hardest  and  most  resistant  structure  of  the  body,  while  it 
was  but  a  short  time  ago  that  we  found  it  assisting  in  the  coagulation  of 
the  blood  and  in  activating  the  enzymes,  invertin  and  trypsinogen. 

REFERENCES.     Conneciive  Tisslem. 

1,     Oatoald:  Ueber  Myxomucin,     Zeit.  phyaiol.  Ctiem.,  02,  p.  146,  1014. 
2      Levcne:  Prpliminnry  coinmnnicntion  on  the  chemistry  of  mucin.     Jonr.  Amer. 
Chcm.  Soc.  22,  p.  80,  1900. 

3.  llaick  and  Oiea:  Chemical   sturlics  of  ossti^o mucoid,  with   (ictfrminntion  of  the 

heat  of  combuHtion  of  aome  connective  tissue  gIucoprot<'i<ls.     Amer.  Jour. 
Physiol.,  5,  p.  388,  1901. 

4.  Vandergrift  and  Oica:  The  composition  of  yellow  connective  tissur.     Amer.  Jour. 

Physiol.,  5,  p.  288,  1901. 

5.  Richards  and  Oies:  Chcmicnl  Rtndies  of  rlnstin.  nmeoid.  nini  other  profi-ids  in 

elastic  tissue,  with  some  notes  on  ligament  extractives.    Amer,  Jour.  Physiol., 
7,  p.  03,  1903. 


THE   CXJNNECnVE,   OR   BUPPOHXINQ,  TISSDE8  639 

6.  Rickarda  and  Oie»:  Methods  of  preparing  elastin,  with  some  facta  regarding 

ligBmeat  mucin.     Amer.  Jour.  Physiol.,  S,  1901,  p.  xi. 

7.  Oiea  and  Cutter:  The  composition  of  tendon  mucoid.    Amer.  Jour,  of  Phyaiol.,  6, 

p.  155,  1901. 
S.     Hawk  and  Oiea:  On  the  composition  and  chemical  properties  of  osBeoalbuminold, 
with  a  comparative  study  of  the  albuminoid  of  cartilage,     Amer.   Jour. 
Physiol.,  7,  p.  340,  1902. 

9.  Poantr  and  Oiea:  Do  the  mucoids  combine  with  other  proteinat    Amer.  Jour,  of 

Physiol.,  11,  p.  340,  1904. 

10.  Seifert  and  Oiea:  On  the  distribution  of  osseomucoid.    Amer,  Jour,  of  PhysIoL, 

10,  p.  146,  1903. 

11.  Buerger  and  Oiea:  The  chemical  constituents  of  tendinous  tissue.    Amer.  Jour, 

Physiol.,  6,  p.  219,  1901. 


CHAPTER  XVI. 

PHB  CRYPTORHETIC  TISSUES.  THE  THYROID.  PAEATEY- 
HOID.  SUPRA-RENAL.  HYPOPHYSIS.  KiiPRODUCTIVE 
GLANDS. 


The  cryptorhetic  tissues  and  organs. — Tbero  are  qaito  a  number  of 
organs  in  the  body  which  do  not  play  a  part  in  movement  and,  whn« 
they  are  more  or  less  glandular  in  nature,  they  eilher  have  no  ducta  for 
the  discharge  of  their  sccrcUons  to  the  exterior  or,  if  they  have  such 
ducU,  there  is  abundant  evidence  that  they  Form  a  hidden  secretion 
which  is  pas8c<l  back  to  Uie  blood.  Of  course  all  organs  form  such 
substances  which  come  back  to  the  blood,  but  in  the  cryptorhetic  organs 
there  ere  reasons  for  thinking  that  the  formation  of  such  substances  is 
their  main  function.  They  are  sometimes  called  glands  of  iutcmal 
secretion.  I  have  given  them  the  name  "  Cryptorhetie  organs,"  from  two 
Greek  words — kryptos,  concealed ;  and  rhoia,  flow.  They  are  the  tisaueH 
of  hidden  flowing.  Among  these  organs  the  thyroids,  parathyroids, 
ovaries  and  testes,  pancreas,  hypophysis  and  supra-rcnals  are  the  most 
important. 

THE   HYPOPHYSIS 

Among  the  organs  more  particularly  designated  as  those  of  internal 
sooretion,  the  hypophysis  is  certainly  among  Uic  most  interesting  and 
important. 

Structure. — In  human  beings  this  organ  is  about  as  large  as  a  pea, 
lying  at  the  base  of  the  brain  with  the  optic  chiasms  just  in  front 
of  it.  Tho  hypophysis  eerebri  (G.  kypo,  below)  is  also  often  designated 
as  the  pituitary  body.  It  is  conneeteJ  with  the  third  ventricle  of  the 
brain  in  the  thalamus  by  a  narrow  stalk  ealled  the  infundibulum,  which 
Is  continuous  with  the  epiOielium  lining  the  ventricles.  The  hypophysis 
proper  is  cosily  separated  into  thn^;  main  parts:  an  anterior  lobe,  com* 
poeed  of  glandular  tisaue  and  which  is  the  larger  part ;  a  posterior  lobe, 
composed  of  nerroua  tissue,  and  a  pars  intermedia,  which  roBcmhles 
the  iafondibulum  ( f).  These  different  parts  have  (inite  different  strtie- 
lures,  compositions  and  functions. 

Anteriorly,  the  hypophysis  is  closely  adherent  to  the  tuTicr  cinereum 
of  the  brain,  and  its  Reparation  frem  this  in  operations  is  a  matter  of 
great  difficulty.  This  fact  greatly  complicates  operations  on  the  hypophy- 
sis, since  any  injury  to  this  part  of  the  brain  is  Tery  serious. 
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By  mcftns  of  the  iofandibnlnm  the  organ  is  in  direct  connaction  with 
the  brain  ventricles,  its  secretioDs,  if  any,  may  be  discharged  into  tbcm, 
and  when  cut  the  ventricular  fluid  may  escape  from  it.  Tbo  bypopliysis 
ia  thus  essentially  a  <Iowngrow1h  from  the  central  nen'ous  system  toward 
the  palate. 

Situated  as  it  is  in  the  oldest  part  of  the  nervous  sj-slem,  it  is  not 
Burprising  that  this  organ,  both  pliylogenetically  and  embryologically, 
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is  found  to  be  very  old.  It  is  Eoiind  in  all  the  vertebrates  without  excep- 
tion, except  possibly  in  amphioxiis,  in  wliic!h  indeed  the  glondiila  sub- 
neuralis  is  supposed  by  some  to  be  hotuoloKons  with  it.  Evcu  in  the 
inverlebratcii  ii  sonicwhat  similar  tissne  ban  been  dcsr-ribed  in  worma, 
raolliiak.*s  and  even  in  Ecliinodemis.  although  whctlier  this  tisBue  ia 
homologous  in  nature  and  analogous  in  function  is  quite  unknown. 

Embryologieally  the  orpan  ia  derived  in  part  (posterior  lobe)  from 
the  nervous  system  by  a  dowiigrowth  of  the  floor  of  tlie  tliird  venlriole, 
and  in  part  from  tJie  alinifntary  ranal  (anterior  lobe)  by  a  proliferation 
of  cells  from  the  dorsal  side  of  the  buccal  cavity.  Tt  arises  very  early 
in  embryologif-al  history.  Prom  all  these  farts  it  is  evident  that  we  have 
to  do  with  a  very  old  organ  and  one  probably  correlated  with  the  most 
fundamental  processes  of  the  body. 

The  phylogenetic  explanation  of  this  organ  generally  accepted  is 
that  formerly  the  neural  canal  connected  at  this  point  with  the  alimen- 
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tary  canal.  A  probable  aui]  almost  tlic  only  oxpliin&tion  oi  tJiis,  UioiiKh 
an  explanation  almost  universally  rejected  by  zoologwU,  is  that  of  Gas- 
k«ll,  who  has  maintained  that  tlie  vert«brat«  alimentary  canal  ia  a  new 
structure,  and  that  the  old  iitverteltrate  f^anal  is  the  present  neural  cansl. 
The  infimdibulum,  on  this  view,  would  eorreHpond  to  the  old  inverte- 
brate ctsophagiiR,  the  ventricle  of  the  llmlamus  to  tlie  invertebrati> 
stomarh,  and  the  rnnfll  originally  connected  posteriorly  with  the  anus. 
The  untorior  lobi*  of  the  pituitary  body  could  then  corifspond  to  some 
glandular  adjunct  of  the  invertebrate  eanat,  and  the  nervous  part  to  a 
portion  of  tbe  original  circunuesophageal  nervous  ring  of  the  inverte- 
brates. 

The  hypophysis  has  always,  even  from  the  time  of  Aristotle,  attracted 
attention  and  many  guesses  were  early  made  as  to  its  nature,  some  of 
them  very  near  the  truth.  Thus  its  connection  with  the  third  ventricle 
led  Oiemcrbroeek  in  1686  to  the  conclusion  that  it  made  a  secretion 
which  was  poured  into  the  third  ventricle,  a  ^new  on  the  whole  sub- 
atanliatcd  by  modern  work;  another  view  was  thai  it  was  the  source  of 
the  cerebro-spinal  fluid;  another  that  it  secreted  the  cerebrospinal  fluid 
into  the  blood.  Engel  called  attention  in  1839  to  the  pathological  cor- 
relations between  the  hypophysis,  pineal  glaud  and  the  thyroid  aud  to 
the  oommonaoss  of  pathological  ohanges  iu  the  sexual  glands  when  these 
glands  were  diseased.  He  called  Ihu  hypoplivKis  a  Beeretiug  gland.  Tho 
American-French  phy*iioIogi.sl,  Brown-SL-ijuard,  in  1369  dcfiuilely  placed 
it  among  the  organs  of  internal  itccrction  analogou-i  lo  the  thyroid.  This 
he  did  because  of  its  stnietural  rnicmblnnrc  (presence  of  colloid)  to  the 
thyroid,  a  resemblance  now  known  to  be  physiological  as  well  oa 
anatomical. 

The  modem  view  of  the  function  of  the  pituitary  dates  mainly,  how- 
ever, from  the  work  of  Pierre  Marie  and  Marie  and  Marinesco  in  1886- 
1889.  Marie,  st.ndying  the  disease  known  »s  aeromogaly,  a  Form  of 
gigantism  of  thp  extremities  (Gr.  ttkron,  cxtrpmity ;  megas,  large),  called 
attention  to  the  invariably  pathological  idate  of  the  hj'pophysis  in  this 
dlseese  and  in  true  gigantism,  and  conchided  that  the  abnormal  hypophy- 
sia  waa  the  primary  cause  of  the  growth  changea  involved  in  acromegaly. 
A  very  large  amount  of  work  has  since  then  been  done  by  pathotogiats 
which  has  confirmed  Marie's  findings;  though  opinions  are  not  unani- 
mous whether  the  connection  bn^tween  the  glands  and  the  bones  and  other 
growing  tisaues  is  direct,  or  indirect  through  its  influence  on  the 
thyroids,  thymus  and  sexual  organs.  Pathologists  have  also  shown  that 
in  several  true  dwarfs  the  glaud  Is  rudimentary  or  almost  lacking.  The 
relation  to  the  sexual  organs  is  very  close.  Tlins  during  pregnancy  the 
hypophysis  undcrgoca  a  chai-actertstic  metamorphosis,  in  common  with 
tbe  thyrcud  and  some  other  organs. 
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The  pathological  correliition  between  the  hypophysis  and  distorh- 
unocs  of  growth,  and  in  the  sexual  organs  (dysplasia  adiposo  genUaiis) 
in  tbo  deposition  of  fat,  many  years  ago  led  to  the  inference  that  the 
hypophysis  was  concerned  in  the  regulation  of  the  grovth  and 
metabolism  of  the  body,  but  it  was  impossible  to  say  whether  it  inter- 
vened through  tlie  nervous  system,  or  directly  by  an  interna!  Mcretion. 
The  general  ronclasion  was  the  latter  and  that  it  was  the  anterior  lobe 
■which  parlicutarly  intervened  in  growth.  The  exact  function  of  the 
organ  conld  only  he  determined  by  eiperiment- 

Such  experiments  were  early  undertaken,  but.  owing  to  the  great 
difficaltiCfl  of  operating,  the  evidence  obtained  has  been,  until  very 
recently,  contradictory  and  confusing.  The  experimcDtal  difRcutties 
arise  from  the  inacccsBibility  of  the  organ;  from  the  great  diflfietilty  of 
freeing  the  gland  from  the  bmin  without  injury  to  the  tuber  cinereum 
and  surrounding  parts,  since  a  very  slight  injnry  here  may  be  fatal; 
to  the  contraction  of  scar  tissue  putting  tension  on  these  parta  which  may 
result  in  killing  the  animal  after  several  months:  in  part  to  the  danger 
of  too  great  loss  of  spinal  fluid  and  fatal  results  from  opening  the  third 
ventricle;  and  in  part  also  to  tlie  danger  of  infection.  The  resistance 
to  infection,  particularly  to  skin  iufcctions,  is  said  to  b«  somewhat  re- 
duced and  animals  not  infrequently  die  from  these  infections  or  from 
pneumonia. 

Many  of  the  symptoms  which  were  obtained  in  the  early  exporimenta 
were  undoubtedly  due  to  injury  of  the  brain,  rather  than  to  absence 
of  the  hypophysis.  In  nearly  all  of  the  early  eipcrimcnts  extirpation  of 
the  organ  was  foUowed  by  the  death  of  llie  animal  within  two  to  three 
days  or  weeks;  and  dt-ath  wuh  acitompanicd  by  pronounced  nervous  aymp'^ 
toma:  crampK,  coma,  etc.  A  few  animaU  lived  without  any  apparent 
change  for  several  months;  but  in  these  instances  it  was  impossible  to 
know  whether  the  survival  was  due  to  some  tissue  being  left  in.  Thus 
in  Vaiiale  and  Saechi's  expcriincnis  the  gland  waa  destroyed  either  by 
thermocautery  or  acid.  The  animals,  eats  or  dogs,  always  died  in  a 
few  days,  or  hours,  showing  psychic  depression,  apathy,  motor  disturb- 
ancca.  fall  in  body  temperature,  polyuria,  cramps,  polydipsia,  anorexia 
and  loss  of  weight.  Paulust^n  and  Ilorslcy  got  practically  the  same 
reBults.  These  symptoms  arc  now  known  to  be  due  to  injury  to  the 
brain  tissue,  not  to  the  bypopbyais.  On  the  other  hand,  Kreidcl  and 
Biedel  in  1898  and  Friedman  and  Mass  conclude  that  animals  ean  live 
a  loeg  time  without  an  hypophysis.  The  Ameriean  surgeon,  Cushing, 
was  one  of  the  first  to  prove  that  definite  metabolic  changes  occur  after 
the  partial  extirpation  of  the  anterior  lobe  oF  the  hypophysis  in  dogs. 
B  partieiilerly  in  young  dogs.  There  was  a  great  increase  in  fat 
H     in  the  body  everywhere,  fatty  degenerations  of  the  internal  organs. 
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and,  most  instTuctive,  in  young  animals  there  was  a  persistence 
of  the  thymus  aoJ  a  rudimentary  coDdittou  of  the  sexual  organs, 
a  persistent  infantilism.  These  results  of  Cushing's  bare  been 
conflrmocl  by  a  very  careful  recent  study  of  Asehner,  who  has  so 
perfected  the  method  that  most  of  his  animals  survive  for  long 
p«rio4ls.  His  resulls  arc  briefly  as  follows  and  they  are  illustrated  in 
Figure  58. 

Aschner  found  that  in  adult  dogs  extirpation  of  the  gland  was  not 
followed  by  any  marked  dislnrbaneca  of  health.  The  genital  glands 
showed  more  fat  than  normal  {dytspUma  adiposo  genitalia) ;  there  was 
a  decided  tendency  to  fatness;  the  vitnl  resistance  was  redoeed.  Most 
animals  died  of  pneumonia  or  biiceal  infections.  There  was  no  marlied 
atrophy  of  the  sexual  orgauB,  such  as  Cushin;^  described  in  his  dogs. 
If  the  hypophysis  was  ox-lirpated  during  pregnancy,  abortion  always  fol- 
lowed after  2-3  days.  Tlie  only  marked  change  noticed  in  metabolism 
was  a  decrease  in  the  nitrogen  cxiTreted  per  kilogram  body  weight  on 
the  third  to  fifth  day  of  fasting  as  compared  with  tht?  normal  animal, 
and  a  marked  change  in  the  rea(^ion  to  adrenaline.  The  whole  ffympa- 
thctic  nervous  sj'stcm  seemed  deprosse<l.  There  was  no  diuresis,  very 
little  glyco8(iria  and  no  mydriasis  or  other  reaction  tx)  adrenaline,  such  as 
occurs  in  normal  dogs.  This  w  illustrated  in  the  following  experiment 
which  is  taken  from  Aschner's  work.  There  was  always  a  decrease  in 
oxygen  consumed  per  hour.  Normal  dogs  of  4-5  kilos  cm  the  third  or 
fourth  fasting  day  give  o(T  0.4-0.45  gram  of  nitrogen  per  kilo  pt^r  24 
hours;  whereas  dogs  with  the  hypophysis  out  excreted  only  0.22-0.27 
gram  per  kilo,  a  reduction  of  fully  one-lhird  in  the  nitrogen  metabolism. 
The  amount  of  sugar  excreted  after  the  injection  of  2-3  c.c.  of  adrenaline 
subcutaneoasly  in  a  dog  of  4  6  kilos  on  the  third  or  fourth  hanger  day 
is  about  S  grams  per  day;  whereas  after  hypophysis  extirpation  adrena- 
line caused  only  traces  of  sugar  to  appear  in  the  nrine.  The  fallowing 
experiment  illustrates  this: 
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The  temperature  of  the  dogs  was  always  about  one  degree  lower  Uian 
the  normal.  The  lougcsL  period  the  dogs  were  kept  ulive  was  16 
mootliB. 

The  mofit  interesting  chaDfr^  were  in  young  animals.    If  the  anterior 
lobe  alone,  or  the  whole  organ,  is  extirpated  in  young  dogs  from  610 
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weeks  old,  a  remarkable  ceesation  of  growth  takes  place,  as  bIiowo  in 
Figure  58,  whioh  represents  two  dogs  from  the  same  Utter,  the  smaller 
one  having  no  hypophyBis.  The  dogs  do  not  grow  except  in  fat;  they 
keep  their  puppy  hair  and  milk  teeth,  although  a  second  set  develops  wry 
late;  the  genital  organs,  testes,  ovarieg,  nteri,  prostates,  etc.,  remain  in 
the  iuXantile  conditioo  or  in  a  condition  many  months  behind  the  normal. 
Sec  Figure  59.  The  thymus  persists  much  longer;  the  intelligence  also 
remains  subnormal.    Toward  adrenaline  tlicy  show  diminished  power  of 
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response.  If  ^he  operation  tahcs  place  after  10  wcckn  of  age,  Uie  re- 
tord&Uon  of  ^rawLlL  is  still  marked,  but  not  so  axtraordinar}-  as  irhen 
performed  ou  younger  dogs. 

It  seems,  therefore,  from  Cushing's  and  AHi,'Iii!Pr'R  pxperiiiiciits  and 
the  patJiological  evidence,  that  the  hypopliysis,  liki-  Hu-  thyroid,  is  nee- 
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essary  for  the  growtli  and  development  of  animals.  The  body  w^^ht,  tho 
development  of  the  sexual  organs,  bones,  ct«.,  may  be  ealled  secondary 
cbaractePB  of  the  anterior  lobe  of  tho  hypophysis. 

The  experiments  of  feeding  or  injecting  extracts,  or  proparaUons, 
of  tlie  anterior  lobe  of  the  gland  (Pituitrinum  glandular)  confirm  theao 
results.  Scliacfcr  has  obtained  a  slight  increase  of  growth  by  fcoding 
such  tablets  to  normal  puppies;  Magnus  Le\'y  and  Solomon  reported  an 
incrcoBOd  gas  exchange  after  taking  hypopliysis  tablets ;  Falte  found  that 
au  injection  of  the  extract  caused  an  increase  of  protein  docomposition 
and  a  greatly  increased  glycosuria  and  increase  of  other  reactions  fol- 
lowing adrenaline. 

"We  may  sum  up  the  facta  just  presented  as  follows:  In  tlie  absonoe 
of'the  anterior  lobe  in  young  animals  growtJi  is  checked,  an  increaae 
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of  fatty  depodic  occurs  and  a  penuKteut  iiifaittiliam,  such  as  infantile 
sexual  organs,  pcrHiittt^nt  riiyiiuiH,  long  retention  of  puppy  liiiir  and  milk 
teeth ;  the  (fpiphyscs  of  thfl  hones  remain  op^-n ;  then;  Ls  a  ninrked  liitninu- 
tion  in  susceplihility  tn  adrenaline;  laolt  of  hrain  dcvclopmrnt  and  intel- 
li^nce;  a  lowerod  body  temperature;  a  lowered  i-espiratoi-y  exchange; 
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a  lowered  nitrogon  decomposition  of  the  tissues.  In  adulta  there  itt  no 
marked  change,  except  an  increase  in  fat;  a  lowcriDg  of  temperature; 
lowered  nitrogen  output ;  and  lowered  scnai  tivcaess  to  adrecaline.  There 
is  also  an  iucreasc  in  the  eoHiuophtle  cMa  of  the  blood  and  a  dinuniitiou 
of  vital  reittHtance,  partieiilarly  on  the  part  of  the  akin.  Feeding  tabletH 
of  the  hypophysis  brings  about  the  reverse  change.  ThcfK  con(<lu<;iniis 
arc  supported  by  pathology.  Ilyperfnnction  of  the  Hnt<!rior  lobe  of  the 
hypophysis  is  iircompanii'd  by  giganti-siD,  true  or  acronicgalouB.  ITypo- 
function  is  accompanied  by  persistent  infantilism. 

From  these  experiments  we  may  conclude  os  probable  that  the  ante- 
rior lobe  famishes  an  internal  secretion  necessary  for  normal  (irowth 
and  metabolism  and  which  acts  much  as  the  thyroid  sets.     How  this 
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internal  secretioa  acts,  auil  whore;  whether  by  direct  acUou  on  the  tis- 
sues, or  indirccUy  by  trophic  ebangcs  oi  th«  brain,  thymus,  sexual 
organs  or  in  some  other  mouuer,  is  still  an  open  question.  Caslralion  of 
the  young  generally  leads  ii>  the  produutiou  u£  au  abnormally  large 
animal.  Castrated  auim&ls  deprived  of  tlie  hyjiophysis  axe  lew  retarded 
in  growth  than  those  deprived  of  Ihe  hypophysis  alone.  The  nature  and 
point  of  attack  of  the  Kcci'etion,  whctlier  it  goes  inio  the  blood,  lymph 
or  cerebro-apiuaJ  Huid,  arc  questions  needing  furtlicr  examination. 

The  posterior  lobe  ia  quito  distiucl  una  torn  ieally,  phylogenotically, 
embryologically  and  physiologically.  No  dialurbance  of  growth  takes 
place  whou  it  alone  is  tabeu  out.  The  sole  ehange  noted  was  one  by 
Cuahing:  ie.,  the  increaae  of  sexual  desli-e.  This,  however,  was  not 
obGerved  by  Aschner  in  any  of  las  experimeuta  and  may  possibly  have 
been  due  to  alight  injury  to  tlie  brain  purtM  iuunediatety  adjacent  to  the 
hypophysis.  Indeed,  it  must  be  again  cmpbaMized  that  these  parts  arc 
CJtti-omely  important,  injury  to  them  being  followed  by  glycosuria, 
polyuria,  and  changes  in  the  sexual  organs;  and  stimulation  of  them  by 
contraction  of  the  intestines,  bladder,  etc  The  connection  with  the 
vagus  is  very  clMe.  Experiments  by  S.  A,  Matthews  sliow  that  in  vepy 
varaful  extirpation  of  the  posterior  lobe  by  Aschner's  method  there  is 
often  an  enormous  polyuria,  or  diabetes  insipidus.  A  dog  of  4  kilos 
may  secrete  as  mtieh  as  3  litem  per  day.  This  diabetes  insipidus  is  not 
actuiiiipaiiied  by  any  lowering  of  the  sugar  tolerance,  nor  is  the  operation 
followed  or  accompanied  by  glycosuria. 

The  posterior  lobe  contains  a  substance,  pituitrine,  whiih  raisps  tho 
blood  pressure  like  adrenaline,  but  its  effect  is  not  so  transient  as  adren- 
aline, the  blood  pressure  remains  high  for  a  considerable  time;  it  may 
cause  polyuria;  an<l,  most  remarkable  of  all,  it  is  one  of  the  few  sub- 
stances which  causes  a  How  of  milk  from  the  mammaty  glands.  This 
last  observation  of  the  Ataeriean  physiologists,  Ott  and  Scott,  is  extremely 
interesting,  since  only  one  or  two  other  substances  have  such  an  action: 
namely,  the  extract  of  the  re-absorbing  uterine  wall  and  the  extract  of 
the  corpus  luteum.  If  extract  of  the  hypophj'sis  is  injected  into  a  prog- 
nant  or  parturient  cat,  a  continuous  stream  of  milk  may  often  be 
expressed  fram  tlie  lacteal  glands.  The  total  quantity  of  milk  is  not 
inereased.  The  substance  raising  the  blood  pressure  has  not  yet  been 
chemically  isolated  and  identified.  Its  prc-senee  allies  this  lolw,  per- 
haps, to  the  chromafllne  tissues  of  tlie  body.  In  other  rejects  it  acts  like 
adrenaline.  Its  preparation  should  provide  a  valuable  remedy  to  medi* 
cine.  The  presence  of  pituitrine  in  the  body  and  the  resemblance  of  its 
actions  1o  those  of  adrenaline  makes  it  always  somewhat  doubtful 
whether  surb  a  substance  in  the  blood  has  come  from  the  hypophysis  or 
the  supra-rcnaU. 


THE  CRVPTOI 


641 


I 

■ 

I 


Among  .iU  other  physiological  actions  may  be  mentioucd  its  action  on 
the  ut«riis  aaii  bladder.  It  causes  in  each  proloDgcd  tonic  coulractions. 
It  acciufl  to  act  directly  on  lunooth  muscle  ngardless  of  tho  innervation, 
in  this  respect  differing  from  adrenaline. 

The  composition  of  the  active  principle  of  the  gland,  or  pituitrine, 
in  not  }-0i  known,  ll  is  apparently  a  bwu?  and  is  precipiLaled  by  phoapho- 
tungsUc  acid  (Engeland  and  Kutscher).  The  solutions  of  tiie  active 
principle  give  a  very  Ktrong  histidintt  reat'tion  with  p-diazobf^nxene  mi\- 
phonic  acid  (Fuhner;  Aldrich).  U  would  appear  from  this  to  be  pos- 
sibly a  htsttdine  dcrivaUve  and  in  this  connection  it  is  of  interest  that 
/J-iminazolylethylamine  also  caoaes  contraction  of  the  nterus  like  pitui- 
trine.  It  is  destroj-ed  by  trypsin,  but  slowly  by  pepsin,  from  which  it 
woold  appear  to  be  a  polypeptide.  It  is  veiy  unstable  in  alkali  and 
liberat«s  a  volatile  amine.     Aldrich  obtained  a  ei^'stalline  picrntc. 

Pituitrine,  whatever  its  nature,  is  apparently  allied  in  its  action 
to  the  digitalis  group.  A  substance  of  somewhat  simitar  proi>ertic6  has 
been  found  in  the  skin  glands  of  toads.  In  the  latter  case  the  substance 
is  au  oxy cholesterol.  There  ia  also  a  pressor  substance  in  the  anterior 
lobe,  but  it  is  in  small  amounts  and  its  presence  is  luasked  by  a  depressor 
substance  which  may  be  separated  by  its  solubility  in  ethyl  alcohol. 

The  facts  that  arc  here  presented  show  that  in  its  actions  on  general 
metabolism  the  anterior  lobe  of  the  hypophysis  strongly  resembles  the 
thyroid.  Its  ai-ttou  on  metabolism  is  less  pronounced.  It  is  clear,  from 
its  relation  to  glycosuria,  Uie  chroniaffine  tissue  and  the  sexual  organs, 
that  the  hypophysis,  thyroids,  sexual  glands,  adrenals  and  thymus  arc 
a  closely  related  series  of  organs  which  mutually  influence  each  other's 
growth.  The  attempt  has  been  made  to  bring  these  into  a  general 
scheme  among  themselves  by  Eppinger,  Falta  and  Budiuger  and  later 
by  Aschner.    Such  a  scheme  is  that  below. 

Thyroid.     Mypopli^ftU 


nuienmii,  ovaries,]MrBthfn>I(U 


Ch.r«inalBiie  >;steRi 


Inhibition 


Thus  the  tliyroid  and  hypophyKui  stimulate  the  chromaffine  tissue,  the 
latter  inhibits  the  panoreas,  ovaries  and  parathyroids;  the  latter  inhibit, 
or  are  inhibited  by,  the  thyroid-s  and  hypophysis.  Such  a  scheme, 
while  useful,  is  too  restricted.  It  must  be  remembered  that  the  mela- 
ht^ic  co-ordination  or  correlation  of  the  body  embraces  every  organ  in  it. 
The  body  is  an  organic  whole  and  these  so-called  cryptorhetic  organs, 
organs  of  internal  secretion,  are  not  unique,  bat  the  bones,  muscles, 
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skin,  brain  and  overy  part  of  the  body  are  (urnishiag  internal  soorotiona 
necessary  to  the  ilevdloiimeut  and  profiur  funcliouiug  of  all  the  other 
organN  of  tlie  body.  Sueli  a  scheme,  to  be  complete,  must  eml>raue  every 
organ  •  ouly  the  banmt  beginning  ha^  been  made  in  this  study  ko  im- 
portant, so  m-ceKsary  for  IJil-  iindcnitunilinf;  of  drvtdopinont  and  inhcri- 
tanoe.  Prubluma  of  dorolupmcnt  und  iDhcnliinix  cannot  br  Holvod  until 
tlic&e  physiological  qucfitioos  an  answered. 

The  following  table  exprcGscs  the  action  of  some  of  these  organs  i 


Hiyioid 
Hrpopliyala 

ChronMifiliie  syktrtn 
Orarlea,  Testes. 


llypyplij-BiB 
P«riithvr<ii(l«. 


Oil  pi'Otvin  inctnbuli«DL 


On  calcium  rvt^mtlon: 


iBhlWUPt 

Parathyroitta 


Inhibit 
Scxiul  gin  nil" 


The  internal  Hi'i-rvtionH  appear  to  the  author  to  coiutitul«  strong 
■•vidvQce  agaiiiKt  the  exiHtcjice  of  siii^h  thiugo  as  unit  cbaractora  and 
inheritance  by  niiuuis  of  struclurtil  units  in  tlin  gi^rm,  which  i-epresent 
different  cJiaractcrs.  \Vr  n-c  in  the  iiittirnal  sei^rctions  that,  every  char- 
acter in  tl)u  bo<]y  involves  a  Inrgi;  niinihcr  of  factors.  Tho  shape  and 
size  of  the  body;  the  coarucaess  of  the  hair;  the  persistoncc  of  thej 
teeth ;  1«mliincy  lowaril  fatness,  may  easily  depend  on  the  liypophyaii 
on  tlic  thyroid  and  llio  Hoxnal  organs;  and  theso,  in  their  tui-n,  are 
the  expri!KKion  of  olhur  influonces  played  upon  them  by  their  surround- 
ings and  their  own  i-Qiustilution.  An  accurate  iixamination  shows  the 
nntruBtworthincHH  of  any  anch  simple  or  nni'vc  view  as  that  of  iinit 
characters. 

REPERENCB^S.    BTPOFnrsis. 


1. 


•S. 


S. 


a. 


a. 


Awhnmr:  Ucber  di«  Funktion  d»r  Hypojilijiiit.     Full  bililiognipht'.     Archiv  f.  d. 

gf*.   P)iy<Ml.,  140,  i>.    I  1S6,    ISIS. 
Cuthinff:  H>'|H>|i1iv.Hin  o^rrliri.     •lane.  Aiuer.  Hed.  Ajbd.,  G^,  pp.  249-SSS,  ItHM. 

Jolina  Hopkin§  Ifcwpitnl  Bull,,  1009.  p.  lOS. 
Botti  el   Bolottiii:  Sur    lui  oia  d'o^niiaiD  du  sfsUnic  lijpoph}ru.!rc  nooCH^n 

avM   li7pa|>liyiMi   vi^ri^lir«li!    Uile^n   tt   glgan Liwmr   uoruini?gali<)ue,    arcs    In- 

tuitilinnc  fcxurl.    Architvs  lUil.  de  BSol.,  57,  p.  22,  101£. 
Mithtr  and  L*wSi:  1'lie  effect  on  blood  pmniiv  of  «(trnct»  mndc  frnm  the  raiifl 

•natonitml   mni|)onviitii  «f  the  hypophfsi*.     XnuumcUnn*  Cliioiga  Pat 

loglciil  Soc.,  9,  pp.  1.13-134.  l»ll. 
WelU:  Prrauncg  of  iodiiin  in  Iiuhiah  pituitary  slauds.    Jour.  Blol.  Chem.,  7, 

1910.  pp.  SQO  201. 
jIMHitJIi.-  Oil  fMHling  7oung  pupa  the  anterioT  lobe  of  the  pidiitarj-  jTmiil.    Atnrr. 

Jwiir.  riiyiiii>1.,  30,  p.  3S2,  1SI2. 
Setuiefer:  Prob  'Kay.  Soc,  SI,  p.  442,  IfiOO. 


■nre  mypTOwnRTic  tissues 

8.  Bngeland  and  ITtilwKtr.-  t'«ber  einlgo  phyalologisch?  widitlgc  flutttUnon 
A.  Uia  pby«iologitieli  virk^aniro  tixtntkUrstoffo  Jcr  IljpoplijBe.  Zeit.  1. 
Bivl..   67.   p.    5:!T.    Iflll. 

0.  Oft  umd  Hcotl:  The  action  o(  udIiuhI  ciLtnicU  on  Uic  McruUon  of  the  mntninarf 
gInn<L     TlirnpGUtic  <lax.,  3S,  pp.  «99  Ml,  1911. 

10.  Soharfrr:  On  t)i>:  rlFnrt  of  pittiitnry  nnd  corpiiH  Intpum  ntmcts  on  tlie  miiin- 

Miiiry  glnri'l    in    llir    ImniBii   ■ukject.     Qunrkily    Jour.    Kspt.    I'lijMoI.i   fl, 
pp.   17-Ift,   1913. 

11.  Sehatftr  ai»4  Herring:  Aetion  o(  pitiitUty  extrarta  iip*o  Uie  kidney.     Phil. 

Trnue.  Roy.  Sue,  100,  H,  pp.  12l>,  1»«». 

12.  ffammond.'  Thii  rlTvul  u(  Lhp  pitulLar}*  citiuct  mi  Uip  MCri4ioji  of  milk.    QuU* 

tvrly  Jour.  Expt.  Phvaiol.,  S,  pp.  311-339,  1D13. 

13.  OHgsmheim :  Prot>!liio(^Dc  nniine.     Pi>pta.nilne:  01^^-1- p«xjplietiylethjrlunliie, 

etc.,  Uiflfhoni.  y.tnahr.,  51,  pp.  3AII-3HT.    If>l3. 

14.  Piihnrr:  Phiirniiikoluj^inchr  I'litrrHiichtiiigrti  (IIht  iJic  wirkMinc  Dcntandtcilc  der 

Hypojihysu.     Zt-lU.  f.  it.  g«^9,  expL  Mediziii.  I,  pp.  3ttT'4-13,  IIJI3. 
19.    Fuhncr:  l>aa  rituitrin  unil  seinv  wirkaama  BvatttudtoUc    MOdcIi.  mtd.  Wodiea-. 
iwhr..  M.  pp.  S25-S5a.  1012. 

16.  Date  aniJ  haidlaae:  A  m«tlind  o(  itandAidinIng  pituitary  cxtriict«.    Jour.  Phuno. 

aiKl   fxpt.  ■Hii-r.,  4.  pp.  76-05.   1912. 

17.  Bargcr:  The  limplcr  natural  baa«a.     Aetiv«  prinaipl«  of  th«  pituitary  bodj. 

p.  lUij.     Monogrn|iIiit  of  Uiochcaiifttry,  Longiiinns,  Ortcn  and  Co,,  1014. 

15.  Kbila:   KiijHTiinviiU'lIi'  Stii<lii-n   ii.  lUo  Muiulru(!kiiti'i(rc-ii(!i!  Wirkiiii({  i1<im  Pitul- 

triue.     Arcli.    f.   vapt    Pnlliol.    u.    Pbuim.,   U.   p.  348,    1Q12. 
10.     Hchacfer:  bl«  t'unktioneii  des  OehiiiiaRhaiigL'S.    Zent.  Phyaiol.,  IS,  p.  427.  Idll. 
SO.     namburgcr :  'nn>  actiin  of  cxtrnc.U  of  the  anUrior  loba  of  the  pituitary  gland 

upon  tlic  lilood  prisuiurr.     Atn>?r.  Jimr.  I'hytiul.,  ill,  p.  178,  lOIl. 
21.     yanlttM^:  Ueber  VVirkungni  den  Pjtuitrin  auf  KivUlaut  u.  Atmung.  Architf  f.  d. 

gM.  Phytiol.,  U7,  p.  68,  1912. 
laimjuoH  ami  Uitl:  KfTecU  of  rapfaUd  injpctiona  of  •pituitrin«  on  milk  accretton. 

Amor.  .four.  Pliyaiol.,  36,  p.  3(7,  1015. 
23.     Ww4  and  Ouahiujj:  EtTi'ds  of  pituitary  cstraet  upon  accretion  o(  fcrebro- 

apinal  lluid.     Ami-r.  Joiir.  Pliyaiol.,  38,  p,  77,  IBIS. 

PARATHYROIDS 

Tlie  pornthyroidB,  or  epithelial  bodies,  as  they  have  been  very  badly 
uamed  by  the  Germans,  are  some  small,  pale,  glandular  mtissos  citJher 
embeililed  in  the  Ihyroiils,  or  lying  cloao  to  them  or  attached  to  the 
thymus  gland.  There  are  in  many  eases  Coiir  of  tJiwo  bodies,  two  within 
the  thyroid  oalled  the  inttriiiil  para  thy  roi  (In,  and  two  without,  or  exter- 
nal parathyroids;  but  particularly  in  lii)rl)ivoru  there  are  often  aeeesaory 
parathyroids. 

For  a  long  time  these  bodies  were  eonfiiflcd  with  tlic  thyroids  and 
regtilts  of  their  extirpation  were  attributed  to  Iho  thyroids.  Their  rela- 
tion to  the  thyroid  is  not  yet  clear,  but  it  is  certain  ihat  the  tetany 
and  death  after  9-10  days  orijfinally  ascribed  to  IhyroidGCtomy  are  in 
reality  due  to  the  extirpation  of  ihe  para  thyroids. 

Ctanplete  extirpation  of  the  parathyroids  is  generally  followed  by  a 
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remarkable  set  of  symptcnis.  Morel  has  described  these  very  wetl; 
A  dog  2-3  years  of  age  which  haa  undergone  parathyroidectomy  at  first 
prc&ODts  no  appreciable  symptoms.  The  s^nuptoms  begin  ou  the  second 
day.  The  animal  then  becomes  sad  and  restless;  it  moans  and  moves 
about.  It  eats  uo  more,  but  drinks  abundantly.  From  the  sevond  to  the 
third  day  it  neems  stiff  in  its  movements;  a  fleeting  twitching  of  its 
musultjs  analogous  to  that  of  a  horse  bitten  by  a  fly  may  be  observed. 
There  is  fibrillary  twitching  of  tlie  tongue.  On  the  4th  day  it  is  worse. 
The  animal  makes  a  miserable  appearance.  It  retires  to  a  dark  corner; 
it  seems  to  suffer  much  and  cries  oat  at  the  least  touch.  StifTness  or 
rigor  increases  so  as  to  interfci-e  with  its  movements;  the  tremblings 
become  general,  more  ample  and  less  discontinaous.  Convolsious  tbri>w 
the  dog  on  the  floor,  vrith  feet  in  extensor  tetanus  and  head  bent  back ; 
at  times  disordered  movemcnls  come  on,  the  feet  beatiog  the  air  and  the 
face  grimacing.  At  the  same  time  respiration  is  quickened,  the  heart 
accelerated  and  the  temperature  increases.  The  attack  is  prolonged 
several  minutes;  then  the  dog  comes  to  itself,  gets  on  ita  feet  and  stag- 
gers about.  The  attack  reappears  after  some  hours,  either  spoulaueously 
or  under  some  stimulus  such  as  a  light,  touch  or  noise.  The  attacks 
increase  in  number  and  iutenaity  and  tend  to  become  continuous.  Kc- 
fufiiug  all  food,  or  vomiting  the  little  it  has  taken,  the  animal  rapidly 
becomes  cachexic  and  gives  out  a  putrid  odor.  Toward  tlie  8th  day  it 
enters  ou  Um  terminal  phase  of  the  malady,  the  convulsive  seizures 
are  repeated,  but  their  violence  diminished.  Tbin  and  witboat 
strengtii,  tlie  dog  tics  on  one  side.  He  asphyxiates  little  by  little 
and  the  temperature  fulls.  The  rcspiratious  become  few,  deep  and 
irregular.  Then  tho  animal  dies.  Death  comes  ou  the  9tli  or  10th 
day. 

But  while  death  generally  follows,  certain  coses  have  been  described  in 
cats  and  other  animals,  in  which  recovery  took  place  and  no  symptoms 
followed  paralhyroideetomy ;  and  on  autopsy  no  accessory  parathyroids 
could  be  found.  Such  eases  are  most  vommon  in  eats.  Whether  they 
are  to  be  explained  by  undiwovered  accessory  paratliyroids,  by  the 
getting  into  function  of  some  other  orguu  usually  working  with  the 
thyroids,  for  example  Ihc  hypophysis,  or  whetlier  there  is  spontancons 
cure  by  immunity,  connot  he  positively  stated. 

The  tetany  can  be  entirely  done  away  with  or  greatly  reduced  by 
the  giving  of  sodium  bicarbonate  or  alkalies,  or  by  bone  injurj*.  or  by 
grafting  parathyroid  into  a  bone,  or  by  calcium  salts,  but  the  length  of 
life  is  little  if  at  all  prolougcd  thereby,  provided  all  tlie  parathyroids 
have  been  taken  out.  If,  however,  a  sraall  amount  has  remained  in,  but 
not  enough  to  keep  tlie  animal  alive  and  free  from  tetany,  then  the 
injection  of  calcium  salts  is  said  to  permanently  save  the  animals.     It 
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appears  that  the  tetany  Is  not  the  caus«  of  death,  bat  an  indirect  result 
of  some  profound  change  underlying  it. 

With  Ihe  parathyroids,  as  with  all  other  organs  of  internal  aecretirai, 
wo  have  to  aak  the  question  whether  they  are  acting  by  an  internal  aeen- 
lion,  or  by  a  process  of  detoxication.  Of  counsc  both  proceaaee  may 
coexist.  In  this  cade  there  is  no  doubt  that  the  tetany  is  duo  to  a 
poison  of  some  kind  circnlatiDg  in  the  blood  of  the  parathyroideetomired 
animals.  It  has  been  shown  that  bleeding  and  the  injection  of  frerii 
blood  or  salt  solDtion  relieve  the  tetany.  Furthermore  the  injection  of 
the  aeruni  of  animals  in  tetany  may  produee  similar  symptoma  in  other 
animals.  The  suggestion  has  been  offered  by  some  that  the  normal  fanc- 
tion  of  the  gland  is  to  remove  thia  substance  from  the  blood.  Such  a 
coueluaion,  however,  ia  not  justifiwl.  It  raay  vory  canily  be  that  this 
poieou  is  not  normally  found  in  the  body  when  the  parathyroids  are 
■there.  It  may  be  formed  as  the  result  of  their  faltioe  out  of  function. 
Methyl  guanidino,  a  poison,  has  been  iwdated  from  the  urine  of  dogs 
dead  of  tetany. 

I  The  symptoms  of  this  tetany  are  similar  to  those  which  BOmetimes 
follow  an  Eck  fiatnla  when  a  dog  i.s  fed  on  meat.  A  bread  and  milk 
diet  relieves  them ;  meat  predisposes  to  them.  Substances  appear  to  be 
formed  in  the  digestive  tract,  cither  as  the  result  of  bacterial  decompoei- 
tion  of  meat  or  of  digestion,  or  to  pre  exist  in  the  meat,  which  produce 
tetany  and  which  the  liver  ordinarily  removes.  Similar  acting  sab- 
H'Staneesof  unknown  nature  and  unknown  ori^n  appear  alito  during  para- 
thyropriva  nnd  it  ha**  nceordingly  been  suggested  by  More!  that  the 
parathyroids  are  ne(^iw.sar\-  for  the  liver  to  function  normally;  in  their 
absence  the  liver  is  no  longer  able  to  detoxieatc  the  body.  Olhers  have 
attempted  to  show  that  Ihe  liver  has  lost  the  power  of  holdinjr  bnrk 
ammonia  and  that  the  tetany  is  sn  ammonia  tetany,  but  their  methods 
have  generally  been  too  inexact  and  their  conclusions  accordingly  not 
dependable.  It  is  not  sure,  also,  whether  the  Bubatances  causing  tb<> 
tetany  are  the  cause  of  death  or  an  indirect  remit  of  the  morbiA' 
process.  It  has  aljto  been  suggested  that  an  acidosis  follows  parathyro- 
priva.  Among  the  other  Biiggi*stioTiR  made,  again  badly  founded,  was 
that  in  parathjTopriva  there  was  a  hypersecretion  of  calcium  and  tetany 
as  the  result  of  this.  This,  however,  is  not  the  case,  althonirh  there  is 
no  doubt  that  by  calcium  salta,  as  by  several  other  ways.  Ihe  tetany  may 
be  prevented.  The  way  in  which  the  parathyroids  act  it.  therefore,  atill 
obficurc.  It  is  certain  that  there  are  aeriona  disturbances  of  ^gestion. 
One  very  intorcjrting  result  of  parathyropriva  Is  the  action  on  the 
dentine  of  the  t^'ctli  nnd  on  the  bones.    Neither  bones  nor  tepth  calcify 

[properly,  go  that  in  rats  conditions  analogous  to  rachitis  and  <«t«o- 

Inalacia  are  produced. 
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THYROIDS 

The  thyroid  gland  is  a  small,  highly  vascular,  diictleas  gland,  lying 
in  the  neck  rtose  to  the  larynx.  It  gets  its  name  from  the  large  carti- 
lage of  the  larynx,  the  th>Toid,  or  thyreoid  cartilage,  so  called  from 
its  shield-like  shape.  (Or.  thyreos.  shield.)  In  most  of  tha  higlicr 
vertebrates  the  gland  is  composed  of  three  parts,  two  lobes  lying 
cloae  to  the  larjTis  one  on  each  side  and  a  little  to  the  front  of  the 
trachea,  and  an  isthmns  of  connecting  glandular  tissue  which  extenda 
across  the  trachea  in  front.  The  org«n  is  iargi-st  relative  to  the  body 
weight  in  the  mamraalia  and  smallest  in  the  fishes.  The  gland  in  fotind 
in  all  classes  of  vertebrates,  but  in  the  dshes  and  cyclostomes  it  u  rep< 
resented  only  hy  some  small  dilTiisc  prlandular  patches  little  larger  1haii 
the  heads  of  pins,  whic-h  e:Ltend  along  tlic  aorta  on  the  ventral  side  and 
oat  a  little  way  along  each  gilt  arch.  The  gland  is  larger  and  fairly 
compact  in  amphibia  and  reptiles,  hut  still  small.  The  histological 
atnieture  in  oil  forms  from  the  fishes  up  is  the  same  and  qnite  character- 
istic.  In  amphioxus,  one  of  the  lowest  of  the  vertebrates,  tbc  gland  is 
said  to  he  represented  by  the  neuriil  groove,  bnt  there  is  some  doubt 
about  this  homology.  The  only  organ  of  the  invertebrate  which  has  been 
bomologized  with  it  Is  a  gland  of  scorpions  and  arachnids.  This  gland 
has  a  structure  very  similar  to  that  of  the  thyroid  of  the  cyclostomes 
(Gaskell).  It  la  interesting  to  notice  that  if  this  homology  is  correct, 
and  few  if  any  zoologists  would  admit  its  correctness,  the  vertebrftto 
thyroid  represents  an  accessory  sexual  organ  of  the  invertebrate.  This 
is  of  interest  on  account  of  the  close  connoetion  physiologically  between 
the  sexual  organs  and  the  thyroids  of  vertebrates  of  which  we  riiall 
presently  speak. 

The  thyroid  is  a  very  vasailar  gland.  Relative  to  its  weight  a  very 
large  amount  of  blood  passes  througli  it.  and  in  goiter  this  vasoutari^ 
becomes  atill  g^reater  and  the  carotid  arteries  supplying  the  gland  are 
generally  enlarged,  sometimes  to  double  their  normal  size.  So  great  is 
tho  blood  supply  that  dilation  of  the  arterioles  of  this  gland  alone  may 
lower  the  general  blood  pressure  many  millimeters  of  mercury. 

The  norvo  supply  of  the  thjToid  is  from  the  superior  and  inferior 
laryngeal  nerves.  These  nerves  carry  vasomotor  and  probably  aiferent 
and  secretory  fibers  for  the  gland. 

The  thyroid  is.  therefore,  preeminently  a  vertebrate  gland.  It  haa 
developed  aide  by  side  witli  tlie  vertebrate  characteriaties  of  a  dry, 
hairj-  skin  instead  of  a  moist,  mucus-boarinc  or  chitinous  skin;  with  ft 
great  development  of  the  brain  and  intelligence;  with  an  internal  bony 
skeleton  and  a  large  skull.  It  may  almost  be  called  the  vertebrate  gland 
por  excellence,  for  os  we  shftll  presently  see  it  is  intimately  eonnccted 
with  these  three  fundamental  vertebrate  characteristics.    Indeed,  it  ftp< 
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poars  to  be  related  in  a  causal  nay  with  these  organs,  so  that  these  typi- 
cally vertebrate  diaractcrs  mighl  almost  be  called  secondary  Uiyroid 
characters,  just  aa  the  horns  of  <-att1e  may  be  secondary  sexual  char- 
acters. Injury  to  the  Uiyroid,  purticularly  iu  growing  animals,  is  asso- 
ciated with  pmfouud  rutrogrctjsivc  changes  or  cessation  of  development 
in  skin,  internal  Rkclcton  luir]  nervous  system. 

Embryology.     The  thyroid  Riand,  although  ductless  in  its  adult  stAle, 
arises  as  an  outgrowth  of  the  %'cntral  side  of  the  embryouie  cesophogns. 
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1>*I4I.  m. — iipctton  t>f  ilie  iKirmol  Hijrrald  of  ■  rul  (Vlnmni  nnd  Jaly).  nolo  th*  low 
tlltlMJIani  with  IKe  colloid  malfrlkl  In   the  c«u(«r  ot   the  ttlv»o1aa. 

It  is  hcnt'c  liypoblastic  in  origin.  Auother  suoh  outgrowth  is  the  lungs. 
It  corresponds  on  (lie  ventral  side  to  Uic  anterior  lobe  of  tJie  liypopliysia, 
which  growH  out  of  the  dorsal  fude,  and  there  is  some  connection  and 
similarity  between  the  fimctions  of  these  two  organs.  Very  soon,  how- 
ever, cuiincL-tion  of  tlic  thyroid  with  the  cesophaguH  is  lost;  the  gland  is 
eocapiiii luted  with  connective  li^uc  aiid  has  no  duct  for  the  discharge  of 
ilH  Hci-rvtion. 

liittolQgy.  Uistologically  the  gland  consist!;  of  closed  alveoli  eon- 
taining  a  single  layer  of  epithelial  cells  and  with  the  center  of  the  alveolus 
(Figure  60),  consisting  of  colloid  moterial,  which  stains  strongly  iu 
eosin.  Tliis  colloid  is  believed  to  be  the  aclive  prini:iple  of  the  gland.  A 
similar  colloid  is  found  in  the  hypophysis  formed  by  the  pars  intermedia 
and  discharged  into  the  Uiirtl  ventricle  of  (he  brain  by  means  of  the 
iufundibulum.  How  tlic  i:olloid  escapes  from  the  thyroid,  whether  it 
goes  into  the  lymph  or  into  the  blood,  or  whether  it  is  dissolved  by  noidc 
ferment  which  splits  it  into  a  soluble  substance,  osmosable  and  passing 
into  the  btood.  is  still  unknown.  It  is,  perhaps,  most  likely  that  sueh  an 
enzyme  exists  in  tlic  gland  and  the  colloid  does  not,  as  auoh,  find  its 
axit  from  the  gland. 

Functian.  The  function  of  this  gland  was  until  recently  obscure  arid 
even  now  not  all  tlie  details  of  its  action  are  Imown.  The  glaud  was 
classed  as  an  organ  of  intcniul  sci-rction  by  the  great  pliysiologist. 
Brown-Sfiquarcl.     KnowlwJgc  of  its   function  was  derived  first  from 
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pathology  and  thcu  from  surgery.  It  was  found  by  surgeooR  Uiat  extir- 
pation of  tlie  glaud  was  followed  by  very  grave  symptoms  in  human 
beings;  and  the  patliologista  obsen-cd  its  connection  with  cerlain  peculiar 
changes  in  the  .sldn  and  skeleton. 

(a.)  Crsiiniim.  If  tho  gland  fails  to  develop  or  atrophies  or  de- 
velops insufficiently  in  embryonic  life,  a  cretin  is  the  result.  Growth 
is  retarded,  and  a  dwarf  is  produced,  with  a  protuberant  abdomen,  low 
intelligence,  or  imbeeitity;  the  hair  in  coarse  and  scanty;  the  skin  thick 
and  dry  with  mucin  in  it.  These  cretins,  or  dwarfs,  are  found  gnnerally 
in  re^ons  where  goiter  ia  endemic,  aa  in  Swit-zerland  and  Styria.  If, 
while  very  young,  they  are  given  sheep's  tJiyroids,  or  extracts  of  th>Toid8, 
growth  begins  again  and  the  abnormal  symptoms  more  or  less  completely 
disappear.  The  tl)>'roid8  must  be  taken  constantly,  however,  or  myxcc- 
dematoiis  sjinplonia  recur.  It  is  Uien  clear  Uiat  arrested  mental  and 
physical  development  is  a  result  of  thyroid  inauificiency.  The  proper 
tIevelnpTnent  of  the  brain  and  skull  and  various  other  structures  of  the 
body  depend  upon  the  secretions  of  this  gland. 

(b.)  .Vyxirdcma.  Extirpation  or  atrophy  of  the  gland  in  adults  is 
followed  by  the  symptoms  of  myxedema,  so  called  from  the  deposit 
of  mucin-yielding  material  in  the  thickened  skin.  (Gr.  myjs,  mucin ; 
oidemat  swelling.)  The  skin  becomes  thick,  dry,  the  connective  tissue 
ia  increased  ami  yields  mucin  when  extracted  with  alkali.  The  hair 
becomes  acmily  and  coarse;  there  is  a  marked  falling  off  of  the  sexual 
function;  intellectual  apathy  and  disinclination  to  exertion  of  any  kind 
resiilt.  A  general  obesity  may  also  develop.  The  body  temperature  faila 
•twut  1°  below  nonnal  and  tho  oxygen  consumption  and  nitrogen  metab- 
olism are  rvdueed.  (Compare  with  results  of  extirpating  antei-ior  lobo 
of  hypophysis.) 

(c)  Basedow's  disease.  On  the  other  hand,  if  the  thyroid  is  too 
active,  cxoiihthalmie  goiter,  so  called  from  the  protuberance  of  the  eyes 
which  commonly  occurs,  or  Basedow's  disease,  results.  In  tJiis  cose  the 
symptoms  arc  generally  just  the  reverse  of  those  ia  thyrcopriva,  or 
diminished  function.  The  heart  is  very  fast  and  often  irregular  (tachy- 
cardia) ;  instead  of  a  low  temperature  the  temperature  is  high,  one  or 
two  degrees  above  the  normal;  there  is  great  nervous  irritability  in  place 
of  uorvouii  sluggishness;  nitrogen  metaliolism  »nd  oxygen  consumption 
are  increased,  instead  of  diminished;  and  patients  are  thin  instead  of 
fat.  Moreover,  Uie  symptoniit  arc  uioclioratcd  by  reducing  the  activity 
of  the  gland  by  tying  some  of  its  arteries  or  partial  extirpation.  Tbc 
gland  may  or  may  not  be  larger  than  the  normal,  although  it  is  generally 
somewhat  enlarged,  hut  it  ia  generally  found  to  contain  but  little  ooHoid 
and  more  of  tlie  secretorj'  epithelium. 

From  this  pathological  evidence  it  is  clear  that  this  small  organ  is 
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onormotisl;  imporUuit  in  Uie  proi>er  development  of  bone,  teeth,  skull, 
brain  and  skin  of  th«  body ;  tbat  lis  absence  is  attended  by  retrogreauve 
changes  in  these  tissues  and  organs ;  and  that  when  it  overf onotioos  it 
stimulates  metabolism  and  nervous  activity.  The  gland  obviously  has 
a  very  close  relation  to  the  nervous  and  the  vascular  systems  throughout 
the  vertebrate  phylum. 

(d.)  Extirpation  of  the  gland  in  onimalg.  The  results  of  extirpa- 
tion of  the  glaud  differ  lu  difTcrcut  animals.  This  is  owing  to  the  fact 
that  the  thyroid  containti  oft^n  in  it  the  parathyroids,  for  example  iu 
t\oes  and  cats;  whereas  in  rabbits  and  the  hfirluvora  generally  there 
arc  external  parathyroids  lying  outside  of  the  thyroids.  The  results  of 
taking  out  the  parathyroids  are  very  different  from  those  of  taking  out 
the  thyroids  alone.  Stuc-e,  in  the  beginning,  the  importance  of  the 
parathyroids  wa^i  not  recognized,  many  apparent  contradictious  resulted 
iii  tlie  effects  of  the  operation.  Here  only  the  effects  of  taking  out  the 
thyroids  proper  will  he  considered. 

Jf  the  thyroids  alone  are  taken  out,  or  if  the  thyroids  and  internal 
parathyroids  only  arc  extirpated,  leaving  the  external  parathyroids 
intact,  no  very  obvious  symptoms  follow  at  once.  But  in  adults  dis- 
turbances in  metabolism  shortly  begin  to  appear  and  the  symptoms  of 
myxoxlema  develop.  The  animals  live  for  months  or  years  (dogs,  cats, 
rabbits).  The  hair  falls  ant.  Thity  sre  apt  to  beeome  mangy;  tlieir 
nitrogen  inetabnli<sni  diminish<%  ;  thny  do  not  so  easily  develop  adrenaline 
glycoemriR  when  adrenaline  is  injected;  the  excitability  of  the  vagus, 
dcpres.sor  and  other  nerves  is  diminished;  animals  become  apathetic  and 
lend  toward  obesity,  somewhat  as  they  do  after  extirpation  of  the 
hypophysis.  Their  sexual  life  is  also  less  intense.  If  the  parathyroids 
are  also  removed  tetany  and  death  in  0-10  days  nearly  always  results. 

In  yonng  niiimals  the  consequences  of  extirpation  of  the  thyroids 
are  far  more  serions.  Growth  is  checked:  myxopdematous  symptoms  de- 
velop and  intelligence  remains  very  low. 

(e.)  RfTrct  of  extirpation  on  the  excitabitiiy  of  nervts.  It  was  men- 
tioned that  one  of  the  results  of  extirpation  of  the  gland  is  that  the  sym- 
pathetic nerves  of  all  kinds,  and  in  general  what  are  known  as  the 
autonomic  ner^'cs.  namely,  those  which  regulate  the  visceral  as  distinct 
from  the  voluntary  system  of  the  body,  are  less  active  on  stimulation 
than  they  were  before.  Xow,  in  the  case  of  the  supra-renals  there  is  no 
doubt  that  the  action  of  the  glands  is  doe  to  an  internal  secretion,  a 
suWaiicc  of  known  composition,  adrenaline,  which  comes  from  the  gland 
to  the  blood.  It  is,  hence,  not  unlikely  that  the  thyroids  also  have  an 
internal  secretion.  Physiologists  have,  accordingly,  sought  for  evidence 
that  such  an  internal  secretion  is  produced  by  the  gland.  Such  experi- 
menta  were  tned  by  von  (^on  many  years  ago.    He  proved  that  stima- 
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UtioQ  of  the  Uiyroid  brauches  coming  from  the  superior  and  inferior 
lar>-ugi-al  nerves  caused  a  great  dUatiou  of  the  blood  vessels  of  tbe 
gluiid,  aud  that  as  a  rivsuR  ot  this  stiinuliLtioQ.  ur  of  the  tujcctioD  of 
thji'oid  extract*,  a  remarkubic  cimiigu  look  pla^;e  iu  tiie  irritability  of 
the  vagus  nerve  and  the  depressor  oerveg.  ytimulation  of  the  vagus 
was  far  more  effective  in  stopping  tlie  heart;  and  the  dopreK^uir  effect 
was  Car  more  sensitive  after  stiiuulation  of  the  gland  nervds  or  after 
the  injection  of  the  extract  of  the  gland  than  before.  On  the  other 
hand,  when  tlie  thyroid  was  reduced  in  ai'tivity.  as  in  some  goiters,  or 
wheu  it  was  extirpatL-d,  Iheru  was  a  remarkable  diminution  in  excita- 
bility of  the  vagiis  and  depressor  mecliaiiisius.  Both  of  these  nerves 
arc  inhibitory  nerves  aud  arv  acting  iu  au  autafiouistic  manner  to  the 
gympalhcties.  These  results  hove  been  coiilipmcd  liy  mtvciral  observers. 
They  appear  (o  be  well  substantiated.  Jt  is  also  stated  that  the  power 
iif  lliu  K|tluncii)il<.-s  to  raise  blood  pressure  on  stimulation  by  wnak  cnr- 
tvins  i»  alsu  grvater  wheu  the  thyroid  nervwi  &r«  stimulated  at  the  same 
time.  This  experiment  is  of  iraportauce,  sinee  the  sliort  time  necessary 
to  produce  an  effect,  i.e..  ninety  secouds,  would  iudieale  that  the  thyroid 
seeretiou  did  not  iind  its  way  into  the  lyiii|>li,  but  directly  into  llie 
blood.  A  direct  aetion  of  the  thyroid  is  thus  shown  to  be  upon  the  vaso- 
motor apparatus  and  sympalliefie  syst<'m,  including  the  internal  muscle-g 
of  tho  eye.  This  eflfcet  is  presuinnbly  partly  poripliend  and  in  part 
dircet.  This  is  of  great  importance  in  interpreting  the  ^s^mptons 
of  exophthalmic  goiter,  where  such  hypersensitiveness  is  marked. 
Iu  tlms  iucrca-siiig  tin.-  cXL>itahiIity  of  the  autonomic  system  the  in- 
ternal scerction  of  the  thyroids  appears  lo  aet  somewhat  like  that  of 
tho  supra- n-iiaia.  But  the  thyroid  i-xtract  docs  not  itself  cause  a  rise 
of  blood  pn'ssurc;  it  is  mxwh  less  powerful  than  that  of  the  U 
organs. 

(f.)  Ai:lion  of  extracts  of  the  thj/roid.  Blood  pressure  and  vascuT^ 
syttem.  "Wliite  nearly  all  are  agreed  that  extracts  of  llie  thyroid,  in- 
eluding  th>-r«oglobulin,  which  is  obtained  from  the  colloid  matter, 
and  iodotb>Tin,  formed  from  the  globulin  by  hydrolysis,  influence 
the  excitability  of  the  vasomotor  apparatus  and  the  sympathetic  system. 
very  contradictory  efTecIa  on  blood  pressiir-e  have  been  obtained  as  a 
direct  result  of  the  injection  of  extracts  of  the  gland.  These  eontradic- 
torj-  results  app^-ar  to  Iw  due  (a)  to  the  ub«  of  nncslhi^tics,  curare  and 
morphine  in  some  eases  hut  not  others;  and  (b)  to  different  methods  of 
making  th«  extract.  Drugs  often  cause  very  diffei-enl  actions  on  tho  6ir- 
cutalionn  of  anesthetized  and  non-anesthetized  animnls.  Thyroidec- 
toraised  animals  generally  have,  after  a  time,  a  low  blood  pressure.  The 
serum  of  such  animals  is  h1»o  hypolenf^ic.  Jeandelize  and  Pcrisot  ob- 
t|uaed  the  following  results:    Babbits  were  operated  on  when  6  days 
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dd  and  tested  after  several  months.    The  blood  prvRsiini  i»  the  controls 
aud  tbc  th^ToidcctoiuiKeil  animals  compared  as  follows: 


Blood  pnantim  Id  ana.  Of. 

TliDe  from  opcrkUoa 

Contrail 

2  nontlis  18  imyu 

8       -                            
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The  eflfect  of  injerting  extracts  of  the  gland  is  not  uniform.  Von 
Cyon  and  jVshcr  got  no  direct  action  of  extracts  of  the  gland  on  blood 
pressure.  Nearly  nil  obson'ers,  however,  have  obtained  a  fall  in  blooii 
preesure  following  the  injection  of  aqueous,  glycerol  or  acid  extracts 
of  the  gland.  It  was  su^ested  that  this  was  due  to  choline.  PopieUlii 
showed  that  if  the  depressor  aubatanco  was  firet  removed  from  the  gland 
extrael,  a  rise  in  blood  pressure  resulted  ou  Ihc  subsequent  injection  of 
the  extract.  Tlte  uniaunt  of  choline  iu  ttic  extracts  is  said  to  be  too 
small  to  produce  Ihc  result.  The  depressor  snbHinnec  in  the  ai'id  cxtraet 
of  the  gland  is  vaeodilaliu,  according  to  Popielahi.  This  extract  causes 
all  the  typical  symptoms  produced  by  this  substance,  namely,  secrclion 
of  the  pancreas,  fall  iu  blood  pressure,  abolition  of  the  coagulability  of 
the  blood.  This  substauL-e  would  appear  to  be  eitlier  imidazylethylamine 
or  some  similar  amine.  The  recent  work  of  Hunt  on  the  great  activity  of 
Bome  of  the  esters  of  choline  suggusis  that  possibly  HOinc  of  these  may 
be  present 

As  regards  tho  nature  of  the  active  principlo  whicJi  proiluccs  Uic 
cbjmgo  in  excitability  of  the  vagus  and  sympathetic  nerves,  expcrimcnta 
indicate  that  it  is  either  the  colloid,  namely  tho  iodine  containing 
thyreoglobulin,  or  some  derivative  of  this,  sueh  na  iodothyrin.  or  some 
proteose  from  tho  globulin.  The  experiments  of  Popielsici  indicate  the 
probability  that  there  are  aUo  in  the  gland  basic  sutoancea  which 
may  m-i  direi-tly  on  the  blood  pressure.  The  whole  matter  is,  how- 
ever, in  audi  an  uncertain  ntfitc  that  more  work  will  have  to  be  done 
before  the  relation  of  tho  gland  to  the  vascular  tiyatumr  a  relation  which 
no  one  doubts,  is  cleared  up. 

(g.)  Efffct  of  feeding  thyroids  or  ertroits  of  thi/r{>idj  on  metalotism. 
Tlio  rotation  of  the  thyroid  to  metaboUsm  is  shown  very  clearly  by  the 
cessation  of  growth  and  proper  development  on  its  removal.  Moreover, 
feeding  experiments  give  very  positive  results.  If  human  beings  or 
carnivora  (the  ofTecLs  on  herbivorn  are  doubtful)  eat  t'hjToids  or  take 
cxtrants  of  tJie  gland,  thtire  results  a  stimulation  of  their  nitrogen 
metabolism.  Tt  is  as  if  the  protein  oxidation  had  been  stimulated.  The 
temperature  of  the  body  is  raised,  just  as  it  is  by  the  ingestion  of 
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protein.  The  protein  is  rapidly  oxidized.  There  is  an  increased  cod- 
fltimption  of  oxygen  and  prodnetion  of  CO,  and  nitro^n  excretion  is 
increaMd.  A  diminution  of  the  fat  in  the  body  resalts,  so  that  thyroid 
tablets  are  recommended  or  used  often  for  reducing  fatness.  The 
nervous  and  heart  symptoma  produced  are,  however,  unpleasant.  Very 
umilar  effecta  are  produced  on  metabolism  by  the  ingestion  of  very 
large  amounts  of  protein. 

The  nature  of  the  active  principle  of  the  gland,  which  is  thus  active^ 
is  still  uncertain,  hut  it  appears  to  be  Kori-elatwl  with  the  colloid  matter 
io  Ibe  cells.  It  may  be,  however,  that  the  ucitous  symploma  and  the 
metattolic  i^mptoms  arc  due  to  different  substances.  The  way  in  which 
the  active  principle  acts  is  still  quite  obacnire;  it  is  unccrtnin  whether 
it  acta  directly  on  the  cells  of  the  body,  or  indirectly  by  its  action  ou 
the  nerves.  Punher  work  in  this  direetton  will  be  needed.  The  indica- 
liom  are,  however,  from  the  work  which  follows,  that  it  is  the  iodin«- 
contaiuing  substance  which  is  active. 

(h.)  Nitrile  reacUon.  A  very  remarkable  and  curious  reaction, 
making  an  almost  incredibly  delicate  biological  test  for  thyroid  tiasuc,  is 
the  nitrile  test  of  Hcid  Uunl.  If  so  little  as  0.1  mg.  of  dried  thyroid 
tissue,  or  an  equivalent  amount  of  TJ>e  tbyroglobulin,  per  gram  of  body 
wci(;ht  is  fed  to  a  white  mouse  on  a  cracker  diet  each  day  for  10  con- 
secutive days,  no  visible  chauge  occurs  except  a  loss  of  weight;  but  it 
is  found  that  such  a  mouse  will  survive  as  much  as  10  times  the  amount 
of  aeetonitrilc  given  sulK'ulanunuslj',  which  would  have  killed  his  brother 
or  sister  under  conditions  ideal  itral  willi  the  foregoing,  except  the  thyroid 
fcAding.  Whito  rata,  on  the  other  hand,  arc  rendered  far  more  sensi- 
tivc  to  aeetonitrilc  by  this  treatment.  This  test  is  the  most  delicate  t«8t 
for  thyroid  tissue  which  we  have.  All  of  this  activity  of  the  i^and 
is  found  in  the  thjToglobuliu  of  the  gland  and  also  in  the  metaprotcia 
derived  from  it  by  acid  hydrolysis;  also  in  the  iodiue  containing  prota]- 
bumose  formed  from  the  mctaprotcin  by  arid  hydrolysis.  The  amount 
of  activity  computed  on  the  iodine  present  in  thcjic  preparations  remains 
what  it  was  in  gland  subKlanrn  t-ontaintng  the  same  amount  of  iodine. 
By  further  hydrolysis  iodothyrin  is  formtTil,  and  while  thi^  is  SCtivC,  it  is 
not  so  active  per  mg.  of  iodine  as  the  original  substance.  The  extreme 
BODsitivenesa  of  this  reaction  and  the  fact  that  the  nitrilee  ^nerally  kill 
by  their  action  on  the  respiratory  eejiter  strongly  indicate  tliat  the 
thyroid  extract  produces,  in  mice  and  rais,  a  change  in  this  center,  in  the 
one  case  causing  an  increase,  in  the  other  a  decrease  tn  its  sensitiveness 
to  acetonitrile^ 

(i.)  Jfature  of  the  iniemai  secretion  of  thf  ihi/roid.  This  problem 
is  not  yet  solved.  The  thyroid  is  peculiar  anion?  all  the  elandu  of  the 
body  because  it  normally  contains  iodine.    No  other  tissue  normally  con- 
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tains  iodine  in  more  than  traces,  except  possibly  the  pituitary,  and  here 
the  evidoDce  is  doubtful.  The  t&at  that  the  thyroids  contain  iodine 
naturally  leads  to  thv  (^oudusion  tliut  the  pemiliarity  oC  the  gland's 
action  is  due  iu  some  way  to  this  fact  and  that  the  active  principle  is 
also  an  ioilinc  compoiinJ.  There  are  strong  reasons  for  believing  this  to 
be  a  fact,  and  some  n-asons  for  doubling  it.  The  connection  of  iodine 
with  the  thyroid  was  loug  known  empirically,  it  was  found  that  iodides 
taken  internally,  or  iodine  painted  on  the  outsido,  was  beneficial  in 
goiter,  and  reduced  the  goiter.  It  was  early  stated  that  the  gland  con- 
tained iodine  and  tliat  regions  in  which  goiter  was  endemic  were  marked 
by  less  than  tlie  normal  amount  of  iodine  in  the  water.  These  results, 
however,  were  not  generally  accepted  until  Baumann,  in  1895,  allowed 
that  iodine  was  present  in  the  gland. 

The  amount  of  iodine  in  the  gland  is  extremely  variable  and  is  mnch 
increased  by  various  forms  of  medicatiou  by  iodine,  iodides  or  iodine- 
containing  materials.  The  gland  has  the  power  of  picking  out  iodine 
from  the  blood  and  storing  it  in  org&niu  union.  Iodine  is  found  iu 
combination  with  o  glohulin  which  occurs  in  the  colloid  of  the  gland 
and  is  called  thyreoglobulin.  AH  of  the  iodine  present  is  in  this  sub- 
stance and  certainly  the  effect  of  the  gland  on  the  nitrile  susceptibility 
of  mice  is  due  exclusively  to  this  substance.  Qlands  which  contain  no 
colloid  contain  no  iodine  either;  those  which  have  much  colloid  usually 
contain  also  much  iodine.  As  a  rule  the  thyroids  of  persons  living  in 
goitcroud  regious  <^-ontaiu,  per  gram  of  dry  subiitaiK^c,  less  ioillue  Uiou  is 
cranmon  in  other  localities.  The  rule  has,  ho^vcvcr,  many  exceptions. 
In  a  lot  of  human  thyroids  from  the  Stiermark  (Slyria),  a  goitcrous 
region,  von  Kositzhy  found  that  t)ie  fresh  weight  of  the  glands  of  adults 
varied  from  29  to  231  grams,  and  the  dry  substance  from  5.2-ti7  grams. 
In  1  gram  of  dry  substance  tlie  amount  of  iodine  varied  from  0.077  to 
3.85  mgs.  of  iodine.  The  last  figure  was  obtained  iu  a  case  of  tubercu- 
losis. The  total  amount  of  iodine  in  the  whole  gland  varied  from  0.99 
to  54.67  mga,  In  chihlren  from  birth  to  IVi  years  of  age,  IJaumann 
found  from  0.09  to  0.3-12  mg.  of  Iodine  in  the  whole  glands.  Iu  autmal 
thyroids  the  amount  of  iodine  usually  nins  from  1-1.5  mgs.  of  iodine  iu 
a  gram  of  dry  substance,  but  pigs  may  have  less.  In  sheep  there  appears 
to  be  a  seasonal  vaiiation  in  the  amount  of  iodine,  porhaps  corrclalcil 
with  the  character  of  the  food.  In  Sweden  in  human  adults  the  average 
amount  foimd  by  Jolin  waa  11.20  mga.  of  iodiue  in  the  whole  glands. 
It  is  I'Icar  from  these  figures  that  the  iodine  content  of  human  tliyroids 
is  subject  to  very  wide  fiuctuations  and  these  may  be  due  in  part  to 
dedication,  disease,  diet  and  other  unknown  causes.  In  cxopthalmic 
'JBOiter,  when  the  colloid  may  be  much  reduced  in  amount,  the  iodine  is 
reduced  also.    Some  have  interpreted  these  facts  to  mean  that  the  gland 
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sjinply  stores  todin<>  to  gut  rid  of  it,  as  some  organs  store  copper  an* 
UVeaic.    Diit  xhin  view  is  tiot  boroe  out  b/  tlie  studies  of  Kuclicr, 
wait).  Hunt  anj  F.  C.  Koch. 

Thyreoglobulin.  This  is  the  iodiooMKia'tatiunff  sonstitneDt  of  the 
gloud  and  b  the  priucipul  coustitucut  of  flt«  eoHoid  aaatter.  It  uiay  be 
extracted  by  carefully  drj-ing  the  ground  glands  at  room  temiwrature, 
after  previously  separating  them  hs  far  as  poHKible  from  conueetive 
tissue,  uxtrauting  tlie  dried  glands  with  gasolinu  to  remove  the  lipina, 
removing  ttie  gasoline  by  evaporation  at  room  temperature,  and  grind- 
ing the  lipin-free  material  in  a  mill  and  passing  the  powder  through  a 
fine  sieve.  The  globulin  is  theu  extracted  from  the  line  povrder  with 
dilute  salt  solution.  The  globulin  is  purified  by  tlie  usual  methods  of 
precipitating  with  ammonium  sulphate,  resolution,  and  rcprecipitati 
by  dialysis.  It  is  a  white,  amorphous  powder.  The  per  cent,  of  iodine 
variable,  generally  ranging  from  0.34-1  per  cent-  Oswald  found  1.6 
per  cent.  The  activity  is  proportional  1u  the  itMline  content.  It  is  noi 
impossible  Uiat  some  of  Uie  symploiiiK  of  e\op)i(:liahnie  goiter  may  be  d' 
to  some  other  constituent  of  the  gland.  The  iodine-free  globuHu  is  io- 
aetivc  on  the  blooil  pitaisure,  and  <loa<  not  affect  tho  irritability  of  the 
vasomotor  apparatus  and  sympathetic  systems.  The  iodine-coutaiuing 
gtobulta  is  active  in  these  particulars  and  Koch  found  that  all  the 
activity  of  the  gland  in  the  nitrile  susceptibility  was  due  to  this  con- 
stituent. There  is  then  no  doubt  that  thyreoglobulin  is  one  of  the  autive 
substances  of  the  gland.  WhetJier,  however,  it  in  the  only  atitive  sub- 
stance and  whether  it  gets  into  tlie  blood  us  such  is  doubtful.  Koch 
found  that  full  itctivity  persisted  in  some  of  tljc  first  (ligi!stivc  products 
of  the  globulin.  It  is,  therefore,  possible  that  tliere  is  in  tiie  gland  an 
enzyme,  wliich,  under  nerve  influence  or  other  stiimilalion,  digiwts  some 
of  the  protein,  setting  free  in  the  blood,  not  thyr«oe;lobuliu,  but  an 
iodine  containing  digestion  product  and  this  produces  tiio  action  on  the 
nervous  system  and  possihly  on  tht;  otlier  cells  nf  iJie  iKHly.  It  has  not 
yet  been  Khown,  however,  tliat  luiy  such  eii7.ymi!  exists  in  the  gland  and 
is  active  in  this  way  and  it  is  not  known  in  what  form  tlie  active  prin- 
ciple  is  discharged  from  the  gland.  If  Hu«h  a  process  as  that  just  mon* 
tioned  occurs  the  gland  would  reaeiiible  tlic  liver,  which  stores  glycogen; 
the  latter  is  not  poured  into  tlie  blood  as  such,  but,  by  digestion,  glucose 
is  formed  from  it.  Hasedow's  disease  might,  on  this  supposition,  be 
due  to  the  loo  great  conversion  of  thyreoglobiiUn  into  its  absorbable 
digested  producia  and  as  a  result  tlie  gland  strives  lo  manufiu^ture  more, 
just  as  the  body  makes  glucose  in  diabetes.  It  is  as  if  a  brake  had 
removed.  The  Kmall  content  of  colloid,  the  activity  of  the  gland, 
thyroEpmia  all  point  iti  Uiis  direction.  The  condition  would  be  analogo< 
to  diabetes,  only  it  is  a  protein  diabetes,  not  a  carbc^ydrate. 
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Tho  other  constitiicnta  of  the  gland  aro  Lliose  of  octla  in  general,  such 
as  lipiua,  nucleic  acid,  probably  guanylic  acid,  cholesterol,  choline,  alba- 
mins  and  extractivos.  The  normal  gland  is  said  to  contain  small  amounts 
o£  arsonie,  but  whether  this  plays  any  role  in  the  gland,  or  whether  it  is 
)i)M>ful  or  liarmfiil,  is  unknown.  We  are  comlautly  taking  uiiniite 
aiDotinUi  of  ar.wnie  in  iJie  fotxla  and  it  at  poamibli*  Uial  itii  pri-^-uro  in 
the  gland  is  accidi^nlal.  On  th«  other  hand,  it  i»  not  certain  tJiat  it  may 
not  bn  lififfiil. 

lodothyrin.  By  acid  hydrolysis  of  the  gland  Baumann  and'  Itoss 
isolated  a  brovrnish,  amorphous  substance  containinir  from  2-14  per  cent. 
of  iodine.  This  iodoth^n-in  gives  no  protein  reaction.  It  is  soluble  in 
dilute  alkali  but  not  in  wvak  acids,  and,  indeed,  looks  and  behaves 
somewhat  like  melanin.  It  has  been  found  tliat  Lliis  subntanue  has  an 
action  on  goiters,  crtitins,  ^lyxll^le^1atollK  patients  and  in  modifying  the 
irritability  of  nrrves  liki-  llu;  action  of  thir  gland  ilsolf  but  weaki-r  than 
the  latter,  if  the  amount  of  action  is  compared  with  tbn  amount  of 
iodine  in  the  io<lotIiyi-in  and  in  the  driiid-gland  substance.  That  is  an 
aiuooiit  of  iodotliyriu  containing  a  luilligram  of  iodine  is  less  active  than 
an  amount  of  the  dried  gland  containing  an  equal  amount  of  iodine. 
Compuliug  ita  activity  in  eouipui-isoii  with  lliu  iodine  content  it  is  only 
about  ont!-tL>nUi  as  strung  as  thyn^ugiobulin  in  rendering  mice  nHtistant 
to  nitrile  poi-soning  (Koch). 


SUPRA-RENAL  CAPSULES 

Anatomy. — The  aupra-reual  capsules  arc  two  smalt  glandular  organs 
lying  like  caps  on  the  upper  poles  of  the  kidneys,  whence  their  name. 
Tht-y  are  rivJily  supplical  witli  blood  vessels  and  nerves  and  together 
they  weigh  in  an  average  adult  about  6-7  grams.  In  youth  and  fetal 
life,  in  common  with  most  of  the  glandular  organs  of  the  body,  Iliey  are 
relatively  larger.    They  are  supplied  witli  blood  from  two  Mimll  arteries 

■  from  the  dorsal  aorta  and  wide,  short  veins  empty  directly  into  the 
inferior  vena  cava  to  which  the  organs  are  eloaely  atlached.  The  amount 
of  blood  passing  through  them  is  very  large  compared  to  their  siw.    The 

■  nerves  whieh  govera  both  the  blood  vcs-'wls  and  the  tissue  of  the  glnn<l 
ilself,  Iteing  both  secretory  and  vasoeonstriclor,  eomc  from  tho  two 
spl8iii;hni«?s,  the  left  splanchnic  supplying  only  the  left  gland,  but  the 
right  sending  a  branr'h  to  the  left  as  well  as  to  the  right. 

■  Histology. — The  gland  is  composed  of  two  different  kinds  of  tiKsup, 
K  making  i-espcctively  the  cortex  and  the  medulla.  The  boundary  between 
KtiMse  layers  is  not  sliarply  delimited,  strands  of  cortex  tissue  penetrating 

■  hero  and  there  down  into  the  medulla,  particularly  along  (he  sympa- 
thetic nerves.    These  two  tiMues  differ  in  their  histological,  chemical  and 

■  physiological  characters  and  in  their  embryonic  origin. 
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Cortex.  The  cortes  is  composed  of  three  regions,  an  external  zwieT 
a  reticular  and  a  glomerular  zoue,  the  dillereocea  between  them  bems 
Dot  &harp.  The  cells  arc  arrartged  in  a  reticulum  with  blood  spaces 
between.  There  arc  no  cndothclinl  cells  on  these  cell  strings  and  the 
clrcnlalion  is  of  that  extra  unpillar/  kind  described  by  Minot  in  the 
liver  and  eharaclcristic  for  most  invertebrates.  Hence  the  blood  comes 
directly  in  contact  with  the  cells  of  the  tissue.  The  coi-tes  does  not 
staiu  in  bichromate  of  potash  and  the  cells  are  simply  protoplasmic  cells, 
coutaiiiiug  some  vacuoles  and  granules.  During  pregnancy  and  par- 
ticularly juBl  after  parturition,  this  layer  undergoes,  in  the  guinea  pig, 
a  rapid  cell  proliferation  and  dcgcncratioo,  the  significance  of  which  is 
not  yet  understood. 

ilcdulla.  The  medulla  is  composed,  in  part,  of  ncr\'e  cells,  but  in 
large  measure  of  granular  protoplasmic  cells,  which  are  distingtiisbed 
by  their  staining  yellow  when  tlie  gland  is  fixed  in  a  solution  of  bichro- 
mate of  potash  aJid  formoL  This  yellow  staiu  is  taken  by  some  other 
colls  also  and  tistiuc  so  tttaiuing  is  called  chromaJ)'me  tissue.  The  stain- 
ing power  appears  to  be  dependent  upon,  or  corrclali;d  with,  the  prMenea 
of  adrenaline,  the  active  principle  of  tlie  organ,  since  the  content  of 
adrenaline  and  iho  doptli  of  stain  rise  and  fall  together.  The  stain  is 
not,  however,  a  peculiar  eharaclcristic  of  adrenaline,  for  other  aromatic 
reducing  bodies  will  probably  be  found  to  give  the  reaction  also.  How- 
ever adrenaline  couteut  and  thromaffine  reaction  often  go  together. 
Thus  such  1i.s8uc  is  found  in  tlie  poisonous  skin  glajids  of  toads  and 
these  contain  an  unummlly  large  amount  of  adrL-naliuc.  The  Kiipra- 
renals  have  no  ducts.  If  they  be  called  glands  Ihcir  secretion  is  dis- 
charged into  the  blood  stream,  so  that  thoy  arc  truly  organs  of  hidden 
Bowing  (cryptorhetic). 

Comparative  anatomy. — The  siipra-renals  are  found  in  all  classes 
of  verlebrales  and  bf^sitles  the  organs  themaelvea  cliromaflme  tissue  is 
found  outside  the  glands.  In  all  the  inanimals  the  glands  are  well- 
developed  and  in  monkeys  and  human  bcingH  tliry  are  surrounded  with 
strong  capsules.  In  fishes,  in  which  the  pronephros  or  head  kidney 
persists,  chromafllne  tissue  resembling  that  of  supra-rcnals  ia  found 
in  the  head  end  of  the  kidney.  In  the  frog,  in  which  the  mesonephros 
peraista.  the  supra-rcnols  are  represented  by  small  masses  of  tissue  just 
above  the  kidneys.  In  mammals,  besides  the  supra-rcnals,  little  accessory 
iQBssee  of  chromafllno  tissue  arc  found  along  the  trunk  of  the  great 
sympathetic,  sometimes  in  the  kidneys  also,  and  one  targe  mass  in  par- 
ticular is  called  Zuck«rkandl 's  paraganglion.  Nothing  definite  is  known 
of  the  function  of  these  accessory  masses,  but  they  are  believed  to  act 
as  accessory  medullary  substance.  Whctber  cbromaffine  tissue  exists 
in  the  so-called  airotid  gland  in  doubtful.     The  (piitc  general  occur- 
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N^nce  of  chromaiEne  lissue  outside  the  Bupra-renala  woald  not  be  but- 
prising  if  it  be  true  Uiat  manj  cells  normally  form  small  amounts  of 
adrenaline  when  the  ncrrc  impulses  stride  them,  as  has  been  suggested 
by  Sherrington. 

Embryology. — The  cortex  and  the  medulla  have  different  sources  in 
the  embryo.  The  cortex  is  derived  from  the  mesoderm  wliieh  gives  v\i% 
to  the  kidney;  the  medullary  portion  contains  many  sympathetic  cells 
and  appears  to  be  a  modified  ma^  of  sympatlietic  nerve  cells. 
K  Functions. — The  functions  of  these  small  organs  have  only  been  par- 
'ti&lly  discovered  and  that  within  the  past  fev  years.  As  was  the  cose 
in  so  many  of  the  cryptorhctie  tissues,  attention  to  them  was  directed  by 
Brown-S'^uard,  who  classed  them  as  organs  of  internal  secretion  many 
yea,rs  ago  and  stated  thot  thi^  were  essential  to  life.  Pathology  first  in- 
dicated their  function.  It  was  found  Uiat  in  Addison's  disease  the 
autopsy  constantly  showed  letiions  of  the  supra-renal  capsules.  These 
lesions  ore  generally  tubercular  in  nature.  The  symptoms  of  tliis  dis- 
ease are  u  peculiar  bronze  coloration  of  the  akin;  a  murked  lasititude; 
lowered  blood  pressure;  and  emaciation,  In  no  otiier  disease  is  this  pig- 
mentation found,  except  in  connection  witli  the  supra-renals.  By  this 
observation  a  connection  was  supposed  to  exist  between  skin  pigmen- 
tation, the  general  tone  of  the  body  and  the  supra-renal  capsules. 

Extirpation.  The  consequences  of  extirpating  the  glands  differ  in 
different  auimols.  In  man  tli«  quick  deatJ)  following  lesions,  hemor- 
rhages, pu.s  formation,  etc.,  in  the  glands  leads  us  to  believe  tliat  their 
abaence  could  not  be  long  survived.  They  have  been  extirpated  in 
:eys.  The  following  protocol  of  one  of  Eahn's  experiments  will 
fihow  the  general  course  of  events  after  adrenalectomy.  Tlie  extirpation 
is  easier  in  monkeys  than  in  most  animals  because,  in  monkeys,  the 
glands  do  not  lie  so  near  the  vena  cava  and  they  are  encapsulated.  A 
female  Macacos  monkey,  weight  about  2,000  grams  and  fed  on  fruit. 
Right  supra-rpnal  removed  under  ether  November  9,  1911:  The  wound 
heals  quickly.  On  the  4th  December,  25  days  after  the  operation,  when 
the  weight  was  1,850  grams,  took  out  the  left  supra-renal.  On  the  5th 
the  animal  is  very  well  and  eats  heartily.  On  the  Gth  she  eats  with 
normal  appetite.  Is  active.  There  is  a  little  a;dcma  at  the  edges  of  the 
wound.  On  the  7tb  normal.  On  the  8th  normal,  but  appetite  a  Uttle 
less.  On  the  9th  at  9  a.m.,  is  fairly  weak,  lies  stretched  out  on  the  bot- 
tom of  the  cage;  no  appetite;  wound  in  best  state.  At  9: 12  a.h.  great 
increase  in  prostration.  Klectrical  stimulation  of  the  points  of  exit  of 
the  sciatica  produces  no  effect.  Oircct  stimulation  of  muscle  effective. 
Apathetic.  The  eyea  are  open  and  look  about.  At  1:45  p.u,,  being 
nearly  moribund,  woa  killed  with  chloroform  and  the  liver  examined 
for  glyeogen,  only  a  trace  being  found.    The  animal  lived  5  days.    For 
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4  days  it  could  not  1)6  told  from  a  normal  animal.  The  sudden  oneel 
of  the  symptoms  of  extreme  depression  has  the  appearance  of  an  in- 
toxication. 

Habbits  bsvo  an  aeccssorj.*  poraganglion  on  the  aorta  and  they  sur- 
vive total  extirpation  for  at  least  a  year  without  any  symptoms.  Bats 
also  will  survive  for  about  ttiree  weeks,  but  dogs  and  cats  rarely  live 
more  than  24  hours,  the  symptoms  being  again  Uiose  of  intense  deprm- 
aiou.  It  will  be  noticed  that  the  earnivorouH  animals  die  most  rapidly, 
id  that  the  hcrbivora  die  with  the  same  symptoms  when  their  supplies 
~of  glycogen  are  exhausted  and  the  animal  must  presumably  coll  upon  ita 
protein  for  food. 

The  cause  of  this  sudden  death  is  by  no  means  clear.  The  survival 
of  monkeys  for  4  days  quite  normally  would  seem  to  indicate  that  death 
was  not  due  to  the  sudden  withdrawal  of  somt^Uiiug  neeessary  for  the 
body.  The  indications  are,  ratlier,  that  in  the  ab«eucc  of  Die  snpra- 
rcnala,  poisons,  possibly  protein  dt^adation  products,  nrc  formed  or 
not  destroyed.  Bat  whatever  the  explanation,  there  is  no  doubt  of  the 
faet  tbot  the  organs  are  essential  to  life  in  most  animals.  Tbe  s>*mptoms 
following  adrenalectomy  arc  little,  if  at  all,  alleviated  by  the  injection 
of  extracts  of  supra-reuals.  The  extirpation  is  followed  by  the  almost 
complete  disappearanee  of  glyeogeu  in  rata,  dogs  and  monkeys  from 
both  liver  and  muscl<->a.  Tlus  is  a  point  of  some  iulerest  in  connection 
witli  diabetes. 

The  glands  have  a  partit-ulur  relation  to  blood  pressure.  Oliver 
and  Schaefor  discovered  that  c^traet  of  these  glands  made  with  0.7 
per  cent.  NaCl,  when  injected  intravonously  into  eala  or  other  mammals, 
causes  a  wry  quick,  intense  rise  in  blood  pressure,  llie  effeet  paauug  off 
rapidly.  The  Bulistance  producing  this  acUon  was  found  to  be  in  the 
medulla  and  not  in  the  cortex.  It  was  isolated  by  Abel  as  a  benzt^l 
compound,  which  be  called  epinephrine,  by  extrat-iiug  tlie  glands  witli 
weak  acid  and  hcnzoylattng  tlic  extract.  Unf or  Lunate  ly  the  crystalline 
substance  Abel  obtained  »*na  not  tlic  active  primnplc  itself,  but  tlie 
beuzoylated  active  principle.  A  benzoyl  group  remained  attached  to  it 
Aldrtch  and  Takamine,  who  followed  Abel,  obtained  the  free  baas  which 
was  named  adrenaline.  Adrenaline  may  be  rcadil}'  prepared  by  the 
following  method  (Abel) : 


Tbc  ground  organs  nrc  extnctnl  witli  an  equal  anuiunt  of  3.6%  triclilonicrtJo 
a«id  in  abuilatjt  aleuhol,  *hal:(>a  and  Altered.  The  coTiwnt rated  flltrale  foma  a  inlero- 
crystailiiio  pri-d|)itiit«  ol  ndrcnotiiK  on  the  •ddilion  of  mnm^aia.  Xlifi  pndpitata 
Mntnlns  about  10^  of  uh.  To  purifjr  it  Uw  crjulala  in  a  litU«  waUir  an  treated 
witk  aome  oxalic  acid  and  theo  aloobol-ctlier  mixture  added.  Tlie  oxahito  remaliia 
undiMotnd.  It  ii  cxxtvertcd  Into  the  acetate,  taken  up  In  akoliol-rthcr  and  pr» 
«ipitAt4d  wfth  ammonia,    v.  FtlrUi  >iaa  anotJier  RMthod. 
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Ckemieitl  nature  and  propariies  of  adrenaliM.  Adrenaline  or 
BUpmrcniD  or  opincpiiriiic,  as  it  is  also  called,  is  dioxy- phenyl -oxyethyl 
metliyl  amine.  It  is  a  derivative  of  pypocstcchin,  with  the  following 
formula : 

HOOsCB         U    U 

no(\       ^o-c-c-Nn  (cn  i 
c-c         ,    I 

II       B  OH  U 

is  seen  to  be  related  on  the  one  hand  to  choline,  or  oxycthyl  amino, 
[and  on  the  other  hand  to  tyrosine,  of  which  it  is  possibly  a  derivative. 
L:Tfae  natural  adrenaline  is  levo-rotatoiy  and  is  far  more  toxic  and  active 
lan  the  dexlro-synthetic  product  It  has  been  syulJiesized.  i'r)T= 
' — 50.72°  (Abderhaldcn  and  Guggenheim)  ;  —51.30  (Abel  and  Macht). 
It  givea  an  emerald  gi-eeu  ui  an  acid  solution  with  ferric  chloride,  aud 
camuue  red  iu  an  alkaline  solution.  It  is  crj-stAlline  and  precipitated 
from  solution  by  ammonia. 

Adrenaline  is  an  uuslable,  weak  base,  decomposing  rapidly  when  in 
solution  in  tJie  free  form,  hut  being  fairly  stable  as  the  dry  free  base  and 
as  the  li^vdrocliloridf,  in  which  form  it  is  generally  sold.  Its  decomposi- 
tion is  hastened  by  alkalies  and  light.  It  w  a  reducing  substance  and 
oxidizes  spoutaueously,  if  left  in  on  alkaline  solution  exposed  to  oxygen. 
The  oxidation  products  arc  physiologically  inactive.  The  d-adrcualine  is 
more  stable.  By  oxidation  with  todiuc,  pfrsulpfiuli.-,  mercuric  chloride 
and  other  oxidising  agents,  a  rod  color  is  formed.  It  is  distlDguished 
readily  by  the  green  coloration  it  gives  with  ferric  chloride.  It  is  prob- 
ablj-  the  substance  whidi  gives  Lhc  yellow  color  to  the  medullary  sub- 
stance when  the  organs  are  fixed  with  bichromate.  It  gives  a  red  color 
with  I,KI  and  ItgCl.^.  It  is  thermostable  in  an  acid  soltmon.  It  dis- 
solves  in  strong  alkali,  NaOH,  and  probably  forms  a  sodium  salt. 

■  Quantitative  estimation.  Tiic  amount  of  adrenaline  in  the  gl&ndit 
may  be  e»limat«d  chemically  by  colorimctric  and  by  physiological 
methods.  The  latter  methods  are  the  more  delicate  and  extivmeiy  smaU 
amounts  may  be  detected.  For  the  colorimctric  method,  see  page  1010, 
experiment  224.  For  the  physiological  methods,  i.e.,  the  frog  eye,  blood- 
pressure,  uterus  strip  methods,  reference  must  be  made  to  other  works. 

■The  Tree  base  is  so  active  that  as  little  as  .000002  gram  intravenously 

Hvill  produce  a  noticeable  eCFect  on  blood  pressure. 

H       AvMUHt  of  adrenaline  in  the  glands.    Bullock's  supra^rcnals  contain 

Bftbout  0.3  per  cent  (Ab«l)  or  0.25  per  cent  (Etint)  of  adrenaline. 
FoUs,  Cannon  and  Denis  determined  the  amount  in  the  adrenals  of  cats 
to  be  about  0.15  per  cent.;  in  cattle  and  rnbbils,  0.3  per  cent;  in  dogs 
and  monkeys,  0.2-0.25  per  cent  From  human  adults  suddenly  killed 
the  Bupra-renalft  contained  about  0.1  per  cent 
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Functions  of  adrenaline.  The  discofery  of  the  active  principle  of 
the  gtaud  Las  given  to  the  physician  one  of  tbu  most  vuluahle  of  drugs. 
It  is  one  of  the  most  powerful  local  Bt>'ptics.  It  cAuacs  contraction  of 
the  arterioles  and  it  has  proved  invaluable  in  diminishing  iufluramation 
frhen  a  vcok  solation  is  dropped  in  the  eye;  in  reducing  homorrhagcs, 
as  in  operations  on  the  nose;  in  checking  oozing  hemorrhages  in  the 
Diucoea  of  the  Btomach  and  bowels;  in  cases  of  sliovk  with  low  blood 
pressure  it  stimulates  tlie  heart  and  raises  blowi  prussure  both  by  its 
central  action  on  the  central  nervous  system  and  by  its  peripheral 
action  on  the  blood  veKsebt.  Whitn  subcutaneously  injected  in  hnman 
beings  it  has  been  found  of  great  value  in  asthma.  Hero  it  causes  re- 
laxation of  the  muscles  of  tJie  bronchioltts,  upon  whicli  it  has  a  remark- 
able action.  It  has  K'sidcs  many  other  actions.  Injected  intravenously, 
and  sometimes  when  injected  subcutaneoaely,  it  causes  glycosuria;  in 
very  minute  doses  it  cheeks  the  rhythmic  peristalsis  of  ttie  intestine. 
It  causes  contraction  of  the  virgin  cat's  iitenis,  but  not  of  tliat  of  the 
pregnant  eat.  In  large  doses  in  cats  it  eaiises  tlie  erection  of  the  hair, 
relaxation  of  the  bladder,  dilation  of  the  iris  and  oil  the  sj'mptoms  which 
ordinarily  accompany  fright  or  angnr.  It  will  causo  secretion  of  saliva 
and  tears,  but  not  of  the  pancreas  or  stomach.  In  fact  we  may  at  once 
say  that  it  acts  pre-eminently  on  all  the  functions  innervated  by  the 
sympathetic  system.  Its  action  on  any  organ  is  always  the  same  as  is 
producetl  by  stimulatJou  of  Llie  &yiupal)it'ti<!  uerves  to  that  organ  and 
in  different  animals  the  effect  may  vary,  since  in  some  stimulation  of  a 
sympathetic  nerve  may  cause  activity,  while  in  others  it  causes  inhibition 
of  activity. 

Bat  while  adrenaline  thus  ads  on  all  the  sympathetic  end  organa. 
its  action  is  not  limited  to  these.  It  is,  as  a  matter  of  fact,  a  general 
protoplasmic  stimulant  and  in  large  doses  acts  on  all  cells  of  all  kinds 
of  animals.  Thus  it  checks  the  development  of  eggs  of  all  kinds  and  in 
smaller  doses  produces  monatero ;  it  stops  ciliary  movement ;  and  may 
poison  the  heart.  It  may  make  prociesses  of  repair  slow.  But,  never- 
theless, while  thus  acting.  Its  main  effect  in  small  doses  is,  as  stated,  on 
the  organs  inner^-atcd  by  the  sympathetic  nerves.  It  lias,  however,  an 
action  fdso  on  skeletal  muscle,  helping  it  to  recover  from  fatigue  and  in 
the  perfused  heart  it  strengthens  the  best. 

One  of  the  most  interesting  of  the  effects  of  adrenaline  ia  its  power 
of  producing  hy^^erglycwmia,  which  is  nearly  always  accompanied  by 
glycosuria.  This  is  the  ease  in  nearly  alt  mamnuils.  At  first  it  was 
believed  tbat  the  action  was  on  the  pancreas,  a  gland  most  intimately 
eonnected  with  the  carbohydrate  metabolism  of  the  body.  Herter  re- 
ported that  painting  adrenaline  on  the  pancreas  produced  glycosuria 
very  readily  and  be  and  Richards  described  changes  in  the  islands  of 
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Langerh&Ds  as  a  result  of  this  application.  He  am]  'Wahenuui  found 
also  that  the  glucosuria  following  pancreatectomy  disappeared  after 
extirpation  of  the  adrenals.  The  general  result  of  all  the  work  has  been, 
however,  to  Indicate  clearly  that  the  sabstance  acta  by  producing  a 
stimolation  of  the  liver  and  other  cells  analosoiis  to  that  produced  by 
otimulatioD  of  the  syuipathetic  nerves  (Figure  Gl).    Claude  Bernard 


ina.  <i]. — Sectlan  «I  b  Jobule  at  mnmnintlitn  Ilver  aliciwlaic  couual  uccrvalfl  ut   the 
lobnl*  ptoAaeetX  bj  r*i^U^<l   InJecUona  at  adrenalin*   {DrummDUd). 


discovered  long  ago  that  pancture  of  the  floor  of  the  fourth  ventricle  of 
the  brain,  the  so-called  sugar  puncture,  was  followed  by  an  immediate 
glycosuria,  particularly  apparent  in  rabbits;  and  shortly  afterwards, 
Eckhard  proved  that  this  only  happened  if  the  splanchnic  nerves  were 
intact  and  if  there  was  glycogen  in  the  liver.  It  has  been  found  by 
MacLeod  tliat  aiimulating  the  splanchnic  nerves  increases  the  per  cent, 
of  sugar  in  the  blood.  It  was  not  for  a  long  time  imagined  that  the 
sugar  puncture  could  involve  the  supra-rcnals,  but  it  was  recently 
suggested  that  possibly  the  splanchnics  caused  glycosuria,  not  by 
direct  action  on  the  liver,  but  indirectly  through  the  action  of  the  nerves 
on  the  supra-renals,  causing  them  to  discharge  more  adreualiue  into 
the  blood  and  so  to  produce  an  adrenaline  glucosuria.  Such,  how- 
ever, is  probably  not  the  case.  The  amount  of  adrenaline  in  the  blood 
is  too  small  to  produce  such  a  glucosuria.     Furthermore,   MacLeod 
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fotind  that  stimulation  of  Uie  hepatic  hranuhes  of  the  splanchnics  stili 
caused  hypurglycicinia,  whcrcau  when  the  plexiis  about  the  veins  waa 
destroyed,  slimulatioD  of  the  splanchnics  no  longer  had  this  effect.  It 
appcara  from  thoee  expcnments  that  two  factors  enter  into  thin  hyper- 
glycffimia:  atimulatiou  of  tlie  splanchnics  acting  directly  upon  the  liver 
And  causing  glycogenotysis;  and,  in  the  second  place,  setting  free  adrena- 
line. Adrenaline  appears  to  be  necessary'  for  stimulation  of  the  liver 
tissnes  by  tJio  nerves,  eitlier  because  it  mts  upon  Ihe  Rympathelic  nervea 
themselves,  or  their  terminations,  increasing  their  excitability  or  their 
effectiveness;  or  becausic  by  direct  action  on  the  gland  cells  Ihc  latter  are 
remlcri'il  so  much  more  sensitive  that  they  will  respond  to  nerve  stimula- 
tion ;  or  because  in  some  other  way  tlie  nerve  is  modified.  It  is  not  im- 
possible, as  suggested  elsewhere,  that  Donuslly  the  nerve  excites  its 
terminal  organ  by  cansiug  the  foruialion  in  that  organ  of  eitJter 
adnaialine  or  some  similar  hormone  and  that  the  amount  formed  by 
direct  action  of  the  nen-e  is  not  quite  effective  without  the  addition  of 
that  derived  from  the  adrenals.  MacLeod  suggests  that  the  adrenaline 
acts  in  the  same  way  as  the  nerve  stimulation. 

One  of  the  most  interesting  facts  bearing  upon  this  problem  of  the 
manner  in  which  adrenaline  stimulates  is  that  tissues  supplied  by  the 
sympathetic  syatem  and  which  have  been  denervated  by  catting  the 
nerves,  or  extirpating  the  ganglia,  become  hypersensitive  to  the  action 
of  the  hormone.  Thia  is  the  caso,  for  example,  in  the  pupil  of  the  ^e 
and  is  the  explanation  of  the  so-ealtcd  **  paradoxical  "  dilation  of  the 
pupil.  Stimulation  of  the  cervical  sympathetic  nerve  causes  dilation  of 
the  pupil  by  stimulation  of  the  dilator  or  radiating  fibers  of  the  iris.  If 
the  superior  cervical  ganglion  is  removed  on  one  side,  say  the  left,  the 
pupil  on  that  side  at  ou<^re  contracts,  owing  to  the  tonic  action  of  the 
sphincter  muscle.  After  a  few  days,  however,  if  a  little  adrenaline  is 
injected  subcntaneeusly,  or  intravenously,  it  will  be  found  that  the 
pupil  of  the  operated  side  suddenly  dilates,  whei-eas  that  of  the  norma! 
side  does  not.  h'urthermore,  if  the  cat  is  excited,  or  frightened,  or 
etherized,  dilation  of  the  pupil  on  the  operated  side  occurs  before  that 
of  the  other  side.  This  experiment  was  at  first  supposed  to  mean  that 
the  sympathetic  carried  iuiiibitoty  as  vretl  as  stimulator}'  fibers  to  the 
iris,  bat  was  reco^izied  by  Langley  as  due  to  byperexcitability  and 
has  been  carefully  studie<l  by  Anderson.  The  hypcrexcitability  of 
denervated  tissue  is  not  confined  to  the  iris,  but  all  denervated  tissue 
ordinarily  supplied  by  the  sympathetic  beoomos  hypersensitive  to 
adrenaline  after  degeneration  of  its  nerves.  Tliis  fact  has  not  yet  been 
explained,  but  it  may  possibly  be  due  to  lack  of  function  rendering.tlie 
cell  temporarily  more  unstable.  There  is  perhaps  an  accumulation  in 
the  cell  of  substances  with   which  the  adrenaline  osoally  unites  to 
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prodm*  its  Rctioo,  and  hence  the  eel!  ia  more  than  usually  Bcnaitive. 
FcMiibly  the  so-call(rd  paralytic  sccrctiona  wkidi  occur  after  division  oE 
plaud  ncrvi^  in»y  luivc  a  siinilar  explanation. 

This  fact  of  ihc  )iyiiLTii(;nsitivQac£8  of  ilcncrvatcd  tissue  may  be  mado 
use  of  in  detecting  th«  presence  of  minute  quantities  of  adrenaline  in 
the  btood.  Thus,  during  anesthesia  of  a  cat,  the  pupil  of  the  sido 
on  which  the  cervical  gimglion  has  been  previously  taken  out  dilates 
widely,  whereas  the  iiortnal  one  does  uot.  This  indicates  the  presonce 
of  adrenaline  in  sniall  amounts  in  Uie  blood  at  the  beginning  of  anes- 
thesia, a  deduction  confirmed  by  other  experiments  of  which  we  shiill 
shortly  speak.  Section  of  the  splanchnics  n  few  days  befon;  n-nders 
rabbits  more  easily  glycosuric  on  adrenaline  injection.  Similarly  tlie 
difference  in  behavior  of  the  virgin  and  pregnant  uterus  may  also  be 
tbos  explained,  the  virgin  and  non-pregnant  uterus  being  physiologically 
non -innervated,  and  hnnce  more  sensitive. 

The  parathyroid  glands  have  functions  in  many  ways  antagonistic 
to  the  snpra-renals.  The  absence  of  the  parathyroids  renders  the  or- 
ganism very  resistant  to  adrenaline.  No  longer  will  glycosuria  appear 
on  its  injection  and  the  various  symptoms  of  adrenaline  poisoning  re* 
quire  much  hearJer  do^es  for  tbeir  production. 

That  the  supi-a-renal  glands  are  eoostaiitly  discharging  adrenaline 
into  the  blood  stream  is  now  hardly  doubtful.  Thus  Dreyer  first  showed 
that  stimulation  of  the  splanchnics  made  the  Wood  from  the  suprarenal 
veins  more  active  in  raising  blood  pressure  than  it  was  before;  this 
observation  has  now  been  confirmed  both  by  direct  and  indirect  eicperi- 
ment.  During  anesthosia  the  glands  are  very  largely  drained  of  their 
adrenaline,  as  is  shown  by  making  extracts  of  the  gland  at  the  end  of 
anesthesia  and  comparing  the  amount  of  adrenaline  with  that  found  in 
similar  normal  non-anesthetized  glands,  and  it  is  also  shown  by  tlie  loss 
of  the  ehromaffine  reaction  in  the  anesthetized  gland.  This  discharge 
of  the  adrenaline,  whieh  ia  physiologieslly  so  important,  is  due  to  a 
central  stimulation,  since  after  section  of  the  splanchnic  nerves  it  no 
longer  takes  place.  During  anger  or  fright,  in  cats  at  any  rate,  a  sub- 
stance having  Ihe  properties  of  adrenaline  ia  discharged  into  the  blood 
in  more  than  normal  amounts  and  may  be  detected  in  the  vena  cava 
blood  at  the  level  of  the  supra-renal  veins.  The  dilation  of  the  pupil, 
erection  of  the  hairs,  etc.,  are  all  produced  by  odrcnaline.  Tbo  dis- 
charge may  be  so  pronounced  that  a  gliicosnria  may  be  produced,  a 
glucosuria  which  does  not  occur  if  the  glands  arc  extirpated,  or  if  one 
gland  is  extirpated  and  tho  veins  of  the  other  temporarily  compressed, 
so  that  the  secretion  cannot  get  into  the  general  blood  stream.  These 
observations  are  of  the  greatest  interest  as  indicating  the  remarkable 
participation  of  the  glands  in  ttic  emotions.    It  must  not  be  incorreetly 
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inferred,  however,  that  tho  emotion  of  fright  depends  on  the  suprai^ 
ronal  glauds,  or  that  the  inaiuf««taliou  of  IIuk  omotioa  ueo^ssarUy  so 
dqw&ds.  The  fact  is  pi-obably  quite  othcfrwise.  Tlie  central  nervous 
sytsttm  is  re«ponsible  both  for  emotion  and  for  tbe  stimnlation  of  the 
■ympatliulic  ajstcm,  only  ttie  sympathetic  stimulates  the  supra-renals 
to  accrete  adFcnaline,  which  in  ita  turn  makes  the  sympathetic  innerva* 
tion  more  cfficarious.  It  is  like  a  process  of  autocatalyais;  the  sympathetic 
system,  aa  it  is  stimulated,  automatically  raising  the  efficacy  of  its  own 
RtimuIatioD.  Simitar  processes  probahiy  obtain  in  the  nervous  system 
its^  and  are  concerned  in  the  matter  of  learning  and  habit  formation, 
processes  which  also  resemble  autoeatAlysis. 

The  amount  of  adrenaline  in  the  supra-renals  varies  at  different 
ages  and  in  different  conditions  of  health.  It  is  found  in  large  amounts 
in  those  young  animals  bom  in  an  advanced  age,  such  as  lambs,  colts 
and  calves.  These  animals  are  able  to  nm  about  when  bom  and  their 
adrenals  contain  normal  quantities  of  adrenaline.  Tu  human  beings  this 
is  not  the  case.  Some  observers  have  not  found  adrenaline  in  children's 
adrenals  except  in  very  small  amounts  up  to  one  year  of  age.  But  it 
must  be  remembered  that  disease  may,  in  these  cases,  have  caused  a 
discharge,  or  diminution,  before  birth  or  before  death.  A  man  and  a 
horse  are  not  at  the  same  physiological  age  at  birth.  In  comparison 
with  their  total  span  of  life  a  horse  is  as  old  at  birth  us  a  hnmnn  being 
at  two  years.  And  a  child  at  birth  is  as  old  physiologically  aa  a  horse 
fetus  at  four  months. 

The  amount  of  adrenaline  in  the  glands  is  greatly  reduced  in  poison- 
ing by  phosphorus,  arsenic,  mercury  and  during  anesthesia. 

Conclusion. — The  snpra-renal  glands  then  have  the  very  important 
function  of  manufacturing  and  secreting  into  the  blood  stream  the  active 
principle  adrenaline.  This  substance  is  1,  2,  dioxyphenyl,  4,  oxyethyl 
methyl  amine. 
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This  substance  is  presumably  formed  from  tyrosine,  or  phenyl  alanine, 
though  there  is  as  yet  no  direct  proof  of  this.  A  3.4  dioxyphenyl 
alanine  has  recently  been  isolated  by  Guggenheim  from  Vicia  faba. 
Substances  of  a  similar  nattire  are  found  elsewhere  in  the  animal  king- 
dom than  in  the  suprarenal  glands.  Chromaffine  tissue  is  found  in  the 
skin  glands  (parotid  gland)  of  poi.ionous  toads  and  much  adrenaline  is 
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foQDd  tbere  also  (Abel  and  M'acfaf  in  Bufo  o^a).    In  ergot  on«  of  the 
aelivc  prineiplea  is  oxyphcnjleUiyl amine. 
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This  would  appear  to  be  an  int«rmedia.t«  product  in  the  forma'don  of 
Bdrenaline.  This  subslance  is  formed  from  tyrosiue  by  carboxylase 
splitting  off  carbonic  acid.  By  oxidation  and  mcthylatioD  this  substance 
may  be  made  into  adnsnuHnc.  Stmilor  substances,  called  by  Kutecfaer 
by  the  group  nainn  ayorrhtf\mas,  arc  formed  from  otlior  orffans  of  the 
body  and  many  of  them  arc  phyaiolopcaUy  very  active.  It  has  been 
SDggeated  that  adrenaline,  or  related  8ul»stan<ie8,  may  be  formed  in  all 
cells  ou  the  advent  of  t)ie  ueirve  impulse  and  that  it  va  by  means  of  these 
active,  or  hormone,  Kubslances  that  the  cell  is  roused  to  activity.  Adren- 
aline is  an  unstable,  easily  oxidi/od  siihstanc-e,  passing  readily  into  a 
reddish  and  brown  pigment  matter.  It  is  scci-eted  into  the  blood  stream 
from  the  glands  and  its  function  appears  to  be  to  reinforce  the  action 
of  the  sympathetic  nervous  system,  thus  incrcasinff  vasomotor  tone,  sym- 
pathetic tone,  the  tone  of  the  digestive  system,  the  bladder  and  atenis, 
and  all  other  structures  innervated  by  the  sympathetic.  It  may  also 
act  on  tissuea  not  innervated  by  the  sympathetic,  but  in  small  amounts 
its  action  is  confined  cliiefly  to  that  system.  It  also  affects  the  central 
nervous  system. 

The  action  of  the  supra-renals  cannot,  however,  be  said  to  be  com- 
pletely elucidated  by  these  striking  facts.  We  have  as  yet  no  satisfac- 
tory explanation  of  the  sudden  death  of  carnivorous  animals  following 
their  extirpation  and  the  later  death  of  other  animals.  These  have  alt 
the  symptoms  of  an  intoxication,  and  the  injection  of  adrenaline  has 
very  little  action  in  prolonging  their  life.  It  is  not  probable  that  death 
ia  the  result  of  the  lack  of  production  of  adrenaline.  The  complete  loaa 
of  general  irritability,  skeletal  as  well  as  that  of  the  sympathetic  aya- 
tern,  is  too  great  to  be  thus  explained.  The  result  might  be  indirect  It 
is  certainly  possible  that  other  factors  come  into  play;  the  glands  may 
have  a  detoxicating  action.  Further  work  on  the  cause  of  death  follow- 
ing adrenalectomy  is  needed;  nor  is  there  any  explanation  of  the  pigmen- 
tation of  the  skin  in  Addison's  disease. 

The  functions  of  the  cortex  of  the  gland  are  still  entirely  obscure. 
It  has  only  a  slight  action  on  blood  pressure,  extracts  causing  a  light 
fall.    In  fetal  life  the  cortex  is  most  developed  and  in  the  guinea  pig  it 
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undergoes  marked  fiypertrophy  durinR  pregnnncy,  followed  by  rapid 
retrogression  after  birth.  It  ba»  been  suggested  that  it  elaborates  the 
early  stages  of  Qdrennlinc,  but  this  is  not  substantiated  by  any  evidence. 
Nothing,  in  foot,  is  known  of  its  function.  It  is,  of  course,  not  impossible 
that  the  adrcuoline  is  made  lu  the  cortex  and  stored  in  the  medullary 
cells.  These  medullary  cells  are  luodilied  sympathetic  ner\'e  cells  and 
thoy  may  liave  been  elaborated  to  act  simply  as  storehouses  for  adrena- 
line, this  siilwtanee  having  always  a  marked  predilection  for  syrapatbetic 
liiisnv.  Something  analogous  to  this  appeai-s  to  be  the  case  in  the 
hypophysis.  Pituitrine  is  found  chiefly  in  the  posterior  lobe.  whicL  is 
nervous  tissue,  but  there  are  some  reasons  for  thinking  tbat  it  may  be 
made  in  the  anterior  lobe,  which  is  glandular  in  nature.  This  matter. 
however,  will  need  further  investigation.  Pitviitrine  resembles  epine- 
phrine closely  in  its  action,  but  appears  in  many  ways  more  nearly  like 
d-adrenaline  than  the  physiological  1-adrenaIine. 

Besides  producing  adrenaline  the  supi-a-renals  are  remarkable  chem- 
ically because  of  their  very  large  lipin  content.  They  contain  more 
phospholipins,  and  other  lipins  of  the  general  natnre  of  those  found  in 
the  centra]  nervous  system,  than  any  otiier  non-nervous  tissue  of  the 
body.    They  have  also  a  very  intense  metabolism. 


THErSEXUAL  GLANDS 

That  the  ovaries  and  the  testes  have  a  very  marked  effect  on  the 
growth  and  metaboliam  of  the  body  lias  long  been  known.  Indeed,  these 
were  the  first  tissues  of  which  the  eryptorhetic  powers  were  generally 
recognized.  Caati-atlou  has  been  practised  for  a  very  long  lime  with 
the  purpose  of  modifying  the  body  form  and  temperament.  Tliat  the 
effects  were  not  due  simply  to  cutting  the  nerves  was  easily  shown. 
The  reproductive  organs  give  off  either  from  the  g«rm  or  intorstitial 
eolU  substances  which,  circulating  in  the  blood,  change  the  growth  of 
the  horns  and  bones  in  cattle,  the  development  of  the  hair  and  mam- 
nuir}'  glands  in  human  beings,  and  profoundly  modify  the  general  psycho- 
logical properties.  There  arc  a  large  number  of  so-called  »econdar>-  sexual 
characters  which  depend  upon  the  internal  scorctinns  of  these  organs. 

The  nature  of  the  soerctioDs  thus  formed  is  unknown,  and  this  book 
Is  already  bo  long  that  wc  can  give  no  moro  here  than  a  brief  notice 
of  some  of  the  recent  interesting  work  in  connection  with  the  corpus 
luteum.  It  will  be  remembered  that  when  an  ovum  is  discharged  from 
the  Graafian  follicle  of  the  ovary  there  is  formed  what  is  known  as  the 
corpus  lul.eum,  a  yellow,  glandular  h-tniclurc  which  after  a  time 
atrophies.  It  has  bci-n  found  that  the  extract  of  this  corpus  lulcum 
determines  Uic  growth  of  the  mammary  glands  which  occurs  during 
pregnancy.    In  some  animals  t]i«  ova  arc  only  diacbar£ed  and  eopora 
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latea  formed  after  copulation.  If  eopolatitti  is  performed  by  a  steriliied 
male,  so  that  pregnancy  does  not  ftdlow,  the  corpora  lutea  are  formed 
as  osnaL  The  other  sympttxns  of  pregnancy  fidlow.  although  there 
is  no  piegnancT.  Tfans  d(^  and  cats  will  in  such  cases  develop  milk 
in  the  mammary  glands,  often  they  will  proceed  to  prepare  a  nest 
for  the  litter.  Maisapials,  in  similar  conditions,  show  some  of  the  same 
phenomena ;  they  hare  been  observed  to  clean  out  the  pouch  at  the  time 
when  the  yoong  ahoold  normally  appear.  If,  on  the  other  hand,  the 
corpora  latea  be  taken  oat,  then  these  symptoms  do  not  f<^ow. 

It  seems  probable  that  the  corpora  lotea  play  a  very  important  part 
also  in  preparing  the  atems  for  the  fixation  of  the  orum.  It  is  pos- 
sible that  extracts  of  the  corpus  tateam  might  be  of  value  in  checking 
abortion,  or  in  aiding  the  implantation  of  the  ovum.  It  has  no  relation 
to  estms. 

That  the  ovary  has  also  a  very  close  relationship  to  the  skeletal 
system  is  indicated  by  the  healing  effects  of  ovariotomy  in  osteomalacia, 
and  by  the  large  size  of  the  bones  of  castrated  cattle. 

Owing  to  the  uncertainty  of  the  interpretation  of  many  of  the  facts, 
however,  a  further  discussion  of  this  extraordinarily  important  subject 
will  not  be  taken  up  here.  It  is  not  impossible  that  the  further  study 
of  this  subject  may  confirm  or  demolish  some  of  the  present  theories 
of  inheritance. 

THYMUS  GLANDS 

These  glands  also  are  cr>-ptorhetic  organs,  but  their  function  is 
still  unknown,  or  at  least  there  is  little  that  is  clear-cut  and  definite 
to  say  about  them.  By  many  observers  they  have  been  brought 
into  relation  with  the  growth  of  the  bones  and  the  calcium  excretion, 
but  the  evidence  is  contradictory.  Prom  a  chemical  point  of  view  they 
are  remarkable  for  their  richness  in  nuclear  material.  The  chemistry 
of  the  nucleic  acid  and  histone  found  in  them  has  already  been  dis- 
cussed elsewhere.  That  they  have  an  important  function  in  the  young 
animal  can  hardly  be  doubted. 

PINEAL  GLAND 
This  is  also  a  rudimentary  oi^an  in  the  brain  corresponding  in  a 
general  way  on  the  upper  surface  to  the  hypophysis  on  the  lower. 
The  function  of  this  organ  is  still  unknown,  but  it  appears  to  be  closely 
related  to  the  sexual  organs.  Tumors  involving  the  pineal  body  are 
often  accompanied  by  an  extraordinarily  early  development  of  sexual 
maturity  witJi  all  the  secondary  sexual  characters.  Somewhat  similar 
observations  have  been  made  for  tumors  involving  the  cortical  parts 
of  the  supra-rcnals.  Feeding  pineal  glands  to  young  chicks  or  guinea 
pigs  accelerates  their  development  (McCord). 
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CHAPTER  XVU. 
THE  EXCRETIONS  OF  THE  BODY. 


THE   tnOKE. 

It  will  appear  frmn  the  account  whicb  has  been  given  of  the  chem* 
istry  of  the  different  tissues  of  the  body  how  fraementaty  is  our 
knowledge  of  the  ehenii<^  tranaformations  undergoDe  by  the  food  mate- 
rials  after  their  absorption.  For  example,  the  simple  proteins  of  the 
foods  are  reduced  by  digestion  to  the  amino-acids.  Some  of  these  amiuo- 
ftcida  are  deamidized  by  the  action  of  bacteria,  or  the  enzymes  of  the 
alimentary  mucous  membrane.  The  amino-acids  enter  the  blood  of  tJie 
portal  system  partly  as  amino-acids,  partly  as  ammonia  and  ketonio 
acids,  and  to  some  extent  possibly  in  other  dec-omposition  products  not 
yet  recognized.  In  the  blood  they  circulate  dissolved  iu  the  plasma  and 
as  they  pass  the  varioas  tissues  each  tissue  removes,  it  is  believed,  those 
omino-aeids  in  the  quantity  which  it  needs  for  its  own  metabolism ;  and 
it  builds  up  its  own  protein  from  them.  It  remains  for  physiological 
chemistry  to  follow  the  subsequent  fate  of  these  amino-ocids  through 
the  oomplei  chemistry  of  each  oi^n  of  the  body,  discovering  what 
proportion  is  synthesized  into  the  cell  proteins;  how  rapidly  titey  are 
brokcu  up  and  what  decomposition  products  arise  from  them;  and  fol- 
lowing, also,  the  fate  of  the  amino-acids  not  syntliesized  into  protein, 
bnt  broken  up  directly  by  the  cell  into  products  of  great  importance  to 
the  coll  or  its  neighbors.  This  task,  however,  is  beyond  our  powers  at 
present  and  is  indeed  a  vastly  ditlicuU  task,  since  each  organ  bos  a  dif- 
ferent metabolism  and  must  be  studied  by  itself.  We  know  scarcely 
anything,  for  example,  about  the  chemical  composition  of  many  of  these 
organs  and  particularly  little  altont  the  master  tissue  of  the  body,  the 
nervous  system,  so  that  we  cannot  proceed  directly  to  each  orgau  and 
describe  just  what  chemical  changes  occur  in  it.  We  must  of  neccs^ty 
take  a  roundabout  course  and  follow  the  path  which  the  science  has 
actually  followed  in  its  development.  Having  followed  the  foods  Into 
the  blood,  the  internal  medium  of  tlie  body,  we  turn  to  see  in  what  form 
the  various  substances,  nitrogen,  carbon,  hydrogen  and  oxygen,  leave  the 
body;  and  by  working  backward  from  the  excretions  gradually  narrow 
down  tlie  problem  to  the  metabolism  of  the  various  organs.  We  shall 
turn  now  to  study  the  composition  of  the  vorioua  excretions  of  the  body. 
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ThoM  excretions  are  those  of  the  kidneys,  the  skin,  the  lungs  and  the 
alimentary  canal. 

The  total  amount  of  the  excretoo'  material  varies  witli  tlie  amount 
of  food  and  drink  uouHiimod  and  ttic  amount  of  work  done.  By  refer- 
onco  to  the  motabolisni  vxperimvpt  on  pago  292  it  will  b«  scon  that  a  man 
doing  pretty  hard  muscular  work,  so  that  he  expends  5,500  calories  of 
energy  per  day,  excreted  ahoat  1,000  o.c.  of  water  per  day  in  his  ariite, 
about  240  c.c.  per  day  in  the  feces,  and  about  4,000  grains  per  day  in 
the  respiration  and  perspii-atiou.  The  total  output  of  water  amounted, 
tlierefore,  to  about  5,240  grams  per  day.  For  u  person  not  working  tlie 
amount  is  less  tlian  this  and  about  3,000  c.c.  The  rtdutive  loss  through 
the  longs  and  skin  can  be  determined  by  the  very  ingenious  method  of 
Ixtmbard.  He  placed  a  man  naked  on  one  pan  of  a  delicate  balance,  the 
opposite  pan  of  which  had  a  lever  atlachcd  to  it  so  that  it  traced  a  curve 
on  a  moving  drum  covered  with  smoked  paper.  Under  these  circum- 
stances, of  course,  since  the  man  is  constantly  losing  weight  by  the 
evaporation  of  water  from  tlie  skiu  and  by  tliL>  exhalation  of  wiitur  and 
carbon  dioxide  by  the  lungs,  he  grows  constantly  tighter  and  the  pointer 
traces  a  fairly  uniform  falling  line  on  tJie  revolving  drum.  The  man 
visibly  evaporates  before  one's  eyes.  The  loss  in  this  case  is  both  by 
the  skin  and  lungs.  The  slope  of  the  curve  tells  how  rapidly  the  chanj 
of  weight  is  bccurring.  Now  while  this  curve  is  being  taken,  if  the 
simply  holds  bis  breath  there  is  no  longer  any  loss  through  the  lungs*! 
but  there  is  a  eoDtinuoua  Ices  through  the  skin.  The  slope  of  the  curve 
ff>r  this  period  shows  how  rapid  tlie  loss  is  through  the  skin  alone.  By 
this  lueaiui  and  by  other  expcrimenia  it  lias  been  found  tliat  by  respira* 
tion  there  is  lost  about  30  per  cent,  of  the  total  water,  by  the  skin  17  per 
rent,  and  by  the  urine  about  iiO  per  cent.  These  figures  are  subject 
wide  variation.  In  the  psperiment  just  quoted  the  loss  through  the  afctnl 
and  lungs  was  at  least  double  that  through  the  urine,  and  it  may  be  a 
still  larger  proportion  during  exorcise  on  a  hot  day.  In  the  lungs  ther&j 
is  lost,  also,  about  1,700  grams  of  carbon  dioxide  per  day.  Water  and  i 
oarbon  dioxide  pass  out,  then,  in  large  measure  through  ttie  lungs.  The 
skin  carries  out  chiefly  the  water  in  the  perspiration;  but  there  are  also 
present  some  salts  and  some  nitrogeu  substances,  such  as  urea.  The 
amount  of  nitrogen  lost  through  the  skin  is  variously  estimated.  It  is 
generally  determined  by  collecting  tlic  perspiration  in  some  form  of 
cotton  underclothing,  washing  tliis  out  and  determining  the  amount 
of  nitrogen  in  the  wash  water.  The  method  is  not  exact.  The  nitrogeik  j 
loss  through  the  skin  is  undoubtedly  larger  in  hot,  dry  climates  than  in 
moist,  cold  ones.  It  may  b«  estimated  as  about  one-half  gram  of  nitro- 
gen daily,  but  it  may  be  nearly  a  gram  a  day.  The  feces  hare  been  con- 
sidered already.    They  contain  on  the  average  about  1-S  grams  of  nitro- 
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per  day.  All  tlic  rest  of  the  nitrogca  (acr«tc<l,  except  gmall  por- 
tions lost  in  bair  and  the  wear  uf  tbo  skm^  passes  Llirougit  lUc  kidneys 
Into  the  urine  li  is  tbia  tact  which  makos  the  utIdq  of  Buch  great 
interest.  Tlie  uiino  also  coulaliis  various  uarhou  vompoimda  free  from 
liiti*og«u  aud,  iu  Kuiuli  quuulitii:^  a  tn^'^t-  uuiubur  of  substanues  which 
have  escaped  from  the  muUiboluiin  of  Ihc  body.  The  composition  of  thuje 
Bubstauoes  is  ofttio  of  great  interest  beeause  of  tbe  light  they  throw  on 
the  uitenaediat«  m«tabolism  of  the  body. 

The  urine. — Tbe  urine  is  secreted  by  the  kidneys.  In  man  and  mam- 
malia theeo  are  two  organs,  moro  or  luis  ellipsoidal  iu  shape,  n-eighing 
in  male  adults  about  l^U  grams  each,  situated  on  each  side  of  the  spinal 
column,  behind  Uie  peritoneum  at  about  the  level  of  tbe  first  three 
lumbar  vertebra.  They  are  of  mesodermic  origin  and  develop  in 
embiyooic  life  from  the  gcnito-urinaty  ridge,  a  ridge  of  mcsoblostic  tia- 
sue  extending  from  head  to  tail.  They  are  very  long  organs  in  the 
fishes,  extending  nearly  the  length  of  the  body  cavity  from  far  for^vard 
in  the  head;  and  arc  <:aUed  pronephros  or  head  kidneys.  In  amphibia 
the  middle  region  of  the  ridge  gives  rise  to  the  kidneys,  which  are  called 
Uie  mesonepliros,  and  in  msnunatia  only  the  posterior  region  or  caudal 
portion  thus  develops  into  a  more  compact  organ,  the  metanephroB  or 
true  kidneys.  In  the  invertebrates  somewhat  similar  excretory  organs 
are  the  segmeutai  ncphrldia  of  the  annelids  and  arthropods.  The  kid- 
neys lie  very  dose  to  the  doi-sal  aorta,  receiving  au  unusually  largo 
auiouut  of  blood  by  very  large,  short,  straight  arteries  which  deliver  the 
blood  under  high  pressure  into  a  number  of  capsules  of  capillaries,  each 
capsule  uicloscd  in  a  very  fine  endothelial  mynibraue.  The  resistance 
to  the  flew  iu  the  capillaries  must  be  high.  Tbe  glomerulus  is  supposed 
to  functiou  OS  a  fllteriog  apparatus  (see,  however,  the  recent  work  of 
Brodie)  and  from  it  a  large  amount  of  liquid  containing  salts  and  other 
soluble  constituents,  and  at  times  protein,  is  beUeved  to  be  filtered  into 
the  head  of  the  kidney  lubule.  From  these  glomeruli  the  filtrate  passes 
along  coutortvd  tubules,  the  Iddney  tubules,  making  up  the  greater  part 
of  the  kidney  substance  and  which  are  lined  by  epithelial  cells,  which 
arc  supposed  to  secrete  the  various  nitrogenous  and  other  constituents 
of  tbe  urine  and,  perhaps,  to  reabsorb  some  of  the  water.  It  cannot  be 
said,  however,  that  the  mechanism  of  secretion  of  the  nrine  is  as  yet 
in  many  particulars  elear.  The  secretion  is  under  the  control  of  the 
blood  flow;  a  more  rapid  blood  flow,  a  higher  pressure  in  the  glomcniH, 
other  conditions  remainiog  normal,  is  accompanied  by  a  higher  secretion 
of  urine. 

Amount.  The  amount  of  urine  secreted  per  day  is  extremely  vari- 
able for  diScrcnt  individuals,  depending  on  diet,  external  temperature, 
amount  of  water  drunk  and  on  the  eonatitation  of  the  individual.    Thus 
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in  warm  weather,  or  when  a  restricted  diet  is  being  lakcn  or  little  water 
dnmk,  it  may  he  as  little  as  600>700  ex.  per  day.  In  eoiU  weather  it  is 
always  larger  and  also  on  a  heavy  diet  An  average  abstemious  Ajaeri- 
can  student  in  the  Northern  States  se(!retes  about  l,2l>l)-l,500  c.c.  per 
day.  The  driuliiug  of  lea,  coffv*;  or  bci;r  increases  the  amount  in  part 
because  of  the  fluid  they  contain,  and  in  part  because  of  the  prescucc 
of  diuretics  in  these  bevurages.  Some  individuals,  generally  of  a  nerv- 
ous temjMjrament,  secrete  larger  amounts,  from,  2,000-3,000  c.c.  The 
cause  of  this  mild  polyuria  (diabetes  insipidus)  is  still  obscure,  but  it 
may  be  produced  arlifieially  by  some  injury  to  the  part  of  the  brain 
about  the  infundibular  body.  It  may  be  due  to  sliglit  pn^s&ure  in  this 
region. 

Specific  gravity.  The  specific  granty  varies  usually  inversely  with 
the  amount  sceretcd  from  1.003-1.030.  The  color  is  e'-i"^™!'/  o  darker 
yellow,  or  brown  the  more  concculraled  the  urine.  In  polynria,  hys- 
teria and  some  ncrrous  affections  the  urine  is  often  almost  eolorlcss. 

Heaction.  Normal  human  urine  is  usually  acid  to  litmus,  though  it 
may  at  times  be  olbaline.  It  is  moat  acid  <»i  a  meat  diet ;  on  a  vegetable 
diet  it  may  be  neutral  or  alkaline,  lis  aeidity  is  greatly  rcduewl  during 
the  secretion  of  the  gastric  juice  in  tlie  stoma<:li  during  digetttion,  so 
that  shortly  after  a  meal  on  alkaline  reaction  may  be  had.  There  is  at 
that  time  au  alkaline  tide  in  the  body  due  tu  the  acparatiou  of  the 
hydrochloric  acid  (page  376).  The  urine  of  comivoroiiit  auimals  is 
usually  acid;  that  of  herbivorous,  such  as  cows  and  horses,  ia  alkaliue 
except  during  fasting,  when  it  may  be  acid.  The  reason  why  the  urine 
is  acid  when  ou  a  meat  diet  and  alkaline  on  a  herbivorous  is  that  in 
protein  there  occur  sulphur  in  an  unoxidized  condition,  aud  esters  of 
phosphoric  acid  in  nucleic  acid,  phosphoproteins  and  in  lecithin.  Dur- 
ing metabolism  these  are  oxidized  to  sulphuric  ai:id  or  set  free  as  phos- 
phoric acid.  It  is  this  acidity  whicJi  accounts  for  the  acidity  of  the 
urine.  Nitrogen  from  the  proteius  is  cliuiiuated  iu  the  unoKidized  form 
as  urea,  for  the  moat  part,  but  this  is  a  very  weak  base,  practically  neu- 
tral in  reaction,  and  hence  not  capable  of  neutralizing  the  acid  pr(>- 
dueed.  There  are  also  some  organic  acids  formed  from  tlie  oxidation 
of  parts  of  the  protein,  sueh  as  phenyl  acetic  acid,  benzoic  acid,  uric 
acid,  urocanic  acid  and  so  on,  which  also  contribute  to  tlie  nrine  acidity. 

The  alkaline  reaction  of  the  urine  of  herbivorous  animals  Is  owing  to 
the  fact  that  vegetables  and  fruits  contaiii  ai^id  salts  of  diba.iic  acida, 
or  polybosic  acids,  or  other  carboxytic  acids,  snch  as  acid  potassinm 
maUte.  citrate,  acetate,  tartrate  and  so  on.  On  oxidation  in  the  body 
these  are  burned  to  carbonates.  Some  of  the  carbonic  acid  finds  its 
exit  through  the  lungs,  leaving  the  associated  base,  generally  sodium 
or  potassium,  with  the  very  weak  acid,  carbonic  acid,  to  find  its  way  into 
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je  nrinc.  The  carl>ooat«a  havo  an  alkalino  reaction  owing  to  tlieir  form- 
ing some  fi^eo  alkali  by  bydrolyMS.  It  BWina  paradoxical  at  first  sight 
that  by  driukiug  on  acid  citrate  tJie  urine  should  bo  made  alkaline,  bat 
it  is  eiplaiue<]  in  the  way  just  stated. 

The  amouut  of  acid  which  i^uu  bv  titrutod  in  the  urine  by  alkalJca 
with  phcDolphUialuiu  tm  od  indicator  lunouiiU  in  a  day  to  the  equiva- 
lent of  from  150-400  c.c.  of  N/10  acid.  It  is  about  equivalent  to  N/40th 
acid  by  titration.    It  varies  greatly  and  is  often  less  than  this. 

The  real  acidi^  of  the  arine,  that  ia  the  number  of  the  hydroffen 
iona  it  contains,  can  be  determined  either  by  the  gas-ehaiu  method 
described  on  page  539  or  by  the  iiulic-ator  metbml.  A  recent  extensive 
investigation  of  the  acidity  by  the  latler  metliod  by  Ilitndenion  liaH 
shown  that  the  acidity  is  abont  equal  to  NXlO"""  hydrnffcn  ion.  It  may, 
for  short  periods,  rise  to  about  NX'O""'  or  htM'oim;  ns  nlknlin*;  as 
NXlO^'"*'  As  a  rule  the  total  acidity  as  determined  by  titration  and 
tb«  i!ODcen (ration  of  the  hydrof^en  ions  go  parallel.  TItis  may  be  seen, 
ixa  example,  in  the  foUowing  case : 
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It  will  be  observed  that  when  the  hydrogen  ion  oonpcntration  is  great- 
est and  NX10~^'  the  total  acidity  is  highest,  i.e.,  1010. 

There  are  no  characteristic  variations  of  the  acidity  in  disease  thus 
foond,  except  that  in  cardio-renal  disease  the  mean  acidity  is  somewhat 
higher  than  normal,  H  ion=NXIO-^'"'.  but  tiiis  is  not  higher  than  may 
occur  in  normal  urine.  It  appears  to  be  easier  to  develop  high  acidity 
in  disease  than  greater  alkalini^.  This  may  be  due  to  the  fact  that 
in  serious  disease  the  diet  is  generally  rcstrieted  and  the  patient  may 
become  more  purely  carnivorous,  the  body  calling  on  its  own  reserves. 
While  all  the  acids  of  the  urine  contribute  to  tbU  acidity,  phosphoric 
acid,  on  account  of  its  greater  quantity,  predominates  in  producing  the 
effect.  It  is  a  weak  acid  and  such  strong  acids  as  sulphuric  will  satisfy 
themselves  at  the  expense  of  any  alkali  metal  bound  to  the  phosphoric 
acid. 

Id  case  the  total  acidi^  is  increased,  the  ammonia  generally  rises, 
but  not  always  proportional  to  the  amount  of  acid  produced.  The 
amount  of  protein  e-aten,  or  other  variations  in  the  diet,  such  as  tho 
amount  of  fruit  and  so  forth,  determine  whether  the  acid  produced  will 
be  neutralized  more  by  ammonia  or  by  tfae  fixed  alkalies. 

By  the  ingestion  of  acid  and  bicarbonates  the  acidity  of  the  urine 
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may  be  either  incroaaed  or  diinmlshed.  Four  boiirs  uftcr  the  ingestioa 
of  10  grams  of  raouofiodium  phospliaU-  Ihc  acidity  of  Iho  urine  had  mea 
from  NX10~*'  to  NXl(^'  iu  an  experiment  by  Ucndcrson  and 
Palmer.  In  one  experiment  12  ^rauifi  of  sodium  bicarboniLic  we^e 
ingeeted  at  10.00  a.m.  when  thu  ac-idity  of  t^e  urine  was  NXlO^"^-  At 
12  o'clock  Ihe  at-idity  had  fallen  to  NxlO"*-".  The  urine  wag 
then  strongfly  alkaline.  It  remained  at  this  alkalinity  for  several 
hours. 

Osmoiic  prcisure  of  the  urine.  The  osmotic  pressure  of  the  urine  ia 
much  higher  tiian  that  of  1he  blood.  This  means  that  the  kidney  munt 
do  work  in  tb«  secretion  of  the  urine  and  the  amount  of  work  done  oan 
be  determined  from  tlie  difference  of  osmotic  pressure.  It  a  evident 
that  tlie  K««relion  in  not  a  simple  filtration,  but  that  the  \ilal  activity 
of  the  eells  enables  tliem  to  do  this  work.  The  work  is  done  either  in  the 
reabxorptJon  of  water  by  the  tubules,  thus  concentrating  the  &ltrate  from 
the  glomeruli,  or  more  probably  in  the  secretion  of  the  urea  and  other 
Bubstonccs  into  the  urine.  The  osmotic  pressure  is  generally  deter- 
mined by  the  freezing-point  method  described  on  page  301.  The  freeging 
point  of  the  urine  varies  from  about  — 0.G5*  to  —2.71'.  Tlie  latter  rep- 
resents an  osmotic  ptc^ure  <scu  page  201)  of  32.4  atmospheres.  The 
freezing  point  of  the  blood  is  about  — 0.6°,  whieh  is  an  osmotic  pres8iir« 
of  only  7.23  ntmospherps.  If  tJie  difference  in  osmotic  pressure  of  the 
blood  and  the  urine  amounts  to  25  atmospheiTs  and  there  is  secreted 
1  liter  of  urine  per  day,  the  kidneyn  would  have  to  do  25  liter  atmos- 
pheres of  work.  1  titer  atmosphere  is  equivalent  to  1.0132x10*  ergs,  or 
2.4211x10  small  calories  (15").  In  a  day,  therefore,  tlte  kidne>-s  would 
do  35  liter  atmospheres  or  G05  small  calories  of  work.  This  would  be 
0.605  large  calories.  As  the  total  output  of  energj-  of  the  body  per  day 
is  about  2,500  to  3,000  large  calories,  the  work  of  the  kidney  represents 
a  very  small  proportion  of  it.  The  burning  of  something  leas  than  O.T 
gram  of  glucose  would  yield  this  amount  of  energy.  The  osmotic  pres- 
sure of  the  urine  approximates  more  closely  to  that  of  the  blood  the 
more  rapid  the  secretion;  during  exertion  on  very  hot,  dry  days  the 
freezing  point  may  be  still  lower  than  — 2.71"  and  may  go  below  — 3.0", 
Bugarsky  has  foiuid  a  formula  of  fairly  general  applieabilily  express- 
ing the  relation  between  riie  osmotic  pressure  (freezing  point  or  &) 
and  the  specifle  gravity:  a=75(b— 1).  where  8  is  the  specific  gravity. 
In  certain  circumstances  the  urine  may  have  a  freezing  point  of  only 
— 0.2*,  as  after  drinking  large  quantities  of  beer. 

General  composition  of  the  urine.— The  following  table  illustrates 
the  average  eomposition  of  human  urine  on  an  average  diet  containing 
120  grams  of  protein  per  day^  The  amount  of  solids  and  water  are  of 
courso  widely  variable. 
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ToTAi.  Uhinb  FEB  Dat  1600  c.c.    Total  Souds  61  Gkavs. 

Organic  solids  38.2  graniB.     .  Inorganic  solida   22.7  grami. 

Urea    32                           Sodium    chloride    14     grams. 

Uric  acid 0.7                      H  PO    2.0 

Creatinine 1,8                        H  SO     2,8 

Ammonia    0.7                      K  0   3.0 

Hippuric  acid    0,8                        MgO  and  CaO 0.9 

Residual  organic 2.2                        Reaidual  inorganic 0.2, 


38.2  22.7 

Nitrogenous  constituents  of  the  tirine. — ^The  nitrogenoiu  constitu- 
ents found  in  the  urine  are  urea,  uric  acid,  ammonia,  creatinine  and 
creatine,  amino-acids,  allantoine,  Iiippnric  acid  and  a  great  number  of 
basic  and  other  nitrogenous  substances  found  in  very  small  quantities. 
But  while  present  in  small  quantities  many  of  these  are  of  very  great 
interest,  since  they  undoubtedly  represent  intermediate  products  in  the 
course  of  the  transformations  of  the  amino-acids  in  the  body.  In  addi- 
tion there  may  be  found  in  pathological  conditions  proteins,  or  derived 
proteins,  of  various  kinds.  In  human  urine  urea  makes  by  far  the 
larger  proportion  of  the  nitrogenous  substances.  Normally  from  85-92 
per  cent,  of  the  nitrogen  in  the  urine  is  in  the  form  of  urea  nitrogen; 
but  on  a  diet  containing  a  minimum  quantity  of  protein  food  the  pro- 
portion of  urea  nitrogen  falls,  so  that  it  may  be  not  more  than  68-80 
per  cent,  of  the  total  urinary  nitrogen. 

In  a  group  of  about  25  normal  young  men  in  the  course  of  an 
extended  metabolism  experiment,  the  average  excretion  of  nitrogen  per 
24  hours  was  as  follows; 
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Urea.    Chemistry. — Urea  is  the  diaraide  of  carbonic  acid,  CO(NHj),: 

KH. 

0  =  0 

I 

l^rea. 
It  may  be  regarded  as  formed  from  carbonic  acid  as  follow* 
OH  NH, 

I  i 

0  =  0    +    NH    -     -0  =  0    +    HO 


OH  OH 

Cnrbamlc  add. 
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HH. 


NH. 


0  =  C    +    KHj 

OH 
Cub&aaioMld. 


0=C    -t-    H,0 
NH. 


According  to  this  formula  urea  should  be  a  veo'  faioUy  basic  sub- 
slancc,  and  acids  should  have  some  power  of  union  with  the  aminaj 
groups,  an  ihey  do  have.  If  a  urea  solution  Is  heated,  however,  it  seta' 
(rc«  80tnc  hydrogen  ions  and  behaves  as  an  acid.  This  is  probahly  dne 
to  a  rearrangement  of  the  molecule  in  the  direction  of  the  imide  form, 
and  some  molecules  having  the  imide  constitution  probably  exist  in  all 
solutions  of  urea.    The  imide  form  is  the  following: 


NH. 


NH. 


NH 


KH. 


0  =  C 


HO— C 


NH. 


NH      +",0       NH  H 

I'rm.  tmUv  torm.  CarlKidiiniido.       Cynnainld*. 

Urea  may  bo  synlhesiKed  by  beating  ammonium  uyanate  whi(!h  under- 
goes a  rearrangement  into  urea: 


Aniinoniiiin  rvan  n  t«. 


NH^— CO— NHj 


Urea  has  no  taste.  It  is  colorless  and  odorless  and  crystallises  in 
long  prisms,  m.p.  132-133°.  It  may  be  purified  by  recrystallization 
from  amyl  alcohol.  It  is  extremely  soluble  in  water  and  in  alcohol,  but] 
with  difficulty  in  cold  acetone.  It  is  insoluble  in  ether.  It  forma  salt 
with  acids,  and  the  oxalate  and  nitrate,  CH,N,O.HNO„  arc  much  le 
soluble  in  water  than  urea  itself.  By  hcatingwith  acids  or  alkalies  tt' 
is  split  into  ammonia  and  carbonic  acid  and  the  same  chango  occurs  on 
heating  with  water.  Dry  urea  heated  forms  biuret,  cyanuric  acid  and 
the  amide  of  cyanuric  acid,  or  ammelide : 

COH 


KH  HH 

i  I 

200    — NH  =     CO 

I  I 

NH^  NH— CO-NH^ 

Una.  Biuret. 


NH. 
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N^^ 


;    :  3  CO-^NB,=  ^^ 


COH 


CjrBniiricacid. 


Oxidized  by  h3f7>ohromitc  or  nitrous  acid,  it  is  decomposed  into 
carbon  dioxide,  nitrogen  gas,  some  carbon  monoxide  and  nitric  oxide. 
The  greater  part  of  the  flecomposition,  howerer,  leads  to  the  formation 
of  nitrogen  gas  and  carbon  dioxide.  The  tatter  reaction  is  ased  for  the 
clinical  estimation  of  area. 
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e^a 


00  (NH^)    +2HN0, 

CO  (NH  I    -f  3NR0Br 


CO,  +  2N^  -{-  sn^o 

CX)   +3NiiRr  +  ZII0-(.N 


Urea  will  also,  like  the  amino-auids,  form  molecular  compounds  with 
salts.  Thus,  if  a  solution  is  evaporated  with  sodium  chloride,  prisms 
of  C0.(Nn,}3JN'&Cl.II,0  cryataUize  out.  Urea  is  decomposed  iato 
aounonium  carhouate  by  an  enzyme,  urease,  found  in  the  Soy  bean,  in 
several  bacteria  and  in  otiier  plant  and  animal  tisRue«. 

Amount. — O'hc  amount  of  urea  secreted  by  tlie  kidneys  per  day 
is  very  variable  and  depends  upon  the  amount  of  protein  in  the  food. 
For  a  person  eating  an  average  diet  ronfAioing  about  ISO  grams  of 
protein  per  day,  the  urea  excretion  will  he  io  the  Deighborhood  oi  30 
grams ;  but  on  a  low  protein,  diet  the  amount  of  urea  is  greatly  reduced, 
Witli  a  diet  coutaiuing  50  grams  of  protein  per  day,  or  8  grams  of 
nitrogen,  tlie  urc-a  will  be  only  about  8  to  10  grama  a  day.  No  eon- 
stitQcnt  of  the  urine  is  more  variable  than  the  area.  Ordinarily,  when 
the  protein  intake  ia  high,  about  90  per  cent  of  the  nitrogen  of  the 
urine  is  in  the  form  of  urea  nitrogen;  but  on  a  low  protein  diet  the 
proportion  of  urea  nitrogen  falU  in  the  urine  to  about  60  per  cent,  of 
tlic  total.  This  is  sliown  in  the  table  on  page  750  taken  from  one  of 
Koltn's  cxpcrimeuta. 

The  explanation  of  tliis  variation  of  urea  with  the  diet  in  that  when 
more  protein  is  eaten  than  is  necessary  to  replace  that  decomposed  in 
tho  vital  processes  in  the  body,  tlie  body  does  not  stftre  the  oxcefls,  since 
there  is  no  provision  for  the  storage  of  an  excess  of  protein,  except  in 
relatively  small  ijuantitios.  Instead  of  storing  tlie  excess,  the  nitrogen 
is  split  off  from  the  aniino-acids,  converted  into  urea  and  excreted, 
wliilc  most  of  the  carbonaf^eoiis  part  of  the  amino-acid  molecule  is  con- 
verted into  glucose,  or  fat,  and  stored  in  that  form.  Ilence,  when  a 
very-  heavy  protein  diet  is  consumed,  the  amount  of  urea  increases 
enormously  and  proportional  to  the  protein  consumption. 

The  fact  that  there  is  only  a  very  limited  storage  of  protein  in  the 
body  is  of  very  great  significance.  It  indicates  that  the  proteins  play 
a  different  rSIe  from  the  fata  and  carbohydrates,  probably  l>ec?auite  the 
proteins  make  part  of  the  living  matter  of  the  cellK.  Tt  is  impossible 
to  increase  viT>'  much  this  vital  matter  without  at  the  same  time  Increas- 
ing  the  surface  of  the  body,  increasing  its  supply  of  oxygen  and  in 
other  ways  providing  for  ita  needs.  Lifclcas  protein  for  storage  evi- 
dently does  not  exist  in  the  body,  except  in  limited  amounts:  for 
example,  in  the  connective  tissue  fibers,  possibly  the  proteins  of  the 
blood,  and  some  other  supporting  tissues. 

Origin  of  the  urea  in  mammals. — Wliat  is  the  origin  of  the  nrca 
found  in  the  urine!  In  what  organ  is  it  formed  1  One  turns  first  to 
the  kidneys.    Do  the  kidneys  form  the  urea  or  do  they  only  excrete  iti 
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A  definite  aos^rer  to  this  question  is  obtained  by  extirpating  tli«  kid- 
ney3  and  exnmining  the  ur4?a  content  Of  the  blood  before  and  after 
extirpation.  If  the  kidneys  are  the  chipf  or  sole  prodocers  of  the  nrea, 
then  there  will  be  no  acciiinulation  of  ur«a  in  tlie  blood  after  the  extir- 
pation of  these  organs;  if,  on  the  other  hand,  they  aimply  excrete  the 
urea  which  is  formed  elsewhere  in  the  body  and  brought  by  the  blood 
to  them,  then  ui'ea  will  accumulate  in  the  blood,  if  there  is  no  other 
organ  which  ran  take  over  the  excretion.  These  experiments  were  tried 
by  TOD  Scliroeder  and  some  other  cxperimcntcfs.  Tboy  showed  that 
there  was  always  an  accumulation  of  urea  in  the  blood  in  cats,  dogs 
and  other  animals  after  kidney  extirpation.  Ikfnmraats  survive  loss  of 
the  kidneys  for  about  three  days.  The  cause  of  death  wliich  ensues  is 
not  yet  certain.    Von  Sctiroeder  and  others  got  the  foUowio;  results : 
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These  experiments  showed  that  iu  the  abseneo  of  the  kidneys  urea 
accumulates  rapidly  iu  the  blood,  and,  up  to  a  certain  point,  the  longer 
the  animal  lives  the  greater  the  accumulation  becomes.  A  similar 
ai-cuntulaliou  has  been  observed  in  biiinaii  buiugs  who  have  bad  anuria 
following  or  accompanying  nephritis.  When  the  kidneys  fail  to  elimi- 
nate urea  and  it  aceumuhitcK  in  the  blond,  the  amounts  iu  tlic  other 
secretions  greatly  increase.  Thus  it  may  crj-stalUite  out  on  the  skin  on 
the  evaporation  of  perspiration;  urcA  goes  also  into  th?  saliva,  and 
particularly  into  the  secretions  of  tlie  duodenum  and  the  intestine, 
since  the  tntcetine  ta  one  of  the  most  important  excretory  oi^ans  of 
the  body.  In  prolonged  diarrhea  or  vomiting  in  nephrectomized  ani- 
mals  the  amount  of  urea  in  the  blood  may  be  conKi<lerably  reduced. 

From  these  ol>servalious  wc  may  conclude  that  the  kidneys  are  not 
the  chief  organs  for  the  prodnctiou  of  urea  and  tliat  it  must  be  formed 
elsewhere  in  the  body. 

It  would  seem  at  first  glaneo  easy  to  solve  a  problem  of  this  sort, 
sinee  it  would  appear  only  noccfisary  to  examine  the  amount  of  urea 
in  the  blood  before  and  after  passing  an  organ  in  order  to  toll  whether 
urea  was  produced  there.    If  the  blood  eoming  away  from  tlie  organ 
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las  raore  uiva  than  that  going  to  it,  it  must  be  formed  in  it.  Actually, 
however,  ibis  mctliod  is  seldom  feasible,  siueo  the  blood  goes  go  rapidly 
throuffb  an  organ  as  to  take  up  at  any  one  passage  a  very  minute  amount 
of  the  substance  sought,  an  amount  (to  amaH  as  to  lie  witliiu  the  limits 
of  expertmcntat  error.  But.  while  the  aojoiint  liiktm  away  {rota  any 
organ  at  any  ouo  circuit  may  be  Nmall,  the  total  for  the  day  may  be 
Nor  can  wii  solve  the  pmblcm  by  simply  analyzing  the  organs 

'and  determining  the  amount  of  urea  they  contain,  concluding  that  the 
organ  with  tho  highest  urea  content  probably  is  the  source  of  the  sab- 

tstance.  In  the  first  place,  the  determination  witli  accuracy  of  minute 
amounts  of  subotances  in  sui^h  an  albuminmiK  fluid  as  the  bhxKl,  or  in 
any  organ,  is  beset  with  matiy  difficulties.  Moreover,  wilh  sticli  a  soluble 
ibslaiice  as  nn-o  which  passes  in  and  out  of  crlls  with  t'Ase,  and  which 

^does  not  apparently  form  a  union  with  the  colloids  of  the  cell,  there  is 
little  accumulation,  the  stnif  being  eicreted  as  rapidly  aa  it  is  produced. 
But  eould  wc  send  the  blood  repeatedly  through  a  single  organ  which 
blood  passing  through  the  organ  again  and  again,  we  may  finally  secure 
a  considerable  accumulation  of  the  metabolic  products  of  that  organ 
the  blood.     This  we  may  do  in  the  following  way  by  pirfiisiont  By 

ttalring  the  still  living  organ  out  of  the  body  and  e-stablishing  through 
it  an  artificial  ctrcidation  of  defibrinated,  warm,  arterial  blood,  the  same 
blood  paiwiiig  through  the  organ  neain  and  again,  wn  may  finally  secure 
BO  great  an  accumulation  in  t,lic  blood  of  any  metabolic  substances  the 
organ  may  form  tliat  their  nature  may  be  deternuned.  For  such  obser- 
vations the  organ  to  bo  examined  is  placed  in  a  warm,  moist  chamber 
and  as  quickly  as  poitsible  aftor  removal  from  the  body  an  artificial 
eirculatiou  of  defibrinated  blood,  whivh  has  been  urterialized  by  shaking 
with  air,  is  wnt  thnmgh  it.  The  blood  is  collected  from  tlie  vein,  shaken 
with  air,  warmed  and  injected  over  and  ovc;r  again,  and  tiiis  is  repeated 
for  many  houni.  We  can,  if  desired,  add  certain  substances  to  the 
blood  and  sec  how  they  arc  affected  in  passing  through  the  organ  and 

rUius  get  an  idea  of  the  chemical  powers  of  the  organ. 

This  method,  which  looks  so  simple,  is  by  no  moans  without  its 
drawbaoks  and  difllculties.  In  the  first  place,  many  organs  withstand 
very  badly  deprivation  ot  their  normal  blood  supply  even  for  so  short 
a  time  as  twenty  minutes.  The  intestiuca  appear  to  be  particularly 
sensitive  in  this  regard,  aiid  tfie  brain  is  also.  A  far  mortt  serious 
trouble  romes  from  ttic  fact  that  the  organs  aru  cut  off  from  the  nenre 
impulses  which  normally  constantly  impinge  upon  its  colls  and  adjust 
the  amount  of  blood  coming  to  each  part  of  tlie  organ  to  the  needs  of 
thoWfart.  h'oT  no  organ  functions  as  a  whole.  Every  glaad  baa 
usually' some  alveoli  in  activity;  some  at  rest.  The  circulation  is 
adjusted  to  the  needs  of  each  alveolus.     The  same  is  true  of  smooth 
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musolo  which  is  i^onstaiitly  acLiro,  such  m  that  of  the  intestine.  The 
fibers  t&kc  turns  working  and  resting,  so  that  at  any  instant  of  time 
Eomo  arc  at  rest,  otlters  at  work.  Now  iu  an  organ  taken  out  of  the 
body,  the  blood  vos&vis,  lui  a  rule,  dilate  and  Ltiere  h  no  vontrol  o£  the 
blood  supply.  The  g'laud  or  other  oi'gan  swells;  it  is  apt  to  become 
a'dotnatouH ;  the  circulation  becomes  smaller  and  smaller  and  linally  stops 
entirely,  or  there  may  be  extravasations  of  blood  into  the  tissue.  It 
has  been  found  advnntaecouH,  also,  to  cause  a  rhythmic  motion  in  the 
perfused  blood  to  imitat*:  aa  nearly  as  possible  the  natural  conditions. 
Then,  too,  dcfibrinated  blood  is  abnormal  btood.  It  is  not  impossible 
that  ouQ  of  the  main  fimctiona  of  the  fibrin  of  the  blood  may  be  to 
regulate  tlio  viai>o«tity  of  the  blocid  in  IIk  passage  ihrotigh  an  organ,  and 
this  reifulation  will  be  lacking  in  the  blood  when  it.  is  defibrinated.  For 
all  theae  reaaous  the  perfusion  method,  which  at  first  glance  proniisea  so 
much  for  the  study  of  tlic  metabolism  of  individual  organs,  is  subject 
to  serious  drawbacks  and  requires  to  be  perfected. 

Witli  all  ita  drawbacka,  however,  the  method  has  thrown  some  light 
on  the  chemical  possibilities  of  many  organs  of  the  body  and  will  no 
doubt  do  far  more  when  it  is  made  a  metliod  of  as  great  precision  as 
it  is  capable  of  being  made.  Perfusion  experiments  have  been  earned 
out  by  TOQ  Suhrueder,  Salomon  and  others  for  the  purpose  of  deter- 
mining tlie  origin  of  the  urea.  T!ie  following  experiment  illustrates 
the  rCiiults  obtained: 

Blooh  Pkb  Ceht.  or  VmA. 

KidOBji    0.O403  0.039 

Unaclra  ..., 0.OU  0.0I3T 

Liver 0.04!  0.0912 

0.0038  ailTT  13  baura  perfusion] 

0.I2S3  |&  haarm         "       ) 

Uver  0.0183  0.02M  (  NotNHJ  CO^  Kd4cd) 

O.OfiD«   i    (NH^JjCOj  uMtAt 

From  these  figures  it  is  soon  that  neither  the  kidneys  nor  tho  mnseles^ 
added  urea  to  the  blood  during  perfusion;  but  llie  liver  did,  and  par- 
ticularly when  ammouium  carbonate  had  been  added  to  tho  blood  before 
perfusion.  Tlie  blood  after  passing  the  liver  is  uniformly  richer  in 
urea  tlian  when  it  entered  it.  Thia  experiment  ahoTra  very  clearly  that 
the  liver  has  the  power  of  forming  urea  and  that  it  is  capable  of  trans- 
forming ammonium  carbonate  into  nrca. 

One  cannot  conclude  from  this  experiment  that  the  other  organs 
hare  not  the  power  of  making  urea.  A  positive  result  is  convincing, 
bnt  a  negative  reeult  may  mean  many  things.  It  might  be,  for  example, 
that  the  liver  happened  to  have  a  larger  amount  of  precursors  of  urea 
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in  it  than  the  other  organs  and  that,  it  the  proper  foreronners  of  uroa 
had  been  added  to  the  blood,  the  other  organs  also  would  be  found  to 
have  this  power  of  urea  formatioD.  As  a  matter  of  fact,  there  is 
reason  for  believing,  as  Vfe  shall  see  in  a  momeDt,  that  other  organs  than 
the  liver  can  make  urea. 

A  second  method  of  attacking  a  problem  of  this  kind,  and  a  vety 
iuportaut  method  in  physiological  chemical  reeearcbf  consists  in  leaving 
the  organ  in  the  body,  but  in  some  way  shunting  the  blood  about  it  so 
that  Tery  little  or  no  blood  enters  the  organ  and  then  examining  the 
subsequent  changes  in  the  composition  of  the  blood,  or  the  excretions 
of  the  body.  For  the  iiver  such  espepimcnts  arc  difficult  to  perform. 
If,  for  example,  the  liver  is  taken  oat  of  the  body  of  a  mammal  it  dies 
in  the  course  of  a  few  hours.  TJie  cause  of  the  death  is  still  unknown 
and  would  probably  well  repay  study.  The  liver  has  a  double  blood 
supply,  getting  arterial  blood  from  the  hepatic  artery  and  venous  blood 
k£ram  the  portal  vein,  which  has  gathered  tiie  blood  from  all  the  intestine 
And  its  glandular  annexes.  About  ouc-tbird  of  the  blood  from  the  liver 
is  estimated  to  go  through  tiie  hepatic  artery,  and  the  other  two-thirds 
, through  the  portal  system.  The  first  question  which  we  will  ask  our- 
'aelves  is:  What  will  be  the  effect  on  the  urea  excretion  of  cutting  off 
the  blood  supply  coming  through  the  portal  veini  This  supply  cannot 
be  cut  off  in  mammals  by  simple  ligature  of  the  vessels  and  have  the 
animals  live  for  more  than  three  or  four  hours.  The  blood  accumulates 
in  the  intestinal  area,  tJiere  being  no  way  for  it  to  get  back  to  the  heart 
It  is  necessary  to  so  arrange  the  blood  vcssl-Is  us  to  send  Ihc  blowl  around 
the  liver  and  back  into  the  circulation.  Such  a  result  can  bo  accom- 
plished by  tho  so-called  Eck  fistula, 

Mck  fitiula.  The  portal  vein  and  the  inferior  vena  cava  run  aid© 
by  side  before  the  former  enters  the  liver.  If  one  makes  a  slit  in  the 
adjoining  sides  of  the  veins  and  sews  together  the  edges  of  tlie  alits, 
tlio  two  veins  are  united  and  tiic  blood  uuii  pa-ss  from  one  to  the  other 
through  tliu  hole,  or  fistula.  Thia  is  called  tlic  Kck  fixtiiln,  frota  its 
inventor.  With  modern  technique  it  is  not  a  very  difficult  operation 
to  perform  in  dogs.  After  the  fistula  is  made  the  portal  vein  beyoud 
tlie  fistula  in  ligatured  and  now  the  blood  from  the  intestinal  region 
no  longer  passes  through  the  liver,  but  crosses  through  the  opening  into 
tlie  inferior  vena  cava  and  back  to  the  heart  through  that  vessel.  Ani- 
mals so  operated  upon  may  live  for  montlis  or  years.  The  liver  still 
has  its  circulation  througli  the  hepatic  artery.  The  resulta  of  this  opera- 
tion ou  the  liver  cells  is  striking,  since  they  shrink  in  size  and  look 
quite  abnormal  under  the  microscope. 

As  a  result  of  this  operation  the  blood  from  the  intestine  no  longer 
is  sabjcpted  to  the  aelion  of  the  liver,  but  passes  directly  to  the  body 
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oaUs  ftnd  to  the  kidneys.  The  oriue  sliould  sIiott  soua  ebangd  in  com- 
pofiitiou.  If  tlie  urea  ih  fonned  in  the  liver  and  iu  the  liTer  aloao  fi'om 
raw  luateriaJs  brought  Crom  the  intestine,  marked  cboDgcs  In  the  excre- 
tious  aboiUd  result  Pawlow  and  Nencki  and  Uahn,  who  early  studied 
this  queatioD,  reported  a  marked  change  iu  the  proportiou  of  urea 
and  ammonia  nitrogen  in  the  urine  as  the  result  of  making  an  Eck 
fistula.  Tliey  r«i'ordcd  the  following  ratios  of  auuuonia  and  nrea  nitro* 
gen  in  various  experiments: 

iUno  or  NH   to  Uhka  a  Doa'a  L'bche. 
Bvfora  tbe  Eok  ftttula  After  tli«  Eck  fistulR 

1  i  73  1  :  33 


There  wa«,  in  other  words,  a  great  decrease  in  the  urea  nitrogen 
and  an  luereaso  In  the  auimoma  nitrogen  of  the  urine.  Tliey  found 
in  tJie  blood  and  uriue  of  their  Eck  do[^  amcnouium  cai'baiuate,  NH^ — 
0 — GO — NUj.  There  seemed,  in  other  words,  to  In-  a  fnilure  of  the 
t>ody  to  convert  ammonium  compounds  and  curbamic  acid  into  urea. 
In  aomo  of  tlie  experiments  the  changes  were  not  80  pronounced  as 
tliose  given  in  the  foregoing  table.  The  operat^l  dogs  when  fed  meat 
seemed  to  be  poisoned.  They  became  excitable,  attempted  to  climb  up 
the  sides  of  the  cageH'  and  showed.  i;ymploms  like  thoee  of  ammonia 
poisoning.  The  following  experiment  (quoted  from  theiw  observers  vill 
illuBtrate  this: 

An  EcV  6stu1a  was  made  in  a  bitch  on  the  23d  of  January,  1892, 
She  weighed  23,674  kilos.  On  March  11  her  weight  wiis  14.1C9  kilos,  a 
loss  of  9  kilos.  She  had  been  on  a  diet  of  bread  and  milk.  On  March 
1  she  was  given  1,200  cc.  o£  milk  and  300  grams  meat  powder.  A 
stage  of  excitation  ensued  on  the  evening  of  this  day;  she  turned  con- 
stantly in  the  cage  and  tried  to  oiimb  up  the  wall  and  bit  objects  near 
her.  She  seemed  to  be  blind.  The  next  day  she  receive<.l  no  meat.  The 
weakness  of  the  muscular  sysl<>m  continued  and  the  nncertain  and 
irrtigtilar  gait.  The  animal  appeared  to  foel  no  pain.  Tn  three  days 
on  a  bread  and  milk  diet  the  pathological  symptoms  disappeared,  but 
on  repeating  tlic  experiment  tlie  animal  died.  The  orine  was  very 
alkaline. 

The  authors  go  on  to  say:  "We  have  observed,  therefore,  An 
undoubted  and  very  characteristic  fact:  dt^s  in  whom  the  blood  has 
been  shunted  around  the  liver  by  means  of  the  Eek  fistxila,  so  that  it 
flows  directly  from  the  intestine  without  going  through  the  Uver,  can- 
not stand  meat  withoat  showing  serious  disturbance  of  the  nervous 
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system  irliich  ma/  often  result  in  death.  It  appeared  from  these 
oxperiiaent5  tluit  one  functioD  of  the  liver  was  to  detoxicate  the  bloody 
to  take  oat  of  it  ammonia  which  if  it  passed  the  liver  would  be  extremely 
hanoful."  These  eipertmeuts  also  indicated,  like  Uioee  of  vod 
£oiiroeder,  that  the  li%-t:r  wa»  the  chiuf  source  of  Ihu  uix'a  of  Uic  uriuu, 
when  the  blood  supply  was  reduced,  urea  ditutnislivd  and  its 
ilace  was  taken  by  the  carbamate  of  aumiouium.  Kck  fistula  dogs  do 
not  always  show  these  symptouui.  Sotuclimi^H  they  live  hearty  and  well 
for  months,  particularly  if  eare  is  taken  to  provide  tliem  with  bones. 
A  diet  of  bread  and  tuilk  is  not  normal  for  a  dog ;  llivy  develop  diarrhea 
on  it.  Dogs  may  live  normally  without  loss  of  weight,  or  ooly  slight 
loss  after  tbc  Eck  fistula  if  fed  bread,  meat  and  bones.  Adhesions 
always  form  in  these  operations,  and  In  Uie  adhesions  small  blood  vessels 
may  grow  into  the  liver  from  the  pancreas  or  intestine,  and  it  is  pos- 
sible that  the  nerves  may  at  times  be  involved  in  the  adhesions  so  that 
the  interpretation  of  reaults  is  not  always  easy.  As  far  as  they  go,  how- 
ever, the  experiments  cited  bear  out  tlie  i-onelusion  tliat  the  liver  forms 
a  good  part  of  the  urca  of  the  body. 

Urea  formation  after  corrosian  of  tke  liver  and  diseese.  If  the  liver 
cells  could  be  iujured,  the  metabolism  might  be  chauged  in  such  a  way 
as  to  throw  some  light  on  the  question  whether  the  liver  is  the  sole 
source  of  the  urea.  The  liver  cells  may  be  thus  damaged  in  various 
ways  cither  by  disease  or  by  the  iujccUou  of  corrosive  or  poisouous  sub- 
stances into  the  bile  ducts.  In  acute  yellow  atrophy  of  the  liver, 
interstitial  hepatitis  and  cirrhosis  of  the  liver,  tliero  is  a  wry  extensive 
degeneration  of  tlie  livtr  ecUs.  In  all  of  these  eases  there  is  a  reduction 
of  the  amount  of  urea  in  the  urine,  and  an  increase  in  tbe  ammonia  eou- 
tent.  The  change,  however,  is  not  so  great  as  one  would  expect  were 
the  liver  tlie  sole  source  of  tlic  urea.  lu  {ihosplioru!i  poisoning  one 
may  have  a  great  increase  in  the  ammonia  and  a  deercasu  in  tlie  urea. 
But  in  all  these  cases  It  is  difHcult  to  distinguish  cause  and  effect.  For 
whenever  tliere  is  a  production  of  acid  in  the  body,  there  is  always  an 
increase  in  the  ammonia  of  the  urine,  even  though  the  liver  cells  ^>e 
intact.  In  p}io>i[)honis  poiiioniug  there  is  such  an  addoflis.  In  acute 
yellow  atrophy  the  uitrugen  of  Die  ammonia  may  amount  to  as  much 
as  70  per  cent,  of  that  of  tlie  urea,  whereas  normally  it  is  not  more 
than  7  per  cent.  Tlii;se  ciperimimts  also  indicate,  then,  that  the  liver 
is  an  important  sourc*  of  urea. 

Experiments  have  also  been  tried  of  giving  ammonium  carbonate 
or  citrate  to  patients  .<4iifFering  from  liver  disease,  but  the  results  have 
not  been  concordant.  It  seems,  however,  that  except  in  the  last  botirs 
of  life  in  such  cases  the  body  is  still  able  to  convert  the  ammonia  thus 
ingested  into  nrea. 
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Experunenta  in  tbe  oorr<i8i(aL  of  th«  Uvcr  by  the  injection  o£  sa1- 
pbuiio  acid  into  Ibo  bilo  ducts  of  dogs  have  been  tried  by  Pick.  The 
liver  cells  are  injured,  but  the  circulation  persists.  Dogs  thus  treated 
remain  apparently  uoniial  for  24  lionrs;  Uiey  then  become  comatose  and 
die  in  some  sir  hours  uiore.  An  analysis  ol  the  urine  of  dogs  thua 
treated  gave  the  following  results: 
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As  a  rulOt  tbe  per  cent,  of  urinary  uitroigeu  aa  ammonia  increased  oftci' 
the  corroaioQ,  but  tiie  difference  vras  not  marlied. 

Extirpatwn.  of  bints'  tivtrs.  Now,  altliough  in  mammals  the  liver 
cannot  be  removed  without  causing  speedy  death,  nor  can  the  Uvcr  cells 
be  killed  with  sudieient  accuracy  to  yield  sharp  and  certain  results, 
it  is  possible  in  birds  and  reptiles  to  remove  the  liver  without  leading 
to  the  immediate  death  of  the  animal.  It  happens  that  in  birds  there 
is  4  couuectton  between  tlie  portal  and  the  ruual  circulation  ao  tliat 
blood  can  go  back  to  the  cirtiulatiou  from  tlic  intestine  aft^r  removal 
of  the  liver.  Gccsc  thua  operated  rpon  recover  very  quickly.  They 
set  at  once  to  smootli  tlieir  feathers  and  cat  readily.  After  fifteen  to 
twenty  hours,  however,  or  even  earlier,  symptoms  of  serious  trouble  set 
in.  The  animals  stagger,  become  comatose  and  soon  die.  They  live  long 
enough,  however,  to  answer  the  question  as  to  what  happens  to  thu 
mctjibolism  when  the  liver  is  gone.  In  birds  and  reptiles  the  urea  of 
the  urine  is  ri^placi-d  by  uric  acid.  Tiieru  i.s  a  very  small  amount  of 
area  excreted,  but  the  urine  consists  of  damp  masses  of  trrj-stallizcd 
urates.  It  has  been  shown  by  other  ob8or\'cr8  that  the  uric  aclJ  of  birds 
is  formed  from  the  same  substances  as  the  urea  of  the  mammal.  Tbtis, 
if  urea  is  fed  to  birds,  it  is  excreted  in  tlie  form  of  uric  acid.  Ammonium 
compounds  also  are  formed  into  uric  acid.  The  uric  acid  of  birds  is, 
then,  fairly  eorameiisurate  in  melaboliRm  with  the  urea  of  the  marmnal, 
and  presumably  it  is  formed  by  the  same  organ.s  of  the  body.  Minkowski 
extirpated  the  livers  of  geese  and  studied  the  changes  produced  in  the 
urine  with  the  following  result: 

UrloAcUN  AiumnnltN 

Before «0-70  10-18 

After .        3fl  *S1S0 

Boforfl SO 
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From  the  results  of  these  experiments  it  is  seen  that  after  removal 
of  the  liver  from  birds,  uric  acid  disappears  from  the  urine  to  a  small 
remnant  and  is  replaced  by  ammonia.  The  small  amount  of  uric  acid 
which  appears  after  the  extirpation  may  be  the  residue  which  had 
aceumolated  in  the  body  and  is  slowly  eseroted.  There  is  no  doubt, 
from  this  experiment,  that  uric  acid  ia  formed  in  the  bird's  liver  and 
not  elsewhere  in  the  body  in  any  amount.  Since  the  urie  acid  of  birds 
clearly  corresponds  to  tl^ie  urea  of  mammals,  this  ia  an  additional  indi- 
cation of  urea  formation  by  the  liver. 

Olker  souTMs  of  urea.  The  Uvor  is  not  the  only  source  of  the  area, 
however,  for  dogs  liaving  an  Kch  fistula  and  with  the  hepatic  artery 
ligated  still  have  the  power  of  increasing  their  urea  output  when  amino- 
acids  are  injected  under  the  skin  (S.  A.  Matthews).  Some  of  the  other 
organs,  perhaps  all  of  them,  certainly  have  the  power  in  these  animals 
of  forming  urea.  Nevertheless,  the  evidence  is  tliat  tlie  Hver  is  the  maia 
source  of  the  urea  of  tlie  urine. 

The  precursors  of  urea. — ^From  what  substances,  then,  is  urea 
formedf  In  the  first  instance  it  is  undoubtedly  formed  from  ammonia. 
Not  only  does  ammonia  appear  in  the  urine  in  larger  amounts  than 
normal  in  the  total  or  partial  absence  of  the  liver,  but  direct  deter- 
mination of  the  ammonia  of  the  blood  before  and  after  passing  the  Uver 
shews  that  this  substance  is  removed  from  the  blood  by  this  organ.  It 
will  be  remembered  that  in  the  course  of  protein  absorption  and  diges- 
tion some  ammonia  is  split  from  the  proteins.  A  part  of  this  ammonia 
is  split  from  the  amide  linkings  of  the  proteins  during  digestion  and 
by  the  acition  of  the  bacteria  in  the  intestine;  a  part  ia  formed  from 
the  partial  dcamidization  of  the  amino-acids  during  the  process  of 
absorption ;  still  another  portion  may  arise  in  tlie  liver  iUicIf  by  tlic 
action  of  the  deamidiziug  enzymes  which  probably  occur  there.  The 
blood  of  the  portal  vein  is  rich  in  ammonia.  This  ammonia  comes  in 
part  from  the  intestine  and  in  part  from  the  pancreas,  which  also  has 
a  very  large  amount  of  ammonia  iu  it.  The  ri-Iatlve  amounts  of 
ammonia  in  blood  of  the  portal  and  hepatic  veins  are  shown  in  the 
following  table: 


Uos.  NH.  rcB  100  Gbamb  Bi.ood.    (Pawlow,  Nmcki,  Sleber.) 

II  (mute  T*tn 
l.fi 


furuil  luin 
3.B 
S.4 

IS.0 


LI 
1.9 

t.8 


The  amount  of  ammonia  in  the  portal  blood  is  very  much  more 
that  in  the  hepatic  blood,  showing  that  the  liver  removes  ammonia 
the  blood. 


MS 


PHYSIOLOGICAL  aiEUISTRY 


Vftrioufi  tissues  had  the  following  amounts  of  ammonia  in  mgs.  per 
100  grams  of  Uesh  tissue : 


liRwilnf 

eionuch 

IlitMtiiial 

Sidiniirli 

Ui«i* 

llaKk 

Uia 

MuniM 

niucoM 

tvutcliti 

CUUICUtB 

I'sacrniB 

1.1 

0£ 

1!£.B 

23 

37.1 

42.0 

10.4 

S.8 

18.4 

21.2 

4a.» 

43.i 

22.4 

1I.D 

T.V 

4L7 

S2.!! 

40,2 

24.3 

IS 

Tha  vary  high  flgures  for  the  mucosa  of  the  stomach  will  be  noticed. 
It  always  contains  more  than  the  contents.    The  intestinal  uouteuts  gvu 
crally  have  more  ammonia  than  the  muco^.    Bluod  from  various  parts 
of  the  body  had  the  foUowing  aiuount£  of  ammonia: 

Uqh.  AuHOtiiA  tn  100  Oeaub  or  Blood  qb  OBa.u<. 
Uop«>i«  voln  P«rUI  vain  PkuaiMlIc  tela  Lt'n  gUinuMh  niwoM 

1.8  4.0  as  12.2  44.9 

1.K  3.6  0.26  13.7  31.8 

The  carotid  artery  blood  oE  a  dog  on  a  mcjLt  diet  contains  1.5  mgs.^ 
of  ammonia  per  lUU  grains  of  blood.    On  fasting  it  may  fall  to  0.38 
ingB. 

Kencki,  Sieber  and  Pawlow  conclude  their  article  with  the  following 
words:  "  The  liver  is,  therefore,  the  true  guardian  of  the  oi^^aniBm, 
which  changes  the  poisonous  substances  coming  from  the  alimentary 
canal  into  banulesa  substancea;  since  that  whicli  is  true  of  ammonia 
may  be  assumed  to  be  tmo  also  for  the  substituted  smmonioa,  such 
as  various  plant  alkaloids,  bacterial  poisons,  cte." 

From  the  foregoing  it.  is  apparent  that  all  the  organs  contain  more 
ammonia  than  the  blood.  A  part  of  the  nitrogen  probably  escapes  from 
them  in  this  form  to  the  blood.  Experiments  show  that  when  the 
ammonium  salts  of  organic  acids  are  fed  to  auiruals  tboy  increase  the 
urea  excretion.  But  ammonia  is  not  the  only  substance  which  con 
serve  as  a  precursor  of  urea.  The  same  ts  true  of  auy  amiuo-acid  and 
many  other  substances  which  contain  amino  nitrogen.  The  following 
results  were  obtained  by  von  Knicrem  in  the  excretion  of  uric  add  in 
hens  when  they  were  on  a  constant  diet  and  fed  an  additional  ration 
of  various  substances  showu  in  the  table : 


SslMUftM  adiUd  to  UMdtM 


Ditt  Bcm  auMod  l«  itrun* 


Hotoi* 


JLtleraMl^toaM 


Aajwrtic  sold 
Otyooooil   — 

LeucDiM   

NHCI   

NiO.SO.  ... 


a7801 

0.»«73 

I.3»12 

1.001 

I.89D0 

I.I40 


2.4S8S 

1.S0IO 

1.6882 

1.190 
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Veiy  closely  similar  results  were  recorded  by  Schxilzen  and  Nencki 
after  feeding  dogs  glycocoll  or  leucine.  The  nrea  excreted  rose  from 
3.6  erama  per  day  lo  8.3  grams  per  day  after  glycocoU  was  fed  -,  a  similar 
ri«  occurred  with  tyrosine  and  ammonium  carbonate  and  formate. 

Another  precursor  of  urea  in  the  mammal  is  arginine.  This  amino- 
aeid  may  be  split  by  an  enzyme,  ai^nase,  found  in  the  liver  and  intes- 
tine, but  not  in  muscle,  Into  urea  and  omitliine. 


NH 


Arginine. 


NHj— CO    +     NH^CH,— CHj— CH,— Cmra^— OOOH 


I 
NH. 


Urn. 


Oinilhiae. 


In  fiomv  animals,  too,  although  it  in  doubtful  whelliur  it  occurs  iu  man, 
there  is  an  oxidutiuu  uud  hydrolysis  of  uric  acid  to  urea.  This  ia 
probably,  If  it  oucurs,  au  unimportant  source  of  human  urea. 

Summarif.  £u  the  procetis  of  digestion  aud  alisorplion  of  protein 
food  large  amounts  of  ammonia  are  set  free.  This  ammonia  is  liberated 
in  part  as  the  result  of  the  action  of  the  enzymes  uf  the  digestive  juices; 
in  part  by  Ihu  action  ol:  Uie  bacteria  in  tlic  intestine,  ami  iu  piirL,  during 
the  process  of  absorption,  from  the  amino-acids  of  the  proteins  of  tliu 
food.  The  ammonia  thus  liberated  uccumululca  in  tho  mucoua  mem- 
brane of  the  stomach  and  intestine,  whence  it  is  gradually  removed  by 
the  blood  and  carried  to  the  liver  in  the  portal  blood.  The  liver  con- 
verts at  least  part  of  it  into  urea  and  the  kidnc-y  eliminates  it  from 
the  body.  Auotlier  portion  of  ammonia  is  set  free  in  the  liver  itself 
from  the  decomposition  of  the  amino-acids  brought  to  that  organ  iu 
the  portal  blood,  and  the  carbon  moieties  of  tho«e  molecules  are  converted 
in  part  into  glucose  and  glycogen.  A  relatively  lar^  fraction  of  the 
nitrogen  of  the  food  thus  never  becomes  part  of  the  living  protein  of  the 
body  at  all,  but  is  converted  into  urea  and  tLrowu  out  of  the  body.  On 
a  meat  diet  the  amount  of  nitrogen  thus  converted  into  urea,  so  called 
aapcrfluous  nitrogen,  is  relatively  large.  It  is  not  cci'tain  Ju^t  hove 
large  it  is,  but  it  probably  is  at  least  a  third  of  all  the  nitrogen  in  tlie 
urea,  since  on  fasting  the  urea  drops  at  onee  to  about  two-thirds  its 
former  value.  Certainly  with  an  output  of  33  grams  of  urea  per  day 
this  digestive  nitrogen  will  represent  at  least  teu  groius  of  urea. 

But  this  is  not  the  only  origin  of  the  area.  The  tissues  are  abso 
capable  of  tearing  their  protein  to  pieces  and  deamidiKing  Utc  amino- 
acids.  For  example,  if  a  muscle  has  not  a  sufficient  amount  of  carbo- 
hydrate to  supply  its  energy,  it  will  tear  its  protein  to  pieces  to  get 
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the  energy.  This  U  alwajs  aceompanied  by  a  process  of  oxidation  which 
forms  a  ketouic  acid  from  thv  amino-acid  aud  auiuiuuia  ia  set  tree  in  the 
way  mentioned  on  pago  123.  Lactic  acid  itt  formed  in  muBi:lc8  during 
their  work;  some  anuaouia  probably  escapes  from  Uio  mu&ultis  in  the 
form  of  ammonium  lai^tate  and  this  is  in  part  made  into  urea.  The 
cndogeoous  urea  has,  thcrofore,  a  very  varied  origin,  coming  from  the 
difiTerout  oi-gaus  iu  the  form  of  a  variuly  of  uitrogeaouK  subtiLauocs  which 
arc  somewhiin!,  puuiilly  iu  Ihu  liwr,  made  iu  part  iuto  tirea.  Even  on 
the  minimum  protein  diet  of  only  three  or  four  grams  of  nitrogen  intake 
per  day  the  urea  still  makes  60  per  cent,  or  more  of  the  total  nitrogen 
in  the  urino. 

it  is  a  very  interesting  obacn-ation  tiiat  when  large  amounts  of  benzoic 
acid  arc  fed  to  animals  the  excretion  of  urea  is  reduced  and  iu  place 
of  the  urea  there  appears  the  glycocoll  of  hippuric  acid-  Now  the  fact 
that  under  these  eircumstauces  glycoeoU  takes  Uie  place  of  urea  has 
led  some  to  Uiiuk  that  puKsibly  ammonia  is  synthesized  into  glycoeoU 
normally  before  it  goes  iuto  urea.  This  Is  not  at  all  improbable. 
Olyoxal,  COn.COU,  and  glycol  aldehyde,  Cn,OH.COH,  ar^  probably 
fcHnoed  in  the  di^omposition  of  the  carbohydrates.  With  the  former 
anuoMiia  will  condense  as  follows  to  form  glycocoll : 
H— CkO  H— 0  =  NII 


I 

n--G  =  o 


(     NH 


H— C  =  NB 

I  i    +    H,    = 

O0.0H 


H 


+   0   = 


KB_ 


COOH 
Gljeooall. 

Other  processes  which  may  lead  to  the  formation  of  the  urea  have, 
liovever,  been  suggested.  Drcchscl  suggested  that  it  is  formed  in  part 
from  ammonium  carbamate  by  an  alternate  oxidation  and  reduction 
and  he  synthesized  it  in  this  manner  by  means  of  a  very  rapidly  alter- 
nating electrical  current. 


1.  KH^— 0— C-^era^    +    0    =    KH^— O— COJTH, 

2.  KH^O-OO.NH^    +    Rj    =    NH^— O-NH^ 

O 

Vnt. 

Salkowski  has  suggested  that  it  Is  formed  by  the  transformation 
cyanamido: 

NBj— C  =  K    -\.     HjO     =     NH^— CO.NU^ 
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It  is  probable  that  it  originates  in  a  number  of  different  nays,  and 
in  other  tissues  as  well  as  th«  liver. 

Physiological  action  of  urea.  Urea  has  several  quite  important 
physiological  aetioiiK.  In  the  first  place,  it  is  a  natural  diuretic  and 
whenever  tliere  is  an  increase  in  the  urea  excretion  there  is  always,  other 
things  being  e()ual,  an  increase  in  the  amount  of  urine.  A  person  on  a 
heavy  protein  diet  will  excrete  per  day  between  1,000  and  2.000  cc. 
of  urine,  except  in  very  hot  weather,  when  there  is  a  great  loss  of 
water  through  the  skin.  On  the  other  hand,  a  person  having  a  smal] 
iDtake  of  protein,  and  so  a  small  excretion  of  urea,  will  accrete  not  more 
than  300-600  c.c.  per  day.  When  one  observes  in  a  patient  a  small 
secretjon  of  urine,  it  is  always  desirable  to  inquire  into  the  nature  of 
the  diet  before  concludiDg  that  the  kidneys  need  stimulating  and  giving 
a  diuretic.  Many  people  secrete  this  small  amount  of  urine  for  years 
without  any  indieatioa  of  ursniia  or  other  aymptomg  indicative  of 
abnormal  secretion.  Whether  there  is  any  advantage  in  a  low  or  a 
high  secretion  of  urine  has  not  yet  been  dcterniinc<l.  It  is  possible 
that  by  stimulating  the  acerctton  of  the  urine  the  drinking  of  more 
vatcr  results  and  a  kind  of  catharsis  of  the  cells  of  the  body  might  ha 
produced  which  might  be  either  advantageous  or  disadvantageous  to 
them. 

Urea  has  also  a  very  definite  function  in  tlie  cells  of  the  elasmobranch 
6.sheK  and  pnssthly  in  the  mammalia  also.  It  Ls  one  of  the  normal  con- 
stituents of  the  cell  and  of  the  blood  and  other  fluids  of  the  body,  and 
since  these  cells  have  for  long  years  of  time  been  selected  to  work  with 
the  highest  degree  of  efficiency  in  this  urea-containing  medium,  it  is 
found  that  the  addition  of  a  little  urea  to  artificial  perfusion  solutions, 
when  one  is  perfusing  the  heart  or  other  organs,  is  as  a  rule  advan- 
tageoas.  The  effect  of  sueli  an  addition  to  the  salt  solutions  used  to 
sustain  the  heart-beat  of  fishes,  both  teleoets  and  elasmobranchs,  is  very 
marked.  Tis-siies  live  much  longer  in  the  presence  of  some  urea  than 
in  its  absence.  The  effect  on  mammalia  is  much  less  marked,  since  the 
amoimt  of  urea  in  the  blood  of  mammals  is  very  small,  .02-.04  per  cent. 
The  effect  produced  by  the  addition  of  urea  to  the  artificial  salt  solu* 
tions  in  tlic  elasmobranchs  is  that  of  a  stimulation  and  the  same  effect 
may  be  produced  by  the  addition  of  small  amounts  of  ammonium  car- 
bonate. It  is  possible  that  in  these  animals  there  may  be  some  conversion 
of  urea  into  ammonium  carbonate,  or  vice  versa,  and  the  effect  may  he 
due  to  the  action  of  the  ammonium  carbonate  in  neutralizing  acids. 
Urea  is  not,  then,  entirely  inert. 

Creatine  and  creatinine  in  the  urine. — One  of  the  most  interesting 
of  the  nitrogenous  substances  found  in  urine  is  creatine  and  its  aahy- 
dride,  creatinine,  creatine  being  methyl -guanidine  acetic  acid.    In  the 
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urine  of  the  average  human  adult  tiiere  is  present  between  0.8  and  2 
grams  of  creatinine  a  day.  Creatine  occurs  in  the  urine  of  healthy  men 
only  in  very  small  amounts,  or  it  may  be  entirely  absent  if  no  creatine 
is  taken  in  the  food,  but  it  is  found  in  larger  quantities  in  the  urine  of 
women  and  children  even  when  they  are  taking  no  creatine  in  the  food, 
and  in  men's  urine  the  amount  is  increased  by  f fisting  and  in  disease. 
Both  creatine  and  creatinine  occur  in  the  urine  of  other  mammals. 
The  amount  of  creatinine  excreted  daily  by  human  beings  varies  with 
the  weight,  muscular  development,  state  of  health,  sex  and  age,  and 
slightly  with  the  creatinine  and  creatine  intake,  hut  is  almost  or  quite 
independent  of  the  protein  intake  of  the  body.  These  facts  show  that 
creatine  and  creatinine  have  a  very  different  significance  from  urea 
and  that  they  stand  in  a  very  special  relation  to  the  fundamental 
metabolism  of  the  body. 

Chemistry.    Creatine.    Creatine  is  methyl-guanidine-acetic  acid  and 
has  the  formula  C^HgNgO,  or: 

NH  — O    — N    — CH  — C— OH 

'    II       I  It 

NH    CH^  0 

Creatinine  is  the  anhydride  of  this:  i.e.,  C.HjNjO,  or 

NH— CO 

I        I 
NH^C        I 

I  I 

CH  N  — cir 

a  3 

Creatine  is  thus  related  on  the  one  ham]  to  argiaiiie,  which  is 
rf -guanidine-'f-ainino-valerianic  acid;  from  wliicli  it  might  possibly  be 
derived  by  oxidation  and  methylation ;  and  on  the  other  hand  creatinine 
may  be  regarded  as  an  imidazole  derivative.  It  is  thus  allied  to  histidine 
and  to  the  purines,  both  of  whicli  contain  imidazole  rings.  Creatine  may 
also  be  considered  as  a  ureide  of  methyl  glycocoU  (amiuo-acetic  acid), 
or  sarcosine,  which  relates  it  to  the  beta'ines,  methylated  glycocoU 
derivatives  found  in  many  plants  and  represented  in  an  extreme  form 
of  methylation  by  choline  in  animals.  Creatine  is  also  mothyl-glyco- 
cyaraine,  glycoeyamine  being  giianidine-aeetic  acid.  It  may  be  syn- 
thesized with  great  ease  by  the  direct  union  of  eyanamide,  NHj.CN, 
with  methyl -araino-acetic  acid,  or  sarcosine.  If  a  strong  aqueous  solu- 
tion of  amiuo-acetic  acid  and  eyanamide  is  made  slightly  ammoniacal 
at  room  temperature,  glycoeyamine  crystallizes  out.  The  reaction  is  as 
follows : 

NH  .CN     +     HN.CH— coon     —     NH  — C(  =  NH)— NH— CH  — COOH 
CfaD&mide.  GlycocoU.  OlycocjamiDe. 
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The  same  reaction  carried  out  with  nieUiyl-amJno-aeetio  acid  grives 
cresttue. 

nHj.cn  +  HN(cn^)— cn^— cooH^— 

NHj— C   (  =  NH1— N(CH^>— CHj— COOH 
Creatine. 

It  will  be  noticed  that  cyan&mide  is  an  anhydride  urea  and  can  "be 
prepared  from  area  by  the  action  of  sodium ;  and  cyanamtde  yields  urea 
when  treated  witb  50  per  cent,  sulphuric  acid.  It  would  seem  possible 
that  urea  might  give  a  similar  synthesis  witb  amino-acetio  acid: 


NH^— CO— NHj 


a.  NH,-C  =  NII 


+ 


-      KHj— C  =  NH 

on 

KlKCU^l— CH^— COOU  = 

Sanmiw. 


OH 


Ur 


NHj— C<=  NH)— N(CH  t— CHj— coon  +  n^0 
Cr«ttli». 

It  is  by  no  tncans  impossihie  that  small  quantities  of  cyananiidc  raay 
bo  prciwnt  in  area  solutiona  and  Ihis  syntJiesis  is  one  whioh  might  pos- 
sibly occur  in  the  body  where  both  urea  nnd  sHreosine  are  lo  be  found. 

Creatine  is  a  colorless,  bitter,  biting  substance  crystallir-ing  in 
rhombic  prisms  witb  one  molecule  of  water,  whtcb  is  lost  by  heating 
to  100'.  the  crystals  then  becoming  white  and  opaque.  It  dissolves  in 
74.4  parts  of  water  at  18',  hut  ift  much  more  soluble  in  hot  water,  almost 
insolnblc  in  alcohol  and  insoluble  in  ether.  Its  aqueous  solutions  arc 
neutral  in  reaction.  It  occurs  not  only  in  the  urine,  but  in  most  oi^ans 
and  especially  in  the  rolnntary  and  involuntary  ransclc  of  vcrtebrntea 
and  some  invertebrates.  It  has  been  isolated  also  from  the  blood,  brain, 
liver,  testis,  transudates  ami  the  amniotic  fluid.  It  has  a  stimulating 
action  on  the  central  nervous  system,  and  methyl-guanidine,  one  of  its 
decomposition  products,  in  very  toxic. 

By  hydrolysis  with  boiling  barium  hydrate  creatine  yields  racthyl- 
hydantoic  acid,  urea,  methyl- am ino-acelio  acid  and  carbon  dioxido. 
Probably  it  forms  first  by  hydrolysis  of  an  amino  group  the  intermedidry 
substance,  HO— C(=Nn)— NCCH,)— CH,— COOII,  which  by  molecu- 
lar rearrangement  is  transformed  into  motliyl-hydantotc  acid,  NH, — 
CO— N(CH,)— CHj— COOH.  By  oxidation  by  permanganate  or  hydro- 
gen peroxide  it  fonns  urea  and  methyl-amino-acetJe  acid,  or  saroosine. 
Arginosc  doc«  not  decompose  it.  By  boiling  with  mercuric  oxide  It 
reduces  the  latter  to  mfilallic  merairy  and  the  creatine  is  oxidirajd  to 
methyl -gii  an  id  ine  and  oxalic  acid.  Creatine  hns,  therefore,  fwme  reduc- 
ing action,  but  it  ia  far  leas  marked  than  that  of  creatinine.    It  is  pre- 
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cipitated  in  n«Titra]  solution  by  mereurie  nitrate.  It  is  not  precipitated 
by  cadmitun  chloride,  phosphotiingstic  acid,  or  by  lead  acetate.  For- 
maldehyde converts  creatine  to  diosymethylene  creatinine. 

Creaiinine.  Creatine  goes  over  spontaneously  into  its  anhydride 
form  of  creatinine,  Uie  reaction  being  similar  to  tbe  transformation  of 
glycocyaminc  to  glycocyamidine. 

NH,— C(=NH)— N{CHj]— Cn,-00OB    — -     NH— 00 

NH=0     1       4-    HO 


-l 


CH^— N— CH^ 


I 


This  reaction  is  basti.>-jiod  by  various  tissue  extracts,  but  it  occurs  if 
an  aqueous  solution  of  the  creatine  is  boiled,  or  by  the  action  of  acid. 
A  solution  of  creatine  in  half-normal  hydrochloric  acid  boated  in  an 
•atoelave  for  30  minutes  to  117'  goes  over  almost  quantitatively  into 
creatinine  (Benedict).  The  qmthcsis  of  creatinine  from  creatine  is  a 
synthesis  of  an  amino  and  carboxyt  group  similar  to  the  synthesis  of  a 
polypepUde  from  the  amioo-acids.  The  power  of  making  such  syntheses 
is  an  attribute  of  all  living  matter  without  exception.  This  synthesis  is 
also  instructive  as  illustrating  the  formaUoD  of  a  ring  compound  from 
an  alipliatic.  A  similar  synthesis,  that  of  proline  from  glutamic  acid, 
has  already  been  diBCosscd  on  page  124.  In  the  latter  case  there  ia  the 
formation  of  the  pyrrollidinc  ring  from  glutamic  acid  by  a  union  of  a 
earboxyl  and  amino  group,  followed  by  the  reduction  of  the  ring  which 
thns  Is  rendered  stable.  The  proline  ring,  like  that  of  glycocyamidine, 
fa  also  often  methylated  to  form  alkoloids  of  the  type  of  stachydrine. 


^-CO 


St&ahydriiw, 
wliich  occur  in  plants.  Whether  it  is  possible  to  reduce  the  creatinine 
ring  in  the  body  to  form  the  imidazole  ring  is  still  unknown.  The 
creatinine  ring  being  thus  an  oxidised  ring  is  unstable  and  creatinine 
in  an  alkaline  solution  is  less  stable  than  creatine  from  which  It  la 
derived. 

Creatinine  crystalliEcs  in  colorless,  monoclinic  prismatic  crystals. 
It  is  readily  soluble  in  water.  It  forms  with  zinc  chloride  a  g(*od  crya- 
talliidng,  not  very  soluble  compound  by  which  it  may  be  identified, 
{C,H;N,0)^nCl,.  It  ia  a  strong  base,  the  aqueous  solution  being  alka- 
line; stable  in  acid  solution,  hut  not  in  alkaline.  It  is  a  reducing  sub- 
stance, reducing  alkaline  solutions  of  copper,  silver  and  mercuric  salts, 
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bat  not  reducing  bismuth  oxide.    It  redaoea  picric  acid  to  the  reddish           1 
picramic  acid  in  alkaline  solution,  and  it  is  d«t«rmiD€d  quaotitatively          M 
colorimctrically  by  means  of  this  re&clioiL    See  page  962.                         ^H 

Origin  and  significance  of  the  creatine  and  ereatminc  of  thit  xtrine.      ^ 
The  origin  and  significance  of  the  one  or  two  grams  of  creatioioe  and 
the  few  miUigrams  of  creatine  secreted  daily  have  been  keenly  inves* 
tigated  of  recent  years,  but  have  not  yet  been  brought  to  a  complete 
solution.    Creatine  is  found  in  a  i^reat  many  organs  of  the  body.    It 
was  discovered  by  Liebig  as  a  constant  constituent  of  voluntary  muscle. 
It  and  creatinine  are  fonnd  in  Liebig 's  beef  extract,  there  being  usually 
about  twice  as  much  creatine  in  it  as  of  creatinine.    Becent  nnnlyscs  by 
Bokcr  have  yielded  the  iigiires  sliowu  in  the  table.                                          ^^M 

AMOonre  op  Cbeatikb  aki>  CsiiATtKtiiB  Fomn  nr  Varioitb  Anuiau.             ^^m 
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A  fandamental  and  significant  fact  concerning  the  nxcrction  of 
creatine  and  creatinine  is  that  tlie  amount  of  these  excreted  in  the  urine 
per  day  ia  iodependenl  of  the  amount  of  protein  taken  in  the  food  aod 
is  woQdcrfoUy  constaut  for  each  individual.  This  fundamental  obser- 
vation by  Folin  hae  bceo  the  starting  point  of  the  modern  investiga- 
tion of  these  substaneeg.  It  shows  elcarty  that  creatinine  has  a  different 
aignificauce  in  metabolism  from  area,  of  which  the  excretion  varies 
directly  with  the  protein  intake.  A  second  fundamental  fact  is  that 
the  excretion  of  creatine  and  creatinine  in  adult  men  is  almost  inde- 
pendent  of  the  creatine  intake,  and  that  creatinine  taken  in  the  food 
appears  in  large  measure  in  the  urine  as  such.  The  third  fact  is  that 
age,  sex,  state  of  health  and  starvation  profoundly  affect  the  excretion 
of  these  bodies,  and  the  amount  of  creatinine  excreted  varies  directly 
with  the  weight  of  tlie  body — at  least  within  certain  limitations  this  is 
true.  The  significance  of  this  latter  fact  will  be  apparent  if  it  be 
remembered  that  nothing  of  the  sort  is  true  of  urea,  since  a  very  small 
person,  if  he  eats  much  meat,  may  excrete  more  urea  than  a  large  ono 
on  a  more  restricted  diet.  These  facts  show  that  creatine  and  creatinine 
are  products  of  the  endogenous  metabolism  of  the  body. 

That  the  excretion  of  creatinine  in  male  adults  is  independent  of  the 
amount  of  the  protein  ingested  is  shown  by  the  following  observations 
by  Kolin.  The  figures  represent  the  excretion  of  an  individual  on  two 
occasions,  once  when  on  an  ordinary  protein  diet  containing  about  120 
grams  of  protein  per  day;  and  the  other  time  on  a  restricted  protein 
diet  when  only  about  20  grams  of  protein  are  ingested. 

C*<mI  protola  EnUk*  LDW|ir«l*ln  Intake 

Vol  at  urine  UTO  3flS      c.o. 

Total  N    ,...        16.3  S.OOgr. 

Vnm  it  H.7  iSfl 

Cwatininc  N  ,,....  |       0.88  { 3.«0*6 J  0.00(17.2% 

The  creatinine  excretion  remained  ()raclically  the  same,  although  the 
protein  was  reduced  so  enormously.  The  contrast  with  the  urea  excre- 
tion is  profound.  The  creatinine  nitrogen  made  ia  the  one  case  3.G 
per  cent,  of  total  nitrogen;  and  17.2  per  cent,  in  the  other. 

But,  while  the  total  amount  of  creatinine  secreted  is  independent  of 
the  protein  intake,  it  is  closely  dependent  on  the  bodyweight  and  chiefly 
upon  the  muscular  development  of  the  body,  although  other  factors 
affect  it  also.  The  average  creatinine  excretion  of  Dr.  H.,  weighing 
87  kilos,  was  l.d  gram:  Dr.  A.,  weighing  56  hs,.  eliminated  1.15  gram: 
and  P.,  who  weighed  70  kg.,  but  is  rather  short  and  corpulent,  excretrd 
1.4  gram.  The  analytical  data  indicate  that  moderately  corpulent  per- 
sona (adults)  eliminate  per  24  hours  about  20  mgs.  creatinine  per  kilo 
bodyweight;  while  lean  persons  yield  about  26  mgs.  per  kilo.  The  num- 
ber of  milligrams  of  creatinine  excreted  in  24  hours  per  kilo  hodyweight 
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LI  called  tfac  crcaiinine  coefficient.  SoinctimcB  the  term  is  applied  to 
the  rainigrams  of  creatinine  nitrogen  per  kilw  bodywcighl.  Shaffer 
found  that  the  croatioino  coeffirient  in  the  latter  sense  had  a  value  oC 
between  8.111;  for  children  it  usually  lies  between  3.3  ond  6.5. 

But  while  the  creatinine  excretion  ia  iudopondcnt  of  the  protein  of 
the  food  it  18  affeeled  hy  the  intalce  of  creatine  or  croatiuine.  The 
ingestion  of  creatinine  is  followed  by  tlie  reappearance  of  most  of  it 
in  the  urine.  The  following  fi^nircs  from  BhafTer  show  botli  how  con- 
stant the  creatinine  excretion  is  from  hour  to  hour  and  how  it  is 
increaficd  by  the  ingestion  of  crcntinine.  The  urine  was  passed  each 
two  hours.  The  average  excretion  in  grania  of  creatinine  per  hoar  in 
successive  two-hour  periods  was  as  follows :  .086 ;  .062 ;  .057 ;  .065 ;  .068. 
Fmm  6.30  to  12  at  night  the  average  was  .053 ;  from  12  to  9  a.m.,  while 
sleeping,  it  was  .056;  from  9  to  11.15  a.h.  it  was  .062.  The  amount, 
therefore,  is  less  at  night  than  En  the  daytime.  Creatinine  doea  not 
Uien  undergo  the  wide  hourly  variation  which  nric  acid  docs.  At  10.40 
A.M.,  while  his  hourly  excretion  was  .067  gr.  per  hour,  he  toolc  250 
C.C.  of  water  containing  0.70  gram  of  pnro  croatininc.  From  10.15- 
11.15  tlie  hourly  excretion  of  creatiuine  rose  to  .084;  11.15-12.15  it  waa 
.174;  12.15-2.15,  .138;  2.15-5.15,  .101;  6.15-12.06  A.M.,  .084;  12.06-7.20 
A.u.  it  was  .073.  In  (his  experimt-nt  76  per  oent.  of  the  ingested 
crcalininu  had  been  excreted  in  21  hours. 

The  ingestion  of  creatine  leads  to  a  very  small  increase  in  the 
i-rrntinino  and  is  genfirHtly,  hut  not  always,  followed  by  the  excretion 
of  a  small  amount  of  creatine.  This  point  ha.s  been  the  subject  of  a 
good  deal  of  controvert.  Pol  in  made  the  cxtraordinai-j-  observation 
that  ingested  creatine  did  not  increase  either  the  creatinine,  creatine 
or  total  nitrogen  of  the  urine.  The  creatine  disappeared  and  he  believed 
it  lo  be  metabolized  in  tJie  body  and  retained  there.  It  was  afterwards 
suggested  by  Mellarihy  that  it  had  been  retained  by  the  bacteria  of  the 
intestine  and  he  isolated  from  the  intestine  a  bacterium  which  would 
metnholiw  the  creatine  of  a  solution.  It  is,  however,  not  yet  certain 
what  has  become  of  the  ingested  creatine.  Further  experiment  has 
shown  that  there  is  a  marhcd  difference  between  children  and  women, 
on  the  one  hand,  and  men  on  the  other,  as  regards  their  power  of 
metabolizing  ingested  creatine.  Men  usually  destroy  nearly  all,  or  all 
of  tlrnt  ingested,  so  tliat  no  increase  of  the  creatine,  or  creatinine, 
occurs,  Tn  some  cases,  however,  tlit-re  is  a  very  small  incressp  in  the 
creatinine.  This  is  perhaps  the  rule,  and  occasionally  some  creatine 
appears  in  the  urine  unchanged. 

Amount  of  crpatine  excrtted  under  varwus  conditions.  Any  discus- 
sion of  the  excretion  of  creatine  in  the  urine  must  be  prefaced  by  the 
statement  that  the  creatine  ia  not  determined  directly,  but  by  difterenoo. 
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Tlic  preformed  creatinine  is  determined  by  Polin'a  colorimetrical  method, 
and  then  the  ensatinc  present,  if  any,  ia  converted  into  creatinine  by 
faeatinff  the  urine  ^th  acid,  and  the  creatinine  is  then  redetermined. 
ThiB  is  called  the  total  creatinine.  It  is  sometimes  larger  than  the 
figures  first  obtained  and  the  differeueo  ia  supposed  to  be  due  to  the 
conversion  of  some  creatine  to  creatinine.  The  difference  ia  lienee  called 
creatine.  It  is  obvious,  however,  that  there  is  a  considerable  uncer- 
tainty about  determinations  made  in  this  way,  and  it  involves  the 
assumption  tliat  the  heating  vrhh  acid  lias  not  In  any  vay  vliangt^l  the 
urine,  so  that  it  vrill  otTfct  the  creatinine  determination,  except  by 
the  coDTcrsion  of  creatine  to  creatinine.  When  it  is  remembered  that  the 
quantitative  determination  of  the  creatinine  itself  is  made  by  measnrinR 
its  reducing  action,  a  property  wtiich  is  not  peculiar  to  it,  it  is  clear 
that  inferences  as  to  tbc  prosenco  or  absence  of  creatine  in  tb«  nrine 
must  be  very  cautiously  drawn.  As  a  matter  of  fact  it  has  recently 
been  allcgcrl  that  the  appearance  of  the  presence  of  creating  is  really 
due  to  the  presence  of  Kmall  amounts  of  ucetoacetic  acid,  which  in  the 
unheated  urine  make  the  creatinino  determination  somewhat  lower  than 
it  should  he.  This  acid  is  destroyed  by  heating  the  urine  with  aeid, 
80  that  the  second  determination  of  creatinine  is  larger.  It  is  just 
this  diiference  which  is  usually  callod  creatine.  It  is  a  very  suspicions 
circumstance  that  most  of  the  methods  which  are  supposed  to  increase 
creatine  excretion  are  just  those  which  are  known  to  increase  acetoacetic 
acid  excretion.  As  it  is  at  present  eontrovcrlwl  wlurthcr  the  acetoacetic 
acid  present  will  account  For  tlic  whole  of  the  »o>called  creatine  or  not. 
the  excretion  of  creatine  is  treated  hero  or  if  it  ccrta.in]y  occurred.  It 
may  be  that  the  so-called  creatine  is  really  creatine. 
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Creatine  is  found  in  the  urine  of  most  if  not  all  mammals.  Ia 
human  beings  it  occurs  in  large  amounts,  relative  to  creatinine,  in  the 
urino  of  children,  but  in  small  amounts  only  in  the  urine  of  adolta, 
except  under  special  conditions  of  nebness,  or  diet,  when  the  amonat 
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of  cz«atine  may  be  at  lesst  half  of  the  total  creatinine  and  crestine 
together.  The  results  inclnded  in  the  table  on  page  706  show  the 
excretion  of  creatine  and  creatinine  in  healthy  children  (Erauso)  when 
OD  a  creatine- free  diet. 

^'rom  Lliis  tabic  il  is  seen  thai  on  a  creatine-free  diet  boys  stop  secret- 
ing  creatiue  at  about  seven  years  of  age,  and  that  before  this  age  tlie 
amount  of  crcatioe  secreted,  wliich  in  the  Srst  years  of  life  has  been  about 
equal  to  the  eroatiulDe,  becomes  relatively  aod  absolutely  smaller  until 
it  diaappeara.  Qirls,  on  the  other  hand,  continue  to  secrete  creatine 
until  puberty,  and  with  women  it  reappears  in  the  urine  at  each  monthly 
sexual  cycle.  It  will  be  noticed,  furthermore,  that  the  absolute  amount 
of  creatinine  eecretcd  iucreaaes  vrith  the  age  of  the  child  and  there 
is  also  an  increase  in  tbe  amount  of  creatinine  uitrogen  in  mgs.  per 
kilo  bodyweigfat.  This  last  factor,  the  '*  creatinine  coefiicieut,"  in  adults 
on  a  crcatine-free  diet  is  8.1  to  about  11.  In  the  experiments  just  quoted 
the  creatinine  coefficient  is  higher  in  children  of  12  than  in  those  of  5. 
The  coefficient  at  ages  of  13  to  16  is  only  3.6  to  4.1.  In  infants,  Amberg 
and  Morrill  have  found  ureatiDioe  coefficients  still  lower.  At  7  to  14 
days  old  the  coefficient  was  1.8  to  3.3.  The  increase  in  the  creatinine 
coefficient  thus  goes  part  passu  with  tbe  relative  development  of  the 
musculature.  In  infanta  the  brain  and  liver  and  other  organs  make 
relatively  a  larger  proportion  of  the  body  weight  than  later  in  life.  Not 
only  does  creatine  appear  in  the  urine  of  children,  but  it  has  been  shown 
(Krause)  that  their  power  of  metabolizing  creatine  is  less  than  that 
of  adults.  By  feeding  creatine  to  children  on  a  creatinc-free  diet  it  was 
found  that  the  younger  the  child  the  less  ingested  creatine  was  retained. 

Por  ««aL  IngMtnl  «rMiini 
Bn  Aie  •xcfvUd  t»  vrttxiue 

Otrl t  66 

Bn    a  43 

QlT\  11  31 

Id  the  case  of  women  creatine  Is  often  absent  from  the  urine,  but  reap- 
pears during  meuslni alien,  aud  during  pregnancy  and  after  delivery 
it  occnrs  there  for  several  days.  Benedict  and  Meyers  found  consid- 
erable quantities  of  creatine  iu  Uiu  urine  of  insane  women  when  on  a 
milk  diet,  or  a  croatininc  and  crcatino-frce  diet.  The  ages  of  the 
patients  ranged  from  19  to  95  years  and  the  amount  of  creatine 
excreted  per  day  ranged  from  70-200  mgs.,  while  the  creatinine  was 
from  292  to  700  mgs.  per  day. 

The  mgestion  of  creatine  causes  in  children  and  women  always  an 
increase  in  Uie  creatine  of  the  urine  and  a  slight  incresse  iu  the 
crcatiuinc.  Iq  men,  however,  large  quantities  of  creatine  may  be 
takcJi  by  the  mouth  without  causing  any  increase  in  the  creatine 
in  the  urine  or  indeed  in  the  total  nitrogen  excreted.    This  ia  particu- 
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larly  noticeable  wben  the  amount  of  protein  in  the  food  is  low.    This 
fact  was  (liseovtred  by  FoUn,  who  on  siifccssi^-e  days  took  several  graiiig^ 
of  creatine  with  uo  change  in  Die  creatioe  or  cre&linine  in  the  urine. 

Krause  in  various  experinipjils  on  two  male  adults  of  26  and  36' 
on  a  creatine-lree  diet  and  with  a  total  nilrogpn  io  the  urine  of  from 
3.27-13.44  grams,  gave  .052-.126  grs.  creatine  nitrogen  per  day  without  any 
creatine  appearing  in  the  iirioc.  The  creatinine  was  only  \cry  sli^hUy 
inereaacd,  and  in  Miiue  cases  not  at  all  increased.  The  total  uitrogcu 
in  the  urine  not  only  did  not  increase,  but  aeemed,  on  the  coutraty, 
to  decrease.  Thus  it  fell  in  three  of  the  four  eKperiments  from  3.27 
to  3.14,  from  13.'14-12.&^  and  from  13.30-12.07.  Similar  re«ulU  were 
obtained  in  the  ease  of  children,  except  that  in  them  a  part  of  the 
creatine  ingested  reappeared  as  suck,  in  the  urine. 

Weber  ingested  meat  extract  and  found  a  greater  increase  in  the 
creatinine  than  was  taken  in  the  extract,  so  that  some  of  the  creatine 
had  gone  over  iuto  creatinine.  Van  Iloogenhuyzc  and  VBrpIocgli,  IMum- 
mer,  Dick  and  Licb  always  got  a  small  part  of  the  creatine  as  creatinine. 
Pebelharing  and  van  Iloogenhuyzc  found  that,  if  they  gave  dogs  and 
rabbits  ei-catine  subeutaneously  in  small  amounts,  it  always  increajjed 
both  the  creatine  and  creatluine,  but  if  thoy  gave  it  all  at  once  Uioy 
got  an  increase  only  in  the  creatine,  Towles  and  VocgtlJn  also  found 
a  transformation  of  some  of  Uie  creatine  to  rrcatiuino.  The  impor- 
tance of  these  observations  arises  from  the  fact  that  ilicy  show  tliat 
creatine  is  turned  into  crcaliuiue  in  the  body  and  liencc  indicate  tliat 
the  creatine  of  the  body  is  probably  the  source  of  tlic  creatinine. 

Pasting  causes  a  Uecivase  in  liie  creatinine,  but  an  increase  in  the 
creatine,  so  tbat  Uic  total  is  very  little  affected.  Even  in  men  who 
do  not  nonnally  excrete  ere-atiue  in  the  urine  it  appears  there  if  they 
fast  In  women  the  amount  normally  present  is  increased.  A  very 
intcri'sting  case  of  this  sort  was  reported  by  Benedict  and  Biefendorf. 
The  patient  was  an  elderly  woman  having  a  religious  mania  so  that  she 
fasted  periodieally.    One  such  period  is  that  contained  in  tlie  following 
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Tile  great  increafie  in  the  creatine  on  the  27Ui  and  2dLh  wiLl  be 
uollL'cd  as  wull  as  the  wonderful  coustanny  of  tlic  total  of  creatinine  and 
cniatiuc  The  falling  off  in  the  ci-eatinine  is  illuatrnted  also  in  the 
following  results  on  the  prot'easiooal  faating  w<»naUf  Flora  Tosca  (van 
Iloogcnhuyze  and  Verplocgh) : 
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(Iq  thit  case  Uie  creatine  wu  not  deteinilned. ) 
The  reappearance  of  tlte  creatine  in  the  urine  of  faitttug  men  and 
the  corresponding  decrease  ui  Die  crBstimue  sutiius  to  be  au  interesting 
casting  back  of  their  ractabolisiu  to  the  type  of  the  juvenile  metabolism. 
Regarded  from  this  point  of  view  it  would  appear  that  the  melaboUstti 
lit  rejuvenated  hy  fasting.  It  nould  bo  intcnzsting  to  sec  if  othor  signs 
of  rcjuvcnwcencc  are  to  bo  found;  to  see,  for  example,  if  allantoinc 
would  reappear  in  the  urine  of  fasting  men.  Fasting  rabbits  also 
increase  the  creatine  at  the  expense  of  llie  creatinine.  The  creatine 
quite  disappears  If  the  animals  are  given  carbohydrate  food,  but  not  if 
fed  fat  or  protein.  It  may  be  that  Uie  change  in  metabolism  Fias  affected 
cliicQj  tlie  liver  and  muscles  and  purticitlarly  the  former  and  that  the 
cxliauation  of  the  carbohydrate  of  the  liver  has  affected  its  power  to 
cliangc  creatine  into  creatinine.  By  some  authors  the  increase  in  the 
creatine  is  auppoeod  to  indicate  an  unusual  protein  catabolism,  hut  tlie 
smali  amount  of  the  total  nitrogen  excreted  and  tlie  slight  decrease  in 
the  total  creatine  aud  creatinine  is  against  suoh  an  interpretation. 

Influence  of  carhohifdrate  food  on  creatine  escretion.  It  has  been 
found  that  a  deficiency  of  carhohydrate  food  in  the  diet  produces 
ercatiunria.  Various  suggestions  have  been'  made  to  account  for  tUs 
fact  Thus  it  is  stippoecd  by  some  that  creatine  appears  as  the  result 
of  the  abuomial  catabolism  of  Sesh  in  the  body  oonsffqucnt  on  the 
withdrawal  of  carbohydrate;  or  owing  to  an  impairment  of  tlie  funo- 
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tion  of  tlo  liver.  Thua  creatinuria  often  acfompaniGa  dialietcs  both 
natural  aud  pbloruin.  T)ie  aniouiit  of  vreatiim  aud  creatliiitie  together 
in  these  caae»,  however,  is  uot  larger  than  noriual,  so  that  creatine 
appears  aa  tlic  rcnult  of  the  low  of  pomcr  of  the  Uody  to  cliangc  creatine 
to  ci'catininc.  As  wiis  atated  at  the  outset,  however,  the  reported  creatine 
may  not  have  been  creatine,  hut  acetoacetJc  acid. 

Infivence  of  the  tht/roid  oh  creatine  excretion.  The  thyroid  has  a 
marked  but  unexplained  inQuence  on  the  nietsbolisni  of  the  body. 
Injection  of  tliyroid  extract  causes  a  stimulation  of  the  protein  catabo- 
lism  of  the  body.  It  is  interesting  that  it  also  causes  an  increa.<(e  in 
the  creatine  excretion  (acetoacetic  acidt).  Just  how  this  result  is  pro- 
duced it  iji  impossible  to  say.  It  might  be  that  the  thyroid  extract 
caused  directly  or  indirectly  the  discharge  of  creatine  from  the  musclea 
so  tbat  the  excretion  is  increased.  It  may  be  that  the  creatine  acta  as 
a  brake  on  the  protein  catabolism  and  its  removal  results  in  an  abnormal 
tatabolism  of  proteins. 

Origin  of  creatinine.  The  foregoing  facts  show  that  the  creatine  and 
the  creatinine  of  the  urine  have  the  same  origin,  and  that  creatinine  is 
derived  from  the  creatine  of  the  tissues  of  the  body.  There  is  in  the 
bodj'  of  an  average  adult  something  more  tJian  120  grams  of  creatine. 
Tbat  this  creatine  gives  rise  to  the  creatinine  of  the  urine  is  indi- 
cated not  only  by  the  facts  cited,  but  also  by  the  following  observa- 
tions of  Meyers  and  Fine: 
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Oriffin  of  creatine.  From  what  substanop-s  then  does  the  body  form 
the  creatine  found  in  tiie  tissue!  Where  is  the  creatine  changed  into 
creatinincf    How  much  of  the  creatine  and  creatinine  is  deatroyedl 

There  are  several  possible  sources  of  creatine.  It  might  be  formed 
from  arginine,  which  is  guanidinc-amino-valerianic  acid.  By  oxidation 
this  might  be  turned  to  gaauidine-amino-acetie  acid  and  by  methytation 
this  changed  to  creatine.  An  ingestion  of  arginine  docs  not  increase 
the  output  of  creatinine.  But  Inouye  found  in  autolysis  of  the  liver 
tn  which  he  added  some  srginine  that  there  was  an  increase  in  the 
creatine  and  creatinine.  The  change  was,  however,  small.  Jaff^  showed 
that  the  ingestion  of  guanidine  acetic  acid  is  followed  by  a  iilight  in- 
crease in  the  excretion  of  creatine  and  this  has  been  confirmed  by  others. 
Ho  found,  also,  that  the  ingestion  was  f(^owcd  by  an  increase  in  the 
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creatine  content  of  muscle.  The  greater  part  of  the  guanidtne  acetic 
acid  was  e:(ureted  uuchtuiged,  only  5-8  per  cent  having  been  changed 
over.  The  ingeatioa  of  guanidine  caproic  acid  and  guanidine  butyric 
gave  no  better  results.  It  has  not  been  possible  to  find  glyuociyiuniue 
in  the  metabolism  of  the  body  and  it  is  acvordingly  veiy  doabtful 
if  it  is  an  intermediate  product  in  the  formation  of  creatine.  Another 
possibility  is  that  creatine  is  formed  £rom  choline  or  some  similar  product 
of  the  phospholipins.  Koch's  experimeata  gave  no  increase  iu  creatinine 
after  the  ingestion  of  large  amounts  of  lecitbin  or  choline.  Another 
possibility  is  that  the  synthesis  might  be  made  with  methyl  guauidine  as 
the  intermediate  body.  MeUiyl  guanidine  has  been  found  both  in  muscles 
and  in  the  urine  (Kutscbcr),  Kxpcrimcnt  has  shown,  however,  that  this 
U  a  very  toxic  substance  and  JaSi  and  others  have  got  no  increase  in  the 
ereatinine  after  injecting  it.  The  syuthcBis  might  bo  made  using  urea 
and  methyl  amino-acetic  acid.  There  Js  uo  cvideuec  of  this  beyond  the 
fact  that  the  addition  of  urea  1o  aulolyzing  liver  comi>Iclely  prevents  the 
doiitructiou  of  cnuitinc  by  the  liver  mid  the  same  is  tniu  of  other  organs. 
Il  would  iippcar  that  in  »odic  way  urea  is  (WK^crncd  in  the  metabolism 
of  creatine,  The  ultimate  origin  of  creatine  is  thus  uncertain.  The 
presence  of  sarcosin  and  glycoc«U  so  frequently  iu  the  mxisclcs  of  in- 
vertebrates may  be  significant. 

The  transformation  of  creatine  into  creatinine  is  probably  carried 
out  in  many  different  tisKues.  For  example,  the  creatine  of  tlie  blood 
slowly  changes  to  creatinine,  and  the  liver,  kidney,  muscle,  spleen  aad 
lungs  have  the  same  power,  due  possibly  to  an  enzyme  they  contain.  It 
is  even  possible  that  this  enzyme  occurs  in  the  urine  since  creatine  turns 
to  creatioiue  iu  the  urine  more  rapidly  than  the  number  of  hydrogen 
ions  present  would  lead  one  to  expect.  Perfusion  experiments  also  show 
clearly  that  Uio  liver  and  muscles  have  tlie  power  of  destroying  and 
of  making  creatinine  out  of  creatine.  Creatine  is  destroyed  also  in  many 
tissues,  but  it  is  not  known  what  becomes  of  it.  It  has  been  suggested 
tlmt  it  is  fimt  turned  into  creatinine  and  then  destroyed,  but  this  is  not 
certain.  If  one  extirpates  the  kidneys  the  amount  of  creatine  in  the  blood 
increases  from  about  2  mgs.  per  hundred  grams  to  8  in  the  course  of  48 
hours.  In  six  hours  there  is  no  noticeable  change,  a  fact  that  indicates 
that  the  power  of  the  body  to  destroy  creatine  is  Tery  great  That 
one  place  of  transfonnatioti  of  creatine  to  creatinine  is  in  the  liver  is 
indicated  by  the  fact  that  if  the  liver  is  poisoned  by  phosplionis  or 
hydrazine,  creatine  replaces  creatinine  in  the  urine.  An  Eck  fistula, 
however,  does  not  cause  creatioe  to  appear  in  the  urine.  Even  heated 
blood  serum  is  more  powerful  in  transforming  creatine  to  creatinine 
than  is  water.  Blood  contains  the  following  amounts  of  creatine  and 
oreatiuine  in  100  grams: 
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C«it  (rvuog  f«inatc ) 0.95  2.44 

Dog  [yotiDjr  (cualfr)    ..b.. 0.72  iM 

Adult    (ninls  dog)     ass  Z.ti 

Mcikylalion,  Creatine  is  a  iiietiijljLt«i1  amtno-aciH.  This  is  u  point 
of  much  interest,  since  none  of  (he  ammo-acids  of  tlie  proteins  art 
kuowii  to  ()c  niptliylatfil.  Tlio  qurstion  at  onpe  ari.sifa  as  to  the  mftnlion- 
ism  of  melJiylation,  the  placa  where  it  occurs,  its  significance  and  what 
sabstances  may  be  methylated  in  the  body.  This  general  problem  of 
melhylation  may  very  well  be  treated  here  in  eoniieftion  with  creatine 
and  creutinine  which  are  the  tnoKt  iniporljuit  m^thylatJid  inibtttancVK  iu 
tbe  urine. 

The  power  of  forming  methyl -amino  (Iirivafives  ia  \'ery  widespread 
in  nature  and  many  of  audi  derivatives  are  of  very  great  physiolopcal 
and  pharmacologiral  importance.  Choline  and  ita  more  active  rela- 
tives, neurine  and  muscarine,  arc  mctbyl  derivatives,  the  former  being 
the  trimctbyloxyethyl  ammonium  hydroxide;  neurine,  trimetJiyl- 
vinyl-ammonium-hydroKidc  and  muscarine  is  supposed  to  be  the  aide- 
hyde  of  clioHne.  Neurine  and  oholine  oeeiir  in  the  animal  organism. 
Adrenaline  in  a  methylated  amine,  Iwing  d iosypheny I- oxyethyl- methyl- 
amine.  In  plants  ibu  bola'ines  and  similar  compounds  are  common,  and 
IriKonellin,  and  starhydrin  are  examples  of  this  class  of  bodiea. 

It  has  been  found  that  human  and  other  mammalian  organisms 
bave  the  power  of  introducing  methyl  gi-otips  into  various  substances 
ingested.  The  methyl  derivatives  arc  found  in  the  urine.  Thus  ingested 
pyridine  is  excreted  by  dogs  as  mi'tliyl  pyriiiint?  (IHh)  ;  tHliurtum  salts 
are  excreted  as  methyl  tellurides  (Hofmeistor) ;  and  naphthalene  also 
ajipeHrK  an  Ww  melliyl  derivative  (Cohn).  Bui  rabbits  do  not  mctliylatc 
pyri<linn  but  cxcivte  it  uut-ihangcd,  the  enniivora  and  hcrbivora  showing 
important  differences  in  this  respect. 

The  exact  manner  in  which  this  mcthylation  is  produced  is  not  clear. 
but  it  has  been  suggesteil  that,  in  plants  at  any  rale,  it  comes  from  tlie 
union  of  formaldehyde  witb  amino  groups.  It  will  be  recalled,  from 
the  diacusaion  of  the  Sorenscn  titration  mathod,  that  fonnaldehydc  uiiit^w 
Hritli  amino  groups  to  form  mi-ihyli-ne  derivalives.  By  r«diiction  iJiese 
ineitiylehe  amines  ran  be  changed  to  methyl  amines.  This  seems  the 
probable  method  of  tbcir  foniialion.  It  biw  not  been  shown  that  for- 
maldehyde is  an  intermediary  pro<luct  of  mctHbolism  in  animals,  but  in 
the  dacompofiition  of  the  carbohydrates  it  is  not  impossible  that  small 
quanliiie«  may  arise  and  that  this  formaldehyde  is  the  source  of  the 
methylnlion.  This  view,  however,  can  Lave  no  solid  basis  until  the 
presence  of  formaldeliyde  in  animal  tissued  is  une^tiivooally  established. 

Concerning  the  place   in    which   such   formation  of   formaldehyde 
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might  ovvur  one  turns  tiaturally  to  the  Ivro  orgauu  of  the  body  most 
coucerned  in  carboh^'drate  metaboUsm,  the  liver,  where  the  carbohy- 
drates may  be  formed  from  proteins  and  slorecl,  and  the  muscles,  the 
tissues  in  n-liich  carbohydrate  is  torn  to  pieces  and  the  fragments 
burned  for  the  production  of  muscle  cnerey.  It  is,  pcrbapH,  more 
likely  that  it  ia  in  the  musclee,  wtiere  decomposition  of  earbohydrate 
oci^urs,  that  smalt  amounts  of  fornialilehyde  may  be  produced  and  tliere 
the  synthesis  of  methyl  glycocoU  take  plact.  Certainly  in  some  of  the 
invertebrates  glyeoeoU  is  found  in  liirge  amounts,  not  methylated,  in 
the  muacle^.  FormaldohydL-  is  itself  very  toxic  and  possibly  glyco- 
coU, which  serves  in  other  instances  as  a  means  of  making  toxic  sub- 
stances harmless,  may  also  thus  function  in  the  muscle,  thus  forming 
sarcosme. 

S^fion  of  creatine  mtd  creatinine  oxcretton  to  muscular  metabolism. 
But  Trbile  the  muscles  arc  the  organs  iu  which  creatine  is  foand  in  the 
largest  amounts,  aud  while  the  miueles  arc  able  to  form  creatine,  it  k 
probable  thot  tlic  creatine  metabolism  does  not  play  n  part  in  muscular 
contraction.  While  the  evidence  is  somewhat  contradictory  on  the  be- 
havior of  masde  erc-atine  iu  tetanus  or  during  miiscte  contraction,  it  is 
certain  that  doing  muscular  work  does  not  increase  creatinine  excretion. 
On  the  other  band,  it  is  true  that  creatinine  excretion  ia  larger  during 
the  day  than  at  night  when  tla-  muscles  are  relaxed.  It  has  been  sug- 
gested that  creatine  is  couccrued  in  the  tonic  coulraotiou  of  muscles, 
'i'hus  standing  in  a  rigid  military  position  is  said  to  increase  creatinine 
exeretion.  It  is  doubtful,  however,  whctbcr  there  is  this  fundamental 
disttnction  in  kind  between  what  is  known  as  tonic  contraction  and  the 
ordinary  contraction  of  muscle.  On  tlie  other  hand,  it  lias  been  sug- 
gested that  creatine  is  evohed  in  the  course  of  the  formative  metabolism 
of  muaoie  which  involves  1he  making  of  muscle  substance  and  its  ma- 
chinery. It  represents  rather  the  wear  and  tear  of  tlic  moehiue  than 
cousumptiou  for  purposes  of  obiaiuiug  cuci^.  Tliis  is,  perhaps,  tbo 
most  reasonable  view  of  orcatiuc-  and  it  explains  why  oil  organs  have  and 
produce  creatine.  It  is  evidently  not  a  substance  having  to  do  with  a 
particular  function,  like  that  of  contraction,  but  some  function,  like 
growth,  common  to  all  eells. 

It  is  probable  that  crcatiue  of  umtiule  is  not  free,  although  it  Ls  so 
easily  extrattod  with  watr-r.  but  that  it  is  combiru-d  with  the  colloids  of 
the  muH<:!c.  OUicrwisc  it  would  most  probably  escape  from  the  cells. 
How  much  of  it  is  ai;tually  given  off  from  the  muscles  in  the  course  of 
the  day  cannot  be  said.  Safe  conclusions  cannot  be  drawn  from  the 
fact  that  it  is  given  off  from  the  muscles  to  perfusion  liquids,  for  tUe 
condition  of  perfused  tissues  is  generally  far  from  nomml.  Most  ob- 
servers are  of  the  opinion  that  the  greater  part  of  the  creatine  is  de- 
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fltroiyed  in  Uie  body  and  that  only  a  small  portion  «scape8  in  tlie  rorra 
of  CTeatinine. 

Summary.  The  principal  results  and  conclusions  of  tke  chapter 
may  be  suniniariz«d  as  follofrs : 

There  is  excreted  in  the  urine  of  biuuau  male  and  female  aduUa 
about  1  to  2  grams  of  cn^atinine  a  day.  Tiie  amount  is  entirely  independ- 
ent of  the  protein  iulak«,  but  is  inor«ascd  by  the  ingestion  of  crcfltinin«, 
most  of  which  rc'appcars  unchanged  in  the  urine  The  ingestion  of 
creatine  increases  creatinine  only  vary  slightly  and  it  may  not  increase 
it  at  all ;  it  msy  increase  somewliat  the  creattno  excretion.  Wliat  b«- 
eomes  of  the  greater  part  of  the  creatine  thus  ingested  is  unknown. 
Creatine  is  found  only  occasionally  and  iu  small  quanliUes  in  the  urine 
of  adult  men,  a  few  mgs.  per  day,  but  it  occurs,  or  is  supposed  to  ot^cur, 
in  larger  amounla,  60-llX)  mgs.  per  day,  iu  the  urim;  of  women  during 
uicn»truation,  iu  the  6i«t  few  days  aftt-r  childbirth,  and  during  preg- 
nancy. It  is  usually  present  in  children's  urine,  particularly  in  girls', 
and  may  make  from  ouc-tcnth  to  one-third  the  amount  of  the  creatinine. 

The  amount  of  creatinine  excreted  in  adults  both  male  and  female 
is  roughly  proportional  to  the  body  weight;  about  7-11  mgs.  of  ereatinine 
nitrogen  per  kilo  body  weight  l>eing  excreted  in  24  hours.  This  figure  is 
called  the  crcaiinine  eo-cfficieut.  The  combined  creatine  and  creatinine 
undergoes  little  change  dtiriug  foKtlng,  but  the  amouut  ol  creatinine 
diminishes  and  that  of  creatine  iucreasf--s,  if  the  method  of  determina- 
tion of  creatine  is  correct.  The  same  result  occurs  in  carbohydrate 
starvation,  in  diabetes,  both  natural  and  phlorizin,  and  in  the  early 
stages  of  wasting  diueascs  such  as  fcvei's,  muselo-atrnphy,  ute.  These 
facta  all  show  tliat  creatinine  has  an  endogenous  origin  and  tliat  unlike 
area  it  is  unalTet^Itd  by  tlie  lutake  of  protciu. 

There  is  found  in  tlic  voluntary  muscles  about  0.35-.4  per  cent,  of 
creatine  and  large  amouniA  arc  found  also  in  the  liver,  the  involuntary 
and  heart  muscle,  in  the  bruin,  testes  and  other  orgims.  The  totjU 
amount  of  creatine  in  the  body  is  thus  about  120  grams.  Tiiis  creatine 
of  the  body  is  probably  the  origin  of  the  creatine  and  creatinine  of 
the  urine.  The  muscles  have  the  power  of  forming  eroatine  from 
glyoopyaniine  and  they,  and  other  orgaus,  eon  turn  creatine  to  creatinine. 
Extracts  of  the  organs  have  this  same  power  which  is  probably  to  be  an- 
cribed  to  a  fertni-nt.  ProbuWy  the  kidneys  are  active  in  changing  the 
creatine  arriving  by  the  blood  to  creatinine,  but  ii  is  certain  that  they 
are  not  the  only  organs  having  this  property.  The  tissues  arc  also 
able  to  destroy  creatine,  lut  what  Is  formed  from  it  is  unknown. 

The  increase  of  creatine  in  the  uriuc  in  diabetes  and  carbohydrate 
starvation,  or  after  the  injection  of  thyroid  extract,  is  ascribed  by  F(^n, 
Shaffer  and  others  to  Uie  increased  cataboliam  of  the  tissues,  but  it  ia 
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also  possible  that  it  is  dae  to  the  setting  free  of  tlie  creatine  ftom  the 
combination  in  whi(>h  it  ia  in  ike.  miuscb^s.  Nothing  dcGuite  is  known 
of  the  fiinctJoD  of  creatine  in  the  muRcleR  and  the  other  organs;  whethc-r 
it  is  primarily  a  waste  product,  or  whether,  by  its  presence,  it  affeets 
tiic  metabolism  of  the  tissues.  Further  investigations  are  very  neces- 
sary on  this  point,  "ftliile  all  the  really  important  questions  about  the 
origin  and  significaace  of  creatine  and  creatinine  still  remain  unan- 
swered it  appears  that  these  substances  hold  a  very  importa.Rt  place  in 
metabolism  and  the  constancy  of  the  excretion  of  creatinine  indicates 
that  it  is,  as  Folin  suggested,  an  index  of  the  real  eatabolism  of  the 
vital  machinery  of  the  body  proper,  in  distinction  from  that  cataboliara 
which  increases  the  free  energj*. 

Purine  bodies  and  allantoine  in  the  urine.— The  most  important 
purine  found  in  human  urine  is  uric  acid,  but  there  is  also  present  about 
30-50  mgs.  of  purine  bases,  xanthine,  hypoxantliine,  guanine  and  adenine. 
The  first  two  are  the  more  abundant.  Allantoine  is  present  in  atlult 
hum:an  urine  in  extremely  small  amounts,  not  more  than  14  mgs.  per 
day;  but  in  other  momraslia  it  may  be  present  in  very  much  larger 
amounts,  25-30  grams  a  day  being  sceretod  by  cows.  While  allantoine 
is  not,  strictly  speaking,  a  purine,  it  represents  in  many  mammalia  the 
end  product  of  purine  metabolism  and  must,  therefore,  be  considered 
with  the  purines. 

Uric  acid. — Probably  no  nitrogenous  substance  in  the  orine  has  been 
more  studied  than  uric  acid.  It  is  present  in  human  urine  only  in  small 
qnontiticfl,  the  excretion  varying  from  0.3-1.2  gram  per  day  in  the 
human  adult,  the  average  amount  being  about  0.6  gram.  The  amount 
varies  with  the  diet,  state  of  health  and  individual  idiosyncrasy.  Of 
the  total  nitrogen  of  tlie  urine  between  5  and  10  per  cent,  is  excreted  as 
uric  acid  nitrogen.  But  though  present  in  small  quantities,  this  acid  has 
long  attracted  the  attention  of  physicians  and  physiologists  because  of 
the  problems  involved  in  its  origin,  its  significant  variation  in  disease. 
its  insolubility,  which  causes  it  to  form  part  of  the  sediment  of  the 
■urine,  and  above  all  bccaoae  of  its  deposition  in  the  joints  in  the  form 
of  crystalline  insoluble  salts  in  arthritis  and  goat. 

While  in  the  mammalia,  amphibia  and  fishes  the  quantity  of  uric 
acid  excreted  in  the  urine  la  small  and  is  but  a  small  proportion  of  the 
total  nitrogen  outgo,  in  birds  and  reptiles  this  substance  takes  the  place 
of  area  and  in  these  animals  most  of  the  nitrogen  excretion  is  in  this 
form.  In  the  invcrtebrateB,  also,  in  the  art-hropods  and  particularly  in 
the  molhiaks,  the  excretion  of  nitrogen,  to  a  considerable  extent  at  any 
rate,  is  in  the  form  of  the  purine  bases  and  uric  acid. 

There  can  be  little  doubt  that  the  substitotion  of  uric  ocid  for 
area  as  the  form  of  nitrogen  waste  in  reptiles  ond  birds  is  an  adaptatiwi 
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fitting  them  to  a  dry  climate,  the  particular  object  of  the  change  being 
the  conson-ation  ol  the  water  of  the  body.  Uric  acid  haa  very  little 
affini^  for  water  and  Is  almost  insoluble;  and  the  add  salt*  arc  also 
insoluble;  hence  uric  acid  ia  not  excrcl<;d  in  htrd'H  urine  in  solution,  but 
in  the  form  of  masses  of  cryHtals,  very  little  water  being  c:£cretod  at  the 
same  time.  Urea,  on  the  other  hand,  is  a  very  soluble  substance;  it  has 
u  very  grt^t  alTinit^-  for  water  and  takes  a  good  deal  of  it  out  of  the  body 
when  it  is  excreted.  It  is  a  good  diuretic.  The  birdu  wore  evolved  from 
the  reptiles  and  the  reptiles  Frnm  thu  amphibia  whifh  have  urea  as  the 
nitrogen  end  product  The  reptiles  wen*  probably  formed  or  evolved  in 
some  arid  r^on,  ^ncc  in  all  the  particulara  of  their  bodies  they  show  this 
same  adaptation,  ThuH  they  have  rrplnred  thn  moist  skin  of  the 
amphibia  by  the  scaly,  hard,  dry  covering  of  the  reptile,  which 
prevents  loss-  o£  water  through  the  skin.  Possibly  if  their  lungs 
were  examined  they  would  be  found  to  allow  of  less  water  pass- 
ing through  than  is  tlie  caae  with  the  amphibian  or  maramalian 
long. 

Chetntcal  naivre.    Uric  acid  is  2,  6,  8  tri-oxy  purine. 

H_N— 0  =  0  N=:0-OH 

0=0    O— KH  (8)H0— C    C— im 


I1_N— C— KH 

Uric  ftfM.     l-actam  tnm. 


V-~C~K 
Lactin  form. 


The  formula  is  osually  written  in  the  form  first  ^vcn,  but  another 
form  is  possible  and  accounts  for  tlic  fact  that  it  has  an  acid  nature 
and  that  it  forms  two  fierim  of  saltK.  This  second  form,  the  lactim 
form,  is  probably  in  eipiilibrinm  with  the  ordinary  or  ketone  form. 
According  to  the  latter  formula  the  acid  should  be  a  tribasic  acid, 
but  only  two  smcs  of  salts  are  knnwn.  It  is  probable  thai,  the  third 
hydrogen  ion  disaorialion  would  be  very  weak.  Interracdiato  forms 
between  the  lactam  and  the  lactim  probably  exist  in  which  only  one 
hydroxyl  is  prcwnt.  The  lactam  fonn  is  the  less  stable.  The  hydrogen 
in  the  2  and  8  positions  may  he  substituted,  making  possible  two  series  of 
salts.  Of  tbcfte  salts  the  acid  sstfs  are  the  Icks  soluble  and  pnrticularly 
the  free  acid  and  the  mono-ammonium  salts  are  very  insoluble.  The 
solubility  of  the  free  arid  in  water  is  one  part  in  39.480  parts  at  18* 
and  I  in  15,505  parts  of  water  at  87*  (Gudzent). 

It  is  a  white,  lastoless  powder  or  crystalline  sobstanoe.  composed 
of  rhombic  prisms  or  plates  (Figure  62).  As  it  comes  down  in  the 
nrine  it  is  combined  with  or  associated  with  a  red  coloring  matter, 
nroerythrin,  and  the  orystalg  are  colored  red,  or  brown.    The  forms  are 
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very  varions,  tlie  so-called  whetstone  shape  being  common.  Dumb-bell 
and  other  shapes  occur.  The  acid  urates  also  are,  for  the  most  part, 
very  little  soluble,  but  the  dibasic  salts  of  the  alkali  medals  are  more 
soluble.  The  acid  may  precipitate  in  the  urine  in  the  form  of  the 
acid  sodium  or  ammonium  salt  in  halls  of  needle-like  crystals,  of  a 
brownish  red  color,  or  having  irregular  shapes.  The  solubility  of  the 
monobasic  sodium  salt  is  0.8328  gram  of  the  salt  in  a  liter  of  water  at 
18',  and  0.4141  gram  of  the  ammonium  salt.    At  37°  it  is  respectively 


FlO.  62,— CryBUlS  Ol  uric  acid, 

1.5043  and  0.7413  grams  per  liter.  According  to  Gudzent  these  solu- 
bilities are  only  true  of  the  fresh  solution,  since  the  solubility  gradutilly 
diminishes  due  to  the  transposition  of  the  lactam  to  the  less  soluble 
lactim  form.  One  part  of  the  normal  sodium  salt  dissolves  in  77  of 
water  at  18".  The  normal  potassium  salt  dissolves  in  44  parts  of  cold 
water ;  the  normal  calcium  salt  in  1500  parts  and  the  acid  lithium  salt  in 
60  parts  of  water  (Ralfe) .  The  acid  piperazine  salt  is  much  more  soluble 
tlian  the  alkali  salts.    It  dissolves  in  50  parts  of  water  at  17°  C. 

CH— CH 

2  t 

C  H  N  0  .Nif/^  )NH 

CH  —OH 

!  2 

The  methylglyoxalidine  salt  dissolves-  in  6  parts  of  water  (Ladenburg. 
Ber.  27,  2952). 

In  acid  solution  uric  acid  is  very  stable.  It  may  be  dissolved  in 
concentrated  sulphuric  acid  without  being  destroyed,  and  from  this 
solution  it  may  be  precipitated  by  addition  of  water.  In  alkaline  solu- 
tion, on  the  other  hand,  it  is  very  unstable,  breaking  up  rather  rapidly 
and  in  the  presence  of  oxygen  oxidizing  itself.  Folin  and  Denis 
state  that  0.5  per  cent.  NaXOg  solution  boiled  three  minutes  with 
10  mgs.  of  uric  acid  in  20  c.c.  destroyed  12  per  cent,  of  the  acid 
present.  In  alkalies  it  probably  breaks  into  dialuric  acid  and 
urea. 
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I'rie  Mid.  IMalnrio  nad.  Una. 

Uric  acid,  being  auto-oaidizable  in  alkaline  solution,  ia  a  reducing 
substance  and  reduces  Fchlin^'a  solution,  ammoniacol  silver  nitrate, 
phospliotungstic  arid  and  other  oxidizing  substonew.  It  is  readily 
oxidized  also  by  ponuangauatc  and  it  can  bo  titrated  and  its  amouat 
c^uantitatively  detvrminod  in  thia  way.  See  page  964.  Wlien  oxidized 
it  forma  various  subHianrca,  nucIi  an  alloxan,  or  oxaluric  acid,  urea, 
oxalic  avid,  carbonic  avid,  tartronic  acid,  allantoinc  and  uroxantc 
acid,  C»H,N.O,. 


NH— C  =  0 

OsC        Cs:0 

KH— C=0 
Alloxan  <UHoxik1yl  urMl- 


U  =  C       CQOn 

Piniuric   acid. 
(Tartronj'l  urea.) 


NH— C  =  0 

I       I   ou 

0  =  C        C— NH 

vn-c—m 


\ 

OH 

InLvriuedtat*  form. 


0=C— OH 

H  — d-OH 

0=C— OH 
Tartronic  acid. 

Ucaetions  of  urii  aeid.  Mureride  reaclion.  The  crystals  moialencd 
with  nitric  acid  and  evaporated  to  dryness  on  t)ie  water  bath  on  a 
porcelain  ])late  at  firat  dissolve  and  are  partially  oxidir-ed,  a  red 
retiidue  li«ing  Bnally  obtained.  On  raoistening  this,  after  cooling,  with 
ammonia  a  purple  red  develops,  dne  to  the  formation  of  ammomum 
purpuratc,  or  murcxido.  It  is  oiilletl  the  murexidc  test  becanso  am* 
moniuDi  purpurate  is  the  warlet  AnhHlanoe  in  the  dye  obtained  from  the 
sea-snoil,  murex.  If  c-aastic  soda  in  uned  in  place  of  ammonia  a  deeper 
blue  is  obtained,  and  the  color  disappears  quickly  on  warming.  Staodj 
other  purines  give  this  reaction.  With  xanthine  and  guanine  the  cok 
doee  not  disappear  on  heating.  The  formation  of  purpnrate  of  am- 
monia is  probably  as  follows: 

By  the  hydrolysis  and  oxidation  of  uric  acid,  dialuric  acid  an^ 
alloxan  are  fonnc<I.  Thrse  condense  to  form  alloxantin  which,  in  the 
presence  of  ammonia,  forms  ammonium  purpurate  or  murexide.  The 
reactions   are   as  follows  ' : 

'  Tlw  fArmtilna  at  jtltnsantin  arJ  pnrpiine  neiA  *r«  (till  unc«rt*In.     It  It  p>r«b- 
tbl*  that  thmc  givni  hm  are  not  oormt,  but  Ui«7  arc  timpter  than  aome  otliara 
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HM— CO  HN— OO  HH— CO  OC— NH 

I      I       il  I      I  I     I      OH 

OC     C— OH     +    OC     CO        =00     C 

I     no 

-co  HN— CO  Ot— t 

DtHluric  Mciil.  Alloxan.  AHaxMitin. 

UN— CO  OC— NH 

I  I       NH       I      I 

11/         \'      ' 
Allosuitin  +  NH      z=    OC     C 0    CO 

II  II 
HN— CO            OC— NH 

Tiirpurio  acid. 

Origin  of  vric  add.  It  was  long  believed  that  urie  acid  in  mam- 
malian urine  was  aii  intermediary  product  of  protein  metabolism, 
which  waa  usually  almost  completely  oxidlxcd  by  the  body  to  urea.  The 
occiirreuce  of  more  than  the  nomml  amount  of  uric  ncid  in  the  arine 
was,  hpnce,  supposed  to  mean  that  the  oxidative  powers  of  thfi  body 
were  impaired  in  gome  way.  While  this  view  has  certain  elemenls  of 
truth  in  it.  it  waa  in  its  essentials  quite  erroneous,  as  we  now  know. 
Uric  acid  does  not  come  from  the  ordinary  protein  metabolism.  The 
end  product  of  tliat  metaboti.sm  is  urea;  but  it  eomea  from  the  metab- 
olism of  the  nucleius,  both  of  those  of  the  food  and  tlioae  of  the  tissues. 
The  nucleins,  it  will  hp  romombcrcd,  contain  nucleic  acid,  and  nacleie 
acid  contains  purines,  which,  when  oxidized,  form  uric  acid.  Uric  acid 
is,  hence,  of  very  particular  interest  because  of  its  relation  to  nuclear 
metabolism. 

That  uric  acid  came  from  the  nueleina  either  oC  the  food  or  the 
tissues  foUowed  directly  from  Kosael's  discovery  that  the  nuoleins  were 
the  mother  substanc-es  of  the  niiclcin.  or  xanthine,  buses  as  they  were 
called,  adenine,  gimninc.  xanthine  and  hypoxon thine.  These  bodi<a  aro 
now  eallcd  purines  followinff  the  snpp^?stion  of  Emil  Fischer,  being  re- 
garded as  all  derived  from  purine.  IJrie  acid  was  known  to  belong  to 
the  same  group  of  substances  and  to  be  simply  oxidized  xanthine.  Koesel 
suggested,  therefore,  that  uric  aeid  in  the  mammalian  urine  did  not  eome 
from  the  proteins  in  general,  but  only  from  the  nucleins.  When  nucleic 
aeid  waa  discovered  by  Altmann,  this  tht'ory  waa  mndn  still  more  precise, 
the  nric  acid  coming  from  this  conRtituent  of  the  nucleins. 

The  fart  that  uric  acid  comes  from  the  metabolism  of  nucleins  was 
shown  in  the  first  instance  by  feeding  experiments.    If  one  dotermines 

whioh  h.D,vf  bten  pr&po««d.  Tlic  union  Ix'tvvcn  nlloxan  And  dialuHe  aeid  m&y  be 
thro)i|[h  nn  nivg^i)  ntom.  bctng  of  tbe  nature  of  on  oxonlum  utt  (Rlchter,  BtleglltB 
aii<i  otbira). 
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Nucldn   diet    Tivticlu   of   herrinf 


After   period. 
It  11 

Nuelein  diet. 
It  (I 

■•  •■ 

Alter  period. 

Niic1<^in  dii>t. 


UiiuftI   diet 


U)c  amouut  of  uric  acid  in  the  urine  it  is  found  that  the  quaoUty  in- 
creases  when  thorc  is  an  increase  in  the  nucleic  acid  ingeated,  bat  it  does 
not  increase  nearly  as  much  if  there  is  an  increased  intake  of  proteins 
which  do  not  contain  nucleic  acid.  Glandular  organs  gcDcrally  contniu 
a  good  deal  of  nucleic  acid,  so  that  a  diet  of  such  organs  in  place  of  meat 
means  an  increase  in  the  nuclcio  intake.  lu  all  sul-)i  diets  the  exirretion 
of  uric  acid  is  increased.  This  is  shown  in  the  foUovring  protocola 
(Jerome) : 

ITile  mU  ««cfctcd  p«t  dnj — gnat. 

0,661 

0.480 
0.S80 
0.740 
I.OIO 
0.7U 
0.468 

Piincr<>ai  Mrml 0.806 

"  "        0.B20 

"  "       o.ei£ 

Uiaal   diet    0.44S 

-     0.474 

ThyutiiB  porlftd I.B46 

"  «        0.740 

Uiininiitiicd  utiolciii  period   O.SBS 

The  usual  diet  was  a  Fairly  hearty  diet.  Tho  breakfimt  constated  of 
two  cggtit  bread  and  butter,  porridge,  malt  coffpR,  milk  and  saccharine. 
The  dinner  consisted  of  meat,  potatoca,  vegetabha,  milk  or  rice  pudding, 
bread  and  butter,  fruit,  and  two  dessertspoonfuls  of  whisky,  or  a  pint 
of  ehainpagnfl ;  lunuh  of  fish,  hreud  and  butter,  apples. 

It  will  be  ohservetl  that  whenever  glandular  organs  rich  in  micleius 
were  ingCHled  tlien  the  taicrelion  of  uriir  iicid  wjw  incn?ased.  On  a 
nuclein-frce  diet,  a  starch  and  crpam  and  egg  diet,  for  example,  the 
excretion  fell  to  a  minimum  of  about  0.4  gnun  per  day.  The  same  re- 
sult has  been  obtained  by  many  observers.  There  is  no  doubt  that  the 
ingestion  of  nuclcint)  increases  the  excretion  of  uric  acid ;  and  the 
elimination  of  nucleins  from  the  diet  decreases  the  excretion  to  a  cer- 
tain minimum,  but  does  not  abollih  it  entirely.  For  a  nuctein-free  diet 
eggs,  milk,  sugar,  starch  and  vrnara  furnish  an  admirable  diet  almost 
purine  free.  On  a  diet  of  cream  and  starcli  Folin  reduced  his  daily 
output  of  uric  acid  to  about  0.3  gram  and  others  under  his  dinvtion  did 
the  same. 

The  increase  in  the  uric  acid  excreted  after  the  ingestion  of  nnclr.ins 
koigfal  be  cither  a  direct  or  indirect  result.  That  is  the  nucleins  of  Ihe 
diet  might  directly  in  the  course  of  their  decomposition  give  rise  to  the 
uric  acid  of  the  urine,  or  indirectly  thoy  might  stimulate  uric  acid 
production.  It  in  lielievwl  that  they  art  in  the  first  manner  and  wo 
accordingly  say  that  some  of  the  uric  acid  of  the  urine  has  an  exogenous 
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source,  meaning  that  it  cornea  from  outindc,  from  the  nucleina  of  the 
food,  which  have  not  been  incorporated  in  the  nuclcins  of  the  body,  hut 
arc  decomposed  and  part  of  the  molecule  split  off  and  excreted  as  uric 
acid.  The  details  of  this  process,  however,  are  vei-y  badly  known.  It 
is  kuovrn  that  the  nueleius  of  the  food  are  digested  by  the  juices -of 
the  inteiilinc  and  ils  accompanying  ^taads,  such  as  the  pancreas,  and  the 
purine  bases  are  set  free.  In  most  liKsues,  taken  aa  foods,  the  bases  in 
the  nuclcins  have  already  been  partially  oxidized,  while  still  in  the 
nuelcin  molecule,  by  the  action  of  Uie  anto-  digestive  and  oxidizing 
enzymes  of  the  Ussue,  so  that  they  get  free  in  the  intestine  in  a  partially 
oxidized  form ;  in  the  form  of  bypoxanthine  and  xanthine,  as  well,  prob- 
ably, as  ^anino  and  adenine.  These  bodies  are  at  least  in  part  ab- 
tforlied.  Thtir  absorption  is  followud  by  the  appearance  of  aomc  urie 
aeid  in  the  urine,  but  if  it  be  asked  where  the  oxidatiou  of  thOHe  sub- 
stances  oecum.  wliether  in  the  intMstJnal  mneosa,  or  wliether  in  tlie 
liver  or  some  other  tissue,  and  whether  they  have,  or  have  not,  been 
part  of  the  living  matter  when  they  were  oxidixed,  or  whether  they  were 
only  dissolved  in  the  eell  sap  and  never  incorporated  in  the  living  mat- 
ter of  the  cell;  and  whether,  indeed,  thej-  may  not  have  acted  by  dia- 
pLacing  some  of  the  bases  already  in  the  cell. — to  these  qaestions  very 
imperfect  answerci  oan  he  given,  or  none  at  all. 

It  is,  however,  worthy  of  note  that  of  (he  total  purine  ingested,  bnt 
a  small  part  reappears  in  tbe  urine  a.s  uric  aeid.  Some  of  the  re- 
mainder is  probably  destroyed  in  the  intestine  by  the  action  of  the 
bacteria,  hut  some  is  probably  destroyed  in  the  tissues  or  retained  there 
for  the  time  being.  The  per  cent,  of  purine  nitrogen  in  the  tliymus 
gland,  according  to  Burian,  h  0.-IS2.  This  would  correspond  to  about 
1.2  grams  of  purine  ip  IQO  grams  of  the  fresh  tissue.  If  one  eats  two 
hundreil  grams  of  sweetbreads  it  should,  therefore,  increase  the  uric- 
arid  excretion  by  2.4  grams,  making  in  nil  ni-arly  3  grams  por  day  of 
uric  arid.  The  actual  incrense  of  uric  acid  in  the  urine  is,  however, 
not  more  than  half  this  required  amount,  showing  that  the  purines 
either  had  not  been  absorbed,  or  that  they  had  been  retained,  or  that 
they  had  been  destroyed.  This  fact  of  the  dRstniction  of  uric  acid  in 
the  human  body  is  well  illustrated  in  the  following  esperiraont  of  Tay- 
lor and  Rose.  For  three  days  the  subject  was  on  a  piirine-free  diet,  con- 
sisting of  milk,  eggs,  starch  and  sugar;  Ihon  for  three  djiys  a  part  of  the 
total  nitrogen,  10  grams  per  day,  was  substituted  in  the  form  of  swoetr 
breads,  so  that  of  the  10  grams,  7  grams  were  in  cg^  and  milk  and  3 
grams  in  the  sweetbreads;  for  the  nest  four  days,  six  grams  of  nitrogen 
of  the  e^s  and  milk  were  replaced  by  sweetbread  nitrogen;  and  for 
the  nent  four  days  the  purine-free  diet,  containing  10  grams  of  nitro- 
gen, waa  restored. 


i 


71« 


PUVSIOLOQICAL   CHEMISTRY 


Btrqyod  Id  Ibe  body  and  t1iat  only  a  small  portiiHi  escapes  in  the 
of  creatiume. 

Summary.  The  principal  resalts  and  eonclnsioos  of  the  chapter 
may  be  summarized  as  follows: 

There  is  excreted  in  the  urine  of  huuiaii  male  and  female  adulla 
about  1  to  2  gramfi  of  creatinine  a  day.  Tlie  amount  is  entirely  independ- 
ent of  the  protein  intake,  but  is  iacreased  by  the  iugestioa  of  crcatiuine, 
most  of  which  reapjwjars  unchanged  in  the  urine.  The  ingestion  of 
creatine  Increases  creatinine  only  very  slightly  and  it  may  not  iDcrcosc 
it  at  all;  it  may  increase  somewhat  the  creatine  excretion.  What  bo- 
oomes  of  the  greater  part  of  the  creatine  thus  ingested  is  unknown. 
Creatine  is  found  only  occasionally  and  in  small  quanlilies  in  the  urine 
of  adult  men,  a  few  mgs.  per  day,  but  it  occurs,  or  is  supposed  lo  oclmit, 
in  larger  amounts,  60-100  mgs.  per  day,  in  the  urine  of  womt-u  during 
menstruation,  in  the  first  few  days  after  cliildbirtb,  and  duhug  preg- 
nancy. It  is  usually  present  in  children's  urine,  particularly  in  girls', 
and  may  mabc  from  ouc-lentli  to  one-third  the  amount  of  the  creatinine. 

The  amount  of  creatinine  excreted  in  adults  both  mole  and  female 
is  roughly  proportional  to  the  body  weight ;  about  7-11  mgs,  of  creatinine 
nitrogen  per  kilo  body  weight  being  excreted  in  24  hours.  This  figure  is 
called  the  creatinine  co-efBcient.  The  combined  creatine  and  creatinine 
undergoes  little  uliangc  during  Fasting,  but  the  amount  of  creatinine 
dimiui&lies  and  that  of  creatine  increases,  if  the  method  of  determina- 
tion of  creatine  is  correct.  The  same  result  occurs  in  carbohydrate 
starvation,  in  diabetes,  both  natural  and  phlorizin,  and  in  the  early 
stages  of  wastiug  diseases  su<>li  as  fevers,  uiusele-atrophy,  etc.  These 
facta  all  show  that  creatinine  has  an  endogenous  origin  and  that  unlike 
urea  it  is  unaffected  by  the  intake  of  protein. 

There  ia  found  in  the  voluntary  muscles  about  0,35-.4  per  cent,  of 
creatine  and  large  amounts  arc  found  also  in  the  liver,  the  involuntary 
and  heart  muscle,  in  the  brain,  testes  and  other  organs.  The  total 
amount  of  creatine  in  the  body  is  thus  about  120  grams.  This  creatine 
of  the  body  is  probably  the  origin  of  the  creatine  and  creatinine  of 
tie  urine.  The  muscles  have  the  power  of  forming  ercntiuc  from 
glyeotryamiue  and  tJicy,  and  other  oi*gaus,  can  turn  creatine  to  creatinine. 
Extracts  of  the  organs  have  this  same  power  which  is  probably  to  be  as- 
cribed to  a  fermtrnt.  Probably  I  he  kidneys  are  active  in  changing  the 
creatine  arriving  by  the  blood  lo  creatinine,  but  it  is  certain  Uiat  they 
ore  not  the  only  organs  having  this  property.  The  tissues  are  also 
able  to  destroy  creatine,  but  what  is  formed  from  it  is  unknown. 

The  increase  of  creatine  in  the  urine  in  diabetes  and  carbohydrate 
starvation,  or  after  the  injection  of  thyroid  extract,  is  ascribed  by  Folin, 
Shaffer  and  others  to  the  increased  catabolism  of  the  tissues,  but  it  IB 
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also  possible  that  it  is  dae  to  the  Butimg  tree  of  the  creatine  from  the 
combination  id  wliiob  it  is  in  the  tnusck's.  Nothing  dcfinito  is  known 
of  the  function  of  eiroatine  id  the  muscles  and  the  otiier  organs;  whether 
it  is  primarily  a  waste  product,  or  whether,  by  its  presence,  it  affects 
the  metabolism  of  the  titsiies.  Further  investigations  arc  verj-  neces- 
sary on  tliis  paint.  While  all  Ihc  really  importimt  questions  about  the 
origin  and  significance  of  crcuUno  and  creatimne  still  remain  unan- 
sworcd  it  appears  that  these  substances  bold  a  Tdry  important  place  in 
metabolism  and  the  constancy  of  the  excretion  of  creatinine  indicates 
that  it  is,  as  Folin  suggested,  an  index  of  the  real  eataholism  of  the 
vital  machinery  of  the  body  proper,  In  distinction  from  tliat  catabolism 
which  ineresses  Ihe  free  energj-. 

Purine  bodies  and  allantoinc  in  the  urine. — The  most  important 
purine  found  in  liuman  urine  is  uric  acid,  hut  thrrc  is  also  pnnent  abont 
30-50  nigs,  of  purine  bases,  xanthine,  hyposanthinc,  gnanino  and  adenine. 
The  first  two  are  the  more  ahnndant.  Allantoine  ia  present  in  adult 
human  urine  in  extremely  small  amounts,  not  more  than  14  mgs.  per 
day ;  but  in  other  luaminalia  it  may  be  present  in  very  mueh  larger 
aiuoiuils,  25-30  gramn  a  day  being  secreted  by  cowh.  While  allantoinu 
l<t  not,  strictly  speaking,  a  purine,  it  representa  in  many  mammalia  the 
end  prodnct  of  purine  metabolism  and  must,  therefore,  be  considered 
with  tJie  purines. 

Uric  acid. — Probably  no  nitrogenous  substance  in  the  urine  has  been 
more  studied  than  uric  acid.  It  is  present  in  human  urine  only  in  small 
quantities,  the  excretion  var^'ing  from  0.3-1.2  gram  per  day  in  the 
human  adult,  the  average  amount  being  about  0.6  gram.  The  amount 
varies  with  the  diet,  state  of  health  and  individual  idinsyncrasy.  Of 
th(t  total  nitrogen  of  the  urine  between  5  and  10  per  cent,  is  excreted  as 
uric  acid  nitrogen.  But  though  present  In  smalt  quantities,  this  acid  has 
long  attracted  the  attention  of  physicians  and  physiolf^isls  because  of 
the  problems  involved  in  its  origin,  its  significant  variation  in  disease, 
its  insolubility,  which  causes  it  to  form  part  of  the  sediment  of  the 
urine,  and  above  all  beeause  of  its  deposition  in  the  joints  in  the  form 
of  crystalline  inieolubh!  salts  in  arthritis  and  gout 

While  in  the  mammalia,  amphibia  and  fishes  tlie  quantity  of  urio 
acid  excreted  in  Ihe  urine  is  small  and  is  but  a  small  proportion  of  the 
total  nitrogen  outgo,  in  birds  and  rcpiilca  this  substance  taltcs  the  place 
of  urea  and  in  these  animals  most  of  the  nitrogen  excn^tion  is  in  this 
fortn.  In  the  invertehratcs,  also,  in  the  arthropods  and  particularly  in 
the  mollnsks,  the  excretion  of  nitrogen,  to  a  considerable  extent  at  any 
rate,  is  in  the  form  of  the  purine  bases  and  uric  aeid. 

ThPTp  can  be  little  doubt  that  the  substitution  of  uric  acid  for 
urea  as  the  form  of  nitrogen  wa.<!te  in  reptiles  and  birds  Is  an  adaptation 
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the  urine,  ccmputed  on  the  total  nitrogen,  is  also  greater  at  this  timi 
showing  tliat  the  nuelear  metabolism  is  greater  relative  to  other  metal 
oUsms. 

In  diseases  involving  tissue  decomposition  uric  aeid  excretion  is  also 
inurcaswl.  Tlius  aftcT  Uie  crisis  iu  pueumimiu,  when  the  esuilale  of 
tbe  lungs  containing  a  Iarg«  amount  ot  leut'Ouyt«s  is  being  digt^ted  by 
nutoly&is  and  reabsorbed,  there  is  a  great  im;n;aac  in  uric  acid  excretion. 
A  similar  Increase  is  se«n  in  leucaemia  (Icucocythomia),  a  disease  in 
whicli  the  number  of  white  blood  colls  is  mndi  increased  above  tbc  nor- 
mal and  tboir  decomposition  is  probably  greater  tban  the  normal 
amount.  Aiier  extensive  bumti  of  the  skin  uausiug  marked  destruction 
of  tissues  and  their  reabsorption,  there  is,  similarly,  an  increase  of 
uric  acid. 

Source  of  the  endogcHouj  acid.  We  have  now  to  inquire  wtiat  are 
Uic  atcpa,  what  tlic  jiroci'SKcs  am^  in  wliat  organs  tlic  undogciious  acid 
is  produced.  The  first  steps  in  tlie  solution  of  tbis  problem  were  taken 
by  llarcc  and  UorbaczcwsUi.  The  latter  first  succeeded  in  deriving  urie 
aeid  from  a  mammaliau  tissue  by  autolysis.  By  grinding  dog's  splceu 
in  a  meat  chopper  and  then  with  sand,  mixing  the  spleen  pulp  with 
blood  well  at-ratttl  and  kept  at  body  temperature,  he  was  able  to  sliow 
that  uric  acid  was  formed  from  some  elements  of  the  tissue  or  from 
nucleic  aeid  added  lo  the  pulp. 

From  these  c:Kpvrimcuts  Uorbuezcwski  eonehided  tltat  uric  acid  was 
produced  by  the  oxidative  decomposition  of  tlio  body  nucleius.  Of  the 
various  cells  of  the  body  undergoing  decomposition  the  leucocytes  of 
white  cells  of  the  blood  were  those  most  obviously  disiiit4<grQt)ng.  Ilor- 
baezewski  suggCKted  that  most  of  tbc  urie  acid,  namely,  tlial  following 
digi'stion,  pncumouia,  leucocylhemia.  came  from  the  uudeins  of  tliese 
cells  and  the  uric  aeid  excretion  was  an  imiex  maiuly,  but  not  exclu- 
sively, of  leucocytic  dc>eompositioQ.  lie  suggested,  also,  that  the  rise  iu 
uric  acid  following  nuelein  ingestion  was  not  due  to  the  direct  trans- 
formation  of  nucleins  of  the  food  into  uric  aeid,  but  was  an  indirect 
result  of  the  digestive  leucocylosis  and  decomposition.  Subsequent  re- 
search has  shown  this  view  not  to  be  strictly  true.  Leiieoeytosis  may 
occur  for  a  short  period  without  an  increase  in  uric  acid,  but  it  is  none 
tbe  less  true  that  a  long  continued  leueoc>'tosis.  involving  as  it  docs  an 
increased  decomposition  of  leucocytes,  always  iucreasi^a  uric  acid.  Tbe 
parallelism  iK  l^etweeu  the  amount  of  Icnooeytic  decomposition  and  uric 
add  excrctiou,  not  between  the  number  of  Icucoeytca  in  the  blood  and 
uric  acid  excretion. 

Further  investigation  of  the  nature  of  the  decomposition  of  nucleic 
acid  in  the  body  has  led  to  a  more  precise  knowledge  of  the  various 
steps  in  its  formation  in  mammals.    Thoro  are  in  nearly  all  cells,  and 
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possibly  iu  all  celja,  autolytic  or  ondoccllular  cm^mcs  or  nucleases, 
which  ducompoGC  uucluic  acid  into  its  vurioiiH  noiuitituunts.  The  decom- 
position of  the  nucleic  acid  may  occur  in  various  ways.  1,  There  may 
be  a  cleavage  into  mono-nuclcotides,  such  as  guanylic  acid.  This  acid 
ceufitals  of  guauino,  d-ribotie  aud  ortlio-phusphoriL*  aeid.  Such  uuclcasoi 
exiiit  probably  iu  yeaHt  where  guanylic  auid  and  adtuiosiue  havo  beou 
found.  They  occur  altio  iu  the  pancreaa  of  the  pig  (Joues).  The 
enzymt!  whidi  ihus  Hplits  uuclcic-  iiciJ  into  horizontal  sli(.-iM,  as  it  were,  is 
called  polynucleotidase.  2.  A  second  nuclease,  phosphonuclease,  splits 
off  phosphoric  acid  either  from  the  mono-  or  polynucleic  acids,  leaving 
the  uuclein  base  aud  the  carbohydrate  united  as  they  are  in  guauoslue 
and  adenosine.  3.  Still  another  cleavage  separates  the  nuclein  bases 
from  the  molecule,  leaving  the  phosphoric  aeid  joined  to  the  carbo- 
hydrate radicle. 

These  various  cleavng<'s  appear  in  the  autolysis  of  different  cells 
and  are  Iwlieved  to  be  due  to  different  mirleases.  At  any  rate  tb^ 
purine  bases  arc  act  free  in  most  autolyses.  Before  being  set  free,  Low- 
ever,  tJiey  may  be  oxidized  or  deamidized  and  then  split  free  from  the 
sugar.  Thus  in  some  organs  during  autolysis  guanine  is  not  set  free  as 
such,  but  as  xanthine  by  an  hydrolysis  as  follows: 


[IN— C=;0 
NH  =  C    C— KU     -f    no    +  (Gunna...-. 

Guanine. 


TIN— 0  =  0 

-     0  =  0    C— KH 


Ximthiii«. 


Adenine  may  be  eouverled  into  hypoxanthine  by  hydrolysis  by  adenase 
ami  Ihen  by  oxidation  to  xanthin.  The  xanlhin  may  then,  if  oxj-gen  is 
present,  be  converted  by  oxidation  through  the  agency  of  the  ferment 
xanltiinosidase  to  uric  acid. 


N=C— NH 


HN— C  =  NH 


Ad-en  inc. 


;i     i— NH      -ui    d  — NH    +    H^O    +  (AdeiMi*.'.)=HO    C— NH    + 


Imtdc  tonn. 


HN  — 0=0 

HO      C— NH    +    O    +     (Xwithinoxidaw.) 

Hy|>oxantliine. 
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ilK— 0  =  0 
_          00      C  — NH    +    0    +   (Xnii 
1                    1      >H 

XonLliiiic, 

=      00     C— NH                ' 

Sc=o 

as-d— NH           4 

Dric  Bcid.                      ' 

Uiinoxidaae.) 

The  following  list  of  enzj'mes  coocemed 
tion  lias  been  given  by  Jones  and  Amberg: 

1.    l'LoM[iliotiucl«'-««v.                                       9, 
&.   Purine  nuclcttae.                                    7. 
3.   QuanoaiDe  ilMftiuidMe.                          B. 

L              4.   Adcnoain*  d«iamidAM.                            0. 

W             6.   Adt.-na8».                                               10. 

in  nucleic  acid  decomposi- 

OuAttAte. 

Xoatbovin  hjdralBac.              i 
InofliiM  bjnlroUae.                   ■ 
XiuiUiitioiJddM!.                      ■ 
Uricsflfl.                                    m 

Ttie  pbosphouuclcaae  splils  off  pliosphorie  axxd  trom  nucleic  acid ;  vrliUe 
the  purine  nudcoec  splits  off  the  purines,  learing  the  phosphoric  a«id  aad 
sii{;ar  group  united.  This  is  quite  similar  to  the  splitting  of  rafRnose  by 
the  two  eiuyiQes  euiulsin  and  iiivorlin.  Eaflluoso  is  fructosc-glucofie- 
galactose.  luverlin  Kplits  off  fructose,  leaving  meUbioea,  or  glucose- 
galactose.  Emulsui  spliui  off  galactose,  leaving  tuiueh arose.  By  the 
action  of  ttiosc  various  eniiyiiiisi  uric  acid  will  be  formc<l  from  tlic  cntab- 
olizcd  nuclcii;  arid. 

The  distribution  o£  these  various  enzymes  in  different  organs  diUcns 
in  different  auimals.  They  arc  found,  however,  for  the  meet  part,  in 
the  livor,  the  spleen,  the  paacreaa  and  thymus.  It  is,  on  tlie  whole, 
probable  that  some  members  of  the  group  of  euzymea  are  fuuiid  in  all 
tissues  of  the  body,  since  the  partial  destruction  of  nucleic  acid  and  the 
conversion  of  guanine  and  adenine  in  their  nucleic  acids  to  hypoxon- 
thinc  and  xanthine  on  autolysis  eppcnrs  to  be  a  very  common,  if  not  a 
oniveFsd  phenomenon.  The  detenninadon  of  the  presence  or  absence 
of  these  various  cn^mes  in  different  organs  in  vitro  is  subject  to 
various  sources  of  error.  Thus  there  may  be  inhibitory  substances 
present,  or  the  em^mes  may  be  present  at  times  but  not  at  others,  or 
diet  may  play  a  part  in  their  appearance.  The  statements  in  Qie  litera- 
ture are,  therefore,  in  part  eonlradictory.  Negative  evidence  is  not 
worth  a  great  deal.  Wdls  has  compiled  the  resxilts  and  from  his  state- 
ment the  following  excerpt  has  been  made: 

1.  Nuclease.    Present  in  all  cells  investigated. 

2.  Adenase.  Present  in  all  cells  and  tissues  examined,  including 
bARterta,  except  human  spleen,  liver,  pancreas,  kidney  aud  lung,  the 
homau  fetus  of  three  months,  tissues  of  the  fetal  dog  until  birth. 

9.  Gaanase.  Present  in  tissues  and  cells  investigated,  except  human 
spleen,  spleen  and  liver  of  the  pig  and  the  pancreas  of  the  dog. 

4.  Xaiilhine-oxidase.  Present  in  the  spleens  of  dogs,  ox,  horse,  but 
absent  from  the  spleen  of  man  and  the  pig;  present  in  the  IJver  of 
men,  cows,  pig,  rabbit,  and  possibly  the  dog;  present  in  bovine  muJKlc, 
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iutestinH  and  luug,  but  uot  iii  the  tli^mus  and  blood  of  catUe,  nor  in 
the  lungs,  pig's  i)ancreaH,  dog's  pancreas  and  human  placenta.  It  is 
lacking  in  the  chiuf  liiiman  tissues  except  the  liver. 

DMtruction  of  uric  add.  Uricolysis.  Uric  acid  is  an  easily  oxidized 
and  hydrolyzed  substance.  It  ta  not  surprising,  therefore,  that  whai 
appears  iu  the  uriue  is  only  that  portion  which  has  escaped  destruction. 
By  oxidation  allautoine  isi  easily  t'»rmed  and  this  is  cen^inly  one  of  the 
substances  formed  in  the  bodies  of  moat  mammalia  as  a  result  of  url- 
colysis.  The  human  body  alonts  and  tliat  of  the  chimpanzee  appears  to 
have  lost  the  power  of  destroying  uric  acid.  If  uric  acid  is  given  by 
the  mouth  only  a  small  portion  of  it  reappears  in  the  urine  as  such. 
For  a  long  time  it  was  thought  tJiat  the  remainder  had  been  destroyed 
by  the  tissues,  but  it  now  seems  more  probable  either  that  it  has  been 
destroyed  by  the  bacteria  io  tlie  intestine  or  not  absorbed.  Its  fate  is 
unknown.  In  most  of  tlie  mammalia  Ihe  pnrine-s  are  excreted  chiefiy  in 
the  form  of  allantoino,  uric  acid  is  Mie  next  most  important  substance 
and  the  bases  are  excreted  in  very  small  amount;  but  in  other  mammals 
the  bases  may,  at  times,  surpass  the  uric  acid  excretion.  In  luinmii 
beings,  as'  has  been  said,  all  observers  except  Croftan  have  failed 
to  find  any  uricolysis  by  the  extracts  of  human  organs  and  ollantoine  is 
present  in  sueh  small  amounts  in  human  urine  that  tJie  opinion  is 
generally  accepted  tJiat  human  tissues  have  lust  the  power  of  destroying 
uric  acid.  On  the  otlier  hand  allantoine,  taken  by  human  beings  by  the 
uioutb,  docs  not  appenr  iut  sitch  in  the  nrine  (l^tinkowKki). 

This  destruction  of  uric  acid  is  brought  to  pass  chiefly  in  the  liver 
or  kidneys,  which  contain  in  mammals  except  man  and  the  primates  a 
uric  acid -destroying  enzyme  or  uricolytic  cnEymc,  called  urkase. 

The  first  thorough  study  of  the  destruction  of  uric  acid  was  made 
by  Croftan,  who  found  that  uric  acid  \a  destroyed  chieSy  in  the  liver  by 
eamivora,  in  the  kidney  by  hcrbivora,  and  by  both  these  organs  in 
omnivorous  animals,  men  and  pigs.  He  succeeded  in  isolating  a  sub- 
stance from  these  organs,  an  alhumoti»-1ike  body  and  a  nudein,  which 
were  inert  when  separate,  hut  which  were  actively  uricolytic  when 
united.  His  results  have  been  criticised  by  various  workers  to  the  effect 
that  he  did  not  sufficiently  guard  against  the  decomposition  of  uric  acid 
by  alkali  and  air  alone,  but  in  view  of  his  controls  the  criticism  appears 
to  the  author  to  be  unfounded  and  subsequent  investigations  have  con- 
firmed nearly  all  of  his  findings.  According  to  Schittenhelm  and 
Wells,  human  liver  does  not  contain  uricase.  It  hos  been  found  in  mon- 
key's liver,  but  not  in  that  of  the  chimpanxee.  Croftan 's  positive  find- 
ii^  of  uricase  in  human  liver  remains,  as  yet,  unexplained.  It  is  pos- 
sible that  under  different  conditions  of  disease,  or  possibly  of  diet,  the 
uricase  may  vary  in  amount. 
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The  following  are  some  of  the  results  of  Croftan  in  the  destruction  of 
uric  acid  by  the  ground-up  dried  organs  after  they  had  heen  extracted 
with  alcohol  and  ether.  The  uric  acid  was  dissolved  in  weak  sodium 
carbonate  and  the  orgim  powders  were  suspended  in  this  and  a  stream 
of  air  passed  through. 


ADimal 

Organ 

Plaak  1. 
Uric  acid  de- 
termined at  once 

Flaak  2. 
Boiled  and  tben 
48  hoars  at  S8» 

Flaik  S. 

Not  boiled  at 

88" 

0.225 

48  hoDn 
Lose  percent. 

Dog 

Liver 

0.327 

0.325 

31.1 

Kidney 

0.319 

0.319 

0.312 

2.4 

Muscle 

0.330 

0.326 

0.303 

8.2 

Blood 

0.321 

0.317 

0.313 

2.6 

Spleen 

0.327 

0.320 

0.319 

2.4 

Similar  results  have  heen  obtained  by  Schittenhelm,  Wiechowski  and 
other  observers. 

Chemistry  of  the  destruction  of  uric  acid,  Allantoine.  In  m(»t 
mammals  allantoine  is  formed  by  the  oxidation  of  uric  acid.  Certainly 
in  the  dog  all  of  the  uric  acid  appears  to  go  into  allantoine,  but  whether 
this  is  always  the  case  in  other  mammals  or  not  is  very  doubtful.  In 
most  experiments  in  which  uric  acid  has  been  ingested  or  injected  only 
a  portion  of  the  uric  acid  thus  ingested  has  been  recovered  as  allantoine. 
What  becomes  of  the  rest  is  unknown.  In  human  beings  the  allantoine  is 
not  increased  by  uric  acid  ingestion  or  injection,  but  the  uric  acid  is  in 
part  excreted  as  such.  In  fowls  it  appears  from  the  work  of  Ascoli  that 
certainly  a  portion  of  uric  acid  is  hydrolyzed  in  the  liver  to  form 
dialuric  acid,  as  shown  on  page  736.  Perhaps  this  happens  in  other 
animals.     This  question  must  be  left  for  further  investigation. 

According  to  Sundwik,  the  oxidation  to  allantoine  by  permanganate 
probably  goes  through  uroxanic  acid  as  follows: 
NH— CO  NH— CO 


OC 


i_K 


NH      -j- 
CO 


HOH     +      0     = 


00 
I 


I  I 


C(OH)NH 
I 


-f    NaOH 


MI     C— NH 
Uric  acid. 


j)CO 

NH— C(OH)N^ 
Intermediate  form. 


NH      COONa 

2 


OC 


C(OH)NH 

I  I  ^ 

I  I  / 

NH— C(OH)NH 

Uroxanic  acid 

(sodium  salt). 


by  acid     — » 


CO 


NH^ 

OC        CO— NH 

I        I       \co    +    CO, 

NH— CH— lOI 
Allantoine. 
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The  oxidation  in  dogs  and  other  mammals  may  follow  a  similar 
course. 

Distribution  of  nitrogen  between  differetit  purine  hodifg  in  di^trent 
tJtammalia.  In  most  of  the  mammalia  79-98  per  cent,  of  the  uric  acid 
formed  in  the  body  is  conrerted  into  allantoine.  In  man  80-100  per 
cent,  appears  to  escape  destruction.  The  proportion  of  uric  avid  and 
bases  also  varies  widely.  The  following  table,  taken  from  Hunter  and 
Qirens'  work,  illustrates  this  variability  in  different  mammalia.  The 
figures  under  total  purine  nitrogen  are  simply  avemge  figTiros  added 
from  their  other  tables  to  give  some  idea  of  the  total  niLrogcn  appear- 
ing per  day  in  the  form  of  purines,  including  allantoine.  This  total  is 
very  variable  and  depends  in  part  on  diet,  since  many  vegetables  con- 
tain allantoine. 


OrtmndtpMioi 

Tulal  purine 

iillroEBn— 

gnni. 

Pel  Mvt.  of  parliie-allKntoliM  nlttnj[*n 

Utitoirtio 

T*iirin« 

Allul«lll« 

16.0 

6.0 
3.7 

16.0 
7.0 
7.S 

1E.0 
1.6 

fi.4 
l.tf 
3.0 
1!.0 

8.0 

60.0 

Bmm 

6.0 

3.0 
2.7 

20.V 

12.0 

0.7 

0.5 

6.6 

2.0 
1.2 
1.3 
1.S 

26.0 

8.0 

CoaDlcleni 

M>naplalia 

UpaNMini 

Bo<l«ntla 

lUbbit 

Guinea  pig. . 

lUt 

UBguIftta 

Qoat 

0.2-0.6 

1.0 

S.0 

1.6 

0.3 

O.SA 

O.I-O.S 

0.1B 

0.045 

0.2 

76.0 

»1.0 
03.7 

64.0 
61  .U 
02.1 
8S.0 
KJi 

«.fl 
96.9 
97.1 

u.e 

60.0 
2.0 

79 

se 

04 
06 

80 
02 

o:i 

88 

»s 

95 
98 
69 
97 

69 
0 
2 

4.1 

26.0 
27.0 
37.0 

6.0 
17.0 
16.0 

Pig 

3.7 
12.0 

Omiviora 

Baecoon 
Bml^fiT 

16.0 

28.0 

Prima  tM 

Uonkey 

Chimpanx<« . . 
Uan.     ..   ... 

2S4H 

4Jt 
8.6 

The  foregoing  table  sliows,  at  a  glance,  the  exceptional  nature  of  the 
purine  metabolism  of  man  and  the  cliimpajizec.  Attention  is  called  to 
the  fact  that  in  tlie  monkey  and  some  other  mammalia  the  proportion  of 
purine  base  nitrogen  may  be  larger  than  that  of  uric  neid.  The  fact  that 
in  man  "oric  acid  is  so  much  greater  thim  the  allantoine  has  led  to  the 
condoston  that  man  has  no  power  of  destroying  uric  acid,  and  this  is 
in  harmony  with  the  fact  of  the  absence  of  urieajw  from  his  tissues. 
But,  on  the  other  hand,  the  very  small  purine  coefficient  arouses  the  sus- 
picion that  some  of  his  purine  eatabolisin  is  represented  in  other  forms 
of  nitrogen,  and  the  question  wheUier  man  does  or  docs  not  destroy  uric 
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acid  or  other  purinia  cannot  be  suid  to  bo  dcfmUely  settled.  The  purine 
coefficient  in  the  above  table  represents  the  millieraius  of  purinc- 
allantoine  nitrogen  secreted  per  day  per  kilo  body  weight; 
the  uricolytio  index  is  the  ratio  of  allontoino  mtrogcn  to  the  sum 
of  allantoine  and  uric  acid  nitrogen  only.  "It  is  tabeu  as  the 
measure  of  the  animal  'a  capacity  to  oxidize  uric  acid  ariaing  iutenne- 
diarily." 

With  the  discovery  of  the  origin  of  uric  aciil  we  have  not,  by  any 
means,  exhausted  the  subjeet.  Uric  acid  is  but  one  of  the  purines, 
purinps  arc  important  constituents  of  the  most  imirortant  constituent  of 
living  matter,  namely,  the  chromatin  of  the  eell  nuclei.  The  very  preg- 
nant question  remains  behind,  namely,  can  the  animal  or|*anism  mok?  its 
purines  from  other  nitrogenous  material  of  a  non-protein  kind,  or  must 
it  depend  entirely  on  purine  materials  in  the  foodT  If  it  do*?fi  make 
purine  from  amino-aeids,  wliy  may  not  some  of  the  uric  acid  have  tlits 
origin!  Why  must  it  he  formed  altogether  from  th«  nnelcins  of  the  food 
or  from  those  of  the  bo^Iy  ccrlisT  The  question  thus  raised  is  susceptible 
of  but  purtial  answer  at  this  time.  A  recent  ohsmalion  of  Taylor  and 
Rose,  in  which  a  man  on  a  purine-frce.  egg.  starch  and  sugar  diet  in- 
creased the  nitrogen  intake  from  about  6  to  40  grams  of  nitrogen  per 
day  with  an  accompanying  increase  of  uric  acid  excretion  from 
about  0.3  to  0.82  gram  per  day  would  indicate  that  Uic  uric  acid  of 
the  urine  may  he  synthesixed  in  part  from  non-purine  pre<!ursors. 
On  the  other  hand,  tliis  rise  may  be  due  to  a  stimulated  nuclein 
catabolism. 

Synihf^is  of  uric  add  in  birds  and  rept^s.  There  is  no  douht  that 
the  sauropsida,  the  birds  and  reptiles,  are  able  to  form  purines  and 
uric  acid  from  non-purine  foreninncTH.  Thus,  if  they  be  fed  on  proteins 
poor  in  nuclein,  the  greater  portion  of  Uie  nitrogen  appears  in  the 
urine  iu  the  form  of  urie  acid.  Similarly,  if  their  livers  be  perfused 
witli  blood  containing  various  amiuo-aeids,  uric  at-id  is  formed.  They 
convert  ammonium  lactate  iaLo  uric  acid.  Purine  synthesis  is  for  them 
ver>'  easy  of  accompli^unent.  Moreover  ull  the  invertebrates,  so  far  as 
they  have  been  examined,  arc  found  to  ficcrctc  their  nitrogen  larsroly 
in  the  form  of  purine  nitrogen.  They  must  manufacture  their  uric  acid 
also  from  non-purincs.  All  plants  have  this  power.  Assuredly  so 
general  a  property  of  living  matter  is  not  lacking  in  the  mammals.  All 
mammals  live  during  the  first  mouths  of  life  chiefly  on  milk,  which  is 
almost  free  from  purines,  and  at  this  very  time  they  are  manufacturing 
and  catabolizing  nucleius  at  a  very  rapid  rate.  In  the  developing  bird's 
egg  the  purinc-frec  proteins  of  the  yolk  and  white  are  in  part  con- 
verted rapidly  into  nucleic  acid. 

The  power  of  synthesizing  purines  from  non-purine  precursors  ap- 
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.peai^tblMforc,  to  be  a  universal  attribute  of  livinK  cdla.  It 
All  pToibaKIe  that  Ibis  pon-er  is  lost  in  the  adult  mammaUft,  for  no  ert- 
deoce  bas  thus  far  b«en  obtained  that  purines  are  necossary  in  tbe  food 
to  malce  good  purine  waste.  With  the  uiamiualiau  organism  having  this 
jMiwer  of  tij'Utbesis  of  purines  which  arc  converted  so  ruadity  by  the 
purine  oxidaxes  into  uric  acid,  it  would  appear  stirprUing  if  Hoioe  of 
1h«  uric  acid  was  not  formed  directly  from  purine  thus  produc«d.  be- 
fore it  has  been  incorporated  into  the  nucleic  acid.  We  have  no  evi- 
dence, however,  that  it  ia  so  produced,  and  it  might  be  that  tiie  syntfaesia 
took  place  only  in  the  nucleus  of  which  the  membrane  might  permit  the 
passage  inward  of  raw  materials,  but  prevent  the  passage  outward  of 
the  synthesized  purines  before  they  were  incorporated  in  the  chromatin 
or  nuclein.  The  fatft  that  the  nuclear  wall  is,  in  many  eases,  derived 
from  or  composed,  in  part  at  least,  of  chromatin,  tbrougli  which  the 
purine  must  pass  before  escaping  to  the  cytoplasm,  might  be  a  device 
responsible  for  the  failure  of  uric  acid  to  be  set  free  from  these  purines. 
The  purine  oxidases,  perhaps,  are  in  the  cytoplasm,  rather  than  in  the 
nucleus,  and  so  act  only  on  those  purines  which  escape  from  the 
nudeiu. 

Various  attempts  have  been  made  to  discover  what  the  raw  ma* 
terials  are  from  which  pyriraidine  and  purine  might  be  formed.  This 
matter  has  been  discussed  already  on  page  133.  The  presence  in  the 
sperm  bead  of  such  large  amounts  of  the  basic  amino-acids.  histidine, 
lysine,  and  argiuine,  draws  attention  to  these  substances  as  the  possible 
precursors.    Moreover,  aif^iniiie  has  ^anidiuc  already  in  its  molecule. 

Not  only  docs  the  dog  and  ox  liver  have  the  power  of  destroying 
uric  acid,  but  it  will  also  resynlhesizc  it  if  the  conditions  are  changed 
(Ascoli  and  Izar).  The  same  fact  is  true  of  tho  livers  of  birds,  idtliough 
their  behavior  in  this  respect  appears  to  vary  with  the  diet.  Thus  hens 
fed  in  the  laboratory  resynthesized  uric  acid  without  difficulty  (Izar), 
and  behaved  botli  in  regard  to  nricolytic  powers  and  rcsynthcses  like 
dog's  liver,  whereas  little  rcsynthesis  was  obtained  from  the  livers  of 
hens  bought  in  the  market.  Brunton  and  Bokenfaara  showed  long  aince 
that  the  power  of  n.'synthcsis  was  lacking  in  livers  of  dogs  'which  have 
fasted  72-192  hours;  such  dogs  have  also  a  much-reduced  power  of 
uricolysis,  a  fact  of  importance  in  understanding  the  contradictory 
results  obtained  with  human  livers.  If  Wood  was  addud  wliicli  had  h^'ett 
talcen  from  a  dog  Fed  shortly  before,  the  power  of  sj'nthcsis  returned. 
The  following  protocol  illustrates  this. 
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rXfCBIHENT    IlXUSTRXTIHO    THE    DePENDEKCE    OH   DlFT   OP    URIO    AcID    DKSTBUOTIOH 

AKD  Synteesib  BY  Doo's  LirTB: 

ICO  grams  of  aJeved  liver  pulp  of  a.  dog  5  days  fasting  plus  1400  c.c.  O.S5%  NaCl 
[lua  043.0  mgs.  uric  acid  in  200  c.c.  Li  CO  (liftO)  solution.  3  days  autolyzed  with 
nir  dr.iwn  through  and  then  divided  into  4  equal  parts. 

;lli1c  add  recoTered 
A,     Coagulated  immediately  149.6  mgs. 


B.  Added  100  c.c.  NaCl  solution 

C.  "        "    "   defibrinated  blood  of 

dog  fasting  72  hours 

D.  Added  100  c.c.  deflbrinated  blood  of 

dog  fed  12  hours  before  


then 
72  hours 
autolysis 
under  CO, 


147J 


104.3 


228.22 


It  will  be  seen  that  under  CO^  the  autolysis  for  72  hours  caused  no 
reformation  of  uric  acid  except  when  blood  had  been  added  from  a  fed 
dog.    The  uric  acid  increased  in  this  case  77  rags. 

UB1C0LYBI3   AND  REflENEBATtON   OF  UBIC   AcID   IS   THE   LiVEBa  Or  HeNS,   GeESE   AHD 

TUEKEYB. 


Liver  of 


10  prr  cent. 
Bicied  liver 

jiulp 
c.  c. 


Hen 

1 

180 

(( 

2      1 

160 

tl 

3 

100 

tl 

4 

290 

it 

5 

220 

U 

6 

350 

Turkf^v 

1 

1250 

n 

2 

1010 

tt 

3 

1140 

n 

4 

i:i80 

II 

5 

1170 

tt 

6     1 

1240 

Gof>8e 

1 

1430 

" 

2      1 

1000 

it 

3      1 

1750 

t. 

4      ' 

1730 

1. 

5      1 

1540 

It 

6      1 

1150 

Uric  arid  found 

r-'Urlc  Bcld  round 

Honrx 

Atliled  iiric 

■rttr  TS  houn 

af  Icr  ft  fartber  TS 

fmitiDg 

acid— mgs. 

■iitolrglB  nndct 

boura  aaloljBia 

441 

mir 

under  COn 

3 

60.2 

322.8 

48 

Si 

223.4 

242.4 

72 

It 

210.3 

334.9 

e 

391.2 

30.2 

314.7 

43 

417.0 

264.6 

309.0 

3 

790 

266.4 

635.8 

10 

640.7 

67.8 

656.1 

120 

817.4 

762.6 

740.2 

4 

707.2 

136.6 

741.8 

10 

970.1 

188.0 

814.2 

96 

832.1 

654.2 

708.2 

48 

847l4 

660.2 

022.8 

10 

811.1 

34.2 

738.8 

10 

817.4 

168.6 

734.2 

43 

1014.0 

966 

982.2 

96 

800 

830.0 

804.6 

48 

1034.0 

802.0 

879.4 

102 

013 

876.0 

868.0 

These  experiments  sliow,  first,  that  birds'  livers  have  great  powers 
of  urieolysis  and  this  power  is  enormously  reduced  by  previous  fasting ; 
and,  second,  that  the  uric  acid  reappears  if  autolysis  is  continued  for 
72  hours  under  COj.  If  the  uric  acid  is  really  destroyed,  it  would 
appear  that  wlien  oxygen  is  present  uric  acid  is  destroyed  or  hydrolyzed 
and  resynthesized  by  reduction  or  when  CO,  is  abundant.  The  quantity 
reappearing  is  in  all  cases  proportional  to  tliat  which  disappears.  The 
resynthesis  depends  here,  also,  on  the  presence  in  the  blood  of  a  thermo- 
lahile  enzyme,  and  an  alcohol-soluble,  heat-stable  component  in  the 
liver,  but  this  coferment  is  not  present  in  the  kidney.   Hen 's  blood  alone 
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destroys  uric  acid  very  fast.  The  ferment  is  not  specific,  that  is  the 
ferment  in  dog's  blood  will  act  in  the  case  of  the  hen's  liver.  A 
further  investigation  showed  that  in  the  presence  of  CO3  liver  forms 
uric  acid  out  of  dialuric  acid  and  urea.  On  the  other  hand  lactic, 
paralactie,  tartronic,  acrylic,  oxalic,  mesoxalic  acids  or  their  salts  caused 
no  uric  acid  formation.  Allantoine  had  no  effect.  Izar  was  unable  to 
isolate  the  intermediary  substance.  It  would  seem  probable  from  these 
observations  that  the  liver  decomposed  uric  acid  to  dialuric  acid  and 
urea  and  resynthesized  them  under  conditions  of  reduction  and  possibly 
of  a  change  in  reaction  due  to  the  CO,. 

NH— C  =  0 

0  =  C       CHOH  NH^ 

II  +  ^CO  j        11        \C0    +    H^O 

NH— C  =  0  NH,  NH— C— NH 

Dialuric  aciil.  Uren.  Uric  acid, 

Allantoine.  C4H9N4O1,.  Allantoine  is  the  diureide  of  glyoxylie  acid. 
This  acid  will  unite  with  urea  through  each  of  its  hydroxyl  groups  to 
form  a  diureide  according  to  the  following  equation: 


+  3H..O 


Boiling  with  alkalies  decomposes  it  by  hydrolysis  into  urea  and 
glyoiylic  acid. 

Allantoine  is  easily  produced  by  (he  oxidation  of  uric  acid  with 
lead  peroxide  and  the  allantoine  of  the  urine  arises  certainly  in  part 
from  the  oxidative  decomposition  of  the  purines  as  already  discussed. 
Carbon  dioxide  is  produced  at  the  same  time. 

By  boiling  water  allantoine  is  hydrolyzed  into  urea  and  allanturic 
acid  as  follows: 

NH— CH— NH— CO— Nil  NH— CH— OH 

II                                    '  II 

OCJ  +H0 00        I  +H  N— CO— Nil 

II  'II 

NH— CO  NH— CO 

Allantoine.  Allanturic  acid.  Urea. 

If  allanturic  acid  is  reduced  it  yields  hydantoine,  C^H^NjO,,  which 
when  hydrolyzed  goes  over  into  hydantoic  acid  (glycol  uric  acid)  and 
finally  to  glyeocoll  and  ammonium  carbonate. 


NH 

HO— CH— OH 

1 

1 

Nil— CH— I 

1                      1 

1 
CO 

1 

1 

+               i 
1 

1 
+         CO 

1 

0  = 

1          1 
=  C         1 

1                      1 

Urea, 

i 

HO— C  =  0 

Glyoxylic  acid. 

N,N 
Urea. 

1          1 

NH— C  =  0 
AtlaiitJiinc. 
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It  wiU  be  noticed  that  the  ring  in  hydantoinc,  except  for  the  double 
bonds,  is  the  imidfLzolo  rin^.  Allantoine  ia  thus  related  to  the  base 
histjdine.  It  is  also  related  to  cyanuric  acid,  CjH,N,0.,.  Allantoine 
crystalUzcB  from  urine  in  shoafa  of  plale-like  eryslala,  but  when  pure  in 
clumps  of  prisms,  m.p.  231-232. 

Allantoine  hati  been  found  in  thi;  nrtno  of  herbivorous  and  carnivo- 
rous animals ;  in  calvca',  cows'  anil  Hhecp  urine  and  in  that  of  the  dog,  eat 
and  monkey.  It  was  first  found  in  the  allantoic  Quid  of  the  calf,  n-bencc 
its  name.  It  is  not  found  in  the  urine  of  human  adults,  except  that  it 
hafi  been,  at  times,  found  in  the  urine  of  pregnant  and  nursing  women. 
It  is  said  to  occur,  however,  in  the  urine  of  children  in  the  first  week  of 
life.  Human  adults  ar«  said  to  1>e  able  to  destroy  allantoine  taken  by 
tbe  moutb,  but  the  lower  animals,  such  as  monkeys  and  tbe  camivora, 
arc  not  able  to  do  so,  nor  ciin  a.  young  cliild.  It  is  doubtful  whetlior 
human  adults  n^ally  huvc  the  power  of  destroying;  the  substance. 

In  the  lower  animals  and  monkeys  allantoine  appears  to  be  a  ter- 
minal product  of  the  purine  metabolism  and  allantoine,  given  by  tlic 
mouth,  is  excreted  unchanged  in  the  urine.  In  man,  however,  allantoine 
taken  by  the  mouth  does  not  appear  as  such  in  the  urine  (Minkowski). 
It  is  apparently  oxidized  but  the  prochicts  of  its  oxidation  have  not  been 
found.  It  is  poasible  that  the  destruction  occurs  in  the  intestine.  Allan- 
toine may  be  prepared  from  the  urine  of  cows  wltich  eccretc  20-30  grams 
a  day.  Tbe  method  for  ita  quantitative  acparation  from  the  urine  is 
complicated  and  described  on  page  970. 

Since  purines  are  found  in  plants  as  well  as  animals  it  is  interesting 
to  note,  as  showing  how  closoly  similar  the  chemical  proecssoa  are  in  the 
two  divisions  of  the  living  kingdom,  that  allantoine  is  also  found  there. 
It  occurs  in  sprouting  wheat  seedlings  and  is  a  constituent  of  the  bruise- 
wort  or  slippery  root,  Sympbytium  officinale. 

Hippuric  acid. — This  acid  ia  found  in  iJie  urine  of  herbivorous  ani* 
mals,  such  as  horses  or  cows,  in  lai^  amount,  but  only  about  .7  gram 
per  day  occurs  in  human  urine.    It  is  of  especial  interest  because,  unlike 


i 


728  PHYSIOLOGICAL  CHEBUSTBY 

all  the  Bubstances  discussed  hitherto,  it  represents  one  of  the  chemical 
methods  of  defense  of  the  organism  against  .toxic  substances  and  is 
formed  in  the  ^jjjj^j^lgg^or  at  least  part  of  it  is.  From  both  these 
points  of  view  it  will  well  repay  a  careful  study.  The  name  connects  it 
with  horse  urine.  (Gr.  hippos,  horse;  and  ouron,  urine.) 
Chemistry.    Hippurie  acid  is  benzoyl-glycin,  CbH^O,, 

O 

C    — C— NH— CH  — COOH 
HC  CH 

Hi  Hh 

Hippurie  acid. 

It  is  easily  decomposed  by  alkalies,  by  bacterial  action,  by  boiling 
acids,  or  by  an  enzyme  of  the  kidney  (histozyme)  into  glycocoU  and 
benzoic  acid.  It  crystallizes  in  long,  fragile,  rhombic,  four-sided  prisms, 
which  dissolve  in  600  parts  of  cold  water,  more  easily  in  hot,  readily 
in  alcohol,  slightly  in  ether,  but  readily  in  acetic  ester;  but  which  are 
not  soluble  in  benzene,  petroleum  ether  or  carbon  bisulphide.  The 
melting  point  is  190.2°  (187.5°I)  and  by  farther  heating  the  crystals 
form  a  red  mass,  which  decomposes  with  the  formation  of  an  odor  of 
hay  and  then  of  hydrocyanic  acid  and  benzoic  acid.  Hippurie  acid  may 
be  recognized  by  the  odor  of  nitro-benzene  obtained  on  evaporating  U 
with  nitric  acid  and  heating  the  residue,  a  reaction  given  also  by  benzoic 
acid.  It  is  differentiated  from  benzoic  acid  by  the  insolubility  of  hip- 
purie acid  in  petroleum  ether.  The  alkali  and  alkaline  earth  salts  are 
soluble  in  water;  the  silver  salt  is  less  readily  soluble. 

Occurrence.  Hippurie  acid  occurs,  not  only  in  the  urine  of  cows, 
horses,  pachyderms,  camivora  and  man ;  it  has  been  found  in  the  sweat 
after  heavy  doses  of  benzoic  acid;  in  the  urine  of  turtles  and  some 
insects ;  but  not  in  bird 's  urine.  In  the  urine  of  birds  one  finds  in  place 
of  hippurie  acid  omithuric  acid,  a  compound  of  benzoic  acid  with 
diBmiuo-valerianic  acid,  or  ornithine,  CbH,2N,0i,  in  place  of  glycocoll. 
It  is  said  by  Baumann  that  hippurie  acid  completely  disappears  from 
d(^'s  urine  if  there  is  no  putrefaction  in  the  intestine. 

Amount.  The  amount  contained  in  the  urine  varies  with  the  diet. 
On  a  diet  containing  much  fruit  or  vegetables  the  excretion  by  human 
beings  may  rise  to  two  grams  a  day.  Herbivorous  animals  excrete  a 
great  deal  more  than  carnivorous.  Its  variation  in  disease  has  not  yet 
been  studied. 

Origin.  The  wide  variation  of  the  excretion  with  tlie  diet  indicates 
at  once  that  part  at  least  of  the  hippurie  acid  must  be  derived  from  the 
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aiid  this  ha*  been  coufinned  by  experttneat.  An  increase  in  the 
inlukc  of  bcnsoic  acid,  or  of  subtitunccii  which  utn  form  benzoic  acid  iu 
thij  body,  causes  a  marked  incrcsiiv  in  the  hippuric  acid  escretcd.  An 
inorcaso  in  slycocoU  intake,  however,  produces  no  change  in  the  output 
ol  hippurie  acid.  Glycocoll  is  supplied  by  the  body,  benzoic  aeid 
mainly  from  t-be  foods.  Since  benzoic  aeid  i&  more  toxic  tbon  bippurie 
acid,  the  cnnvemion  i.<t  oviiUmlly  a  process  of  detoxicalion,  a  means  of 
defense  of  the  orguuisni  against  poisons.  %V^c  find,  indeed,  that  not  only 
docs  the  organunn  defend  itwlf  against  benzoic  arid  by  pairing  it  with 
glycocoll,  but  oIho  against  other  aromatio  subslAnRcs,  such  as  phenyl 
acetic  acid,  eresole  and  phenols,  the  same  means  of  defense  is  used.  The 
formation  of  glycocholic  aeid  in  the  bile  may  be  a  similar  process,  since 
ehoiio  aeid  is  decidedly  toxie.  It  may  be  mentioned  also,  in  this  con- 
nection, that  other  ftiibstanees  than  glycncoll  may  be  used  for  pairing 
purposes,  namely,  sulphuric  and  glyeurontc  acids. 

Toxic  substances  owe  their  toxicity  to  two  pwuHnrities:  first,  thi-y 
possess  a  large  amount  of  available  potential  encrfcy,  being  generally 
unstable  compounds  which  liberate  energy  on  decomposing;  and,  second, 
tliey  are  abnormal  subsTani'es  not  used  in  the  normal  metabolism  of 
the  cells  in  question.  The  organism  protects  itself  against  such  sub- 
stances in  several  different  ways.  Tt  may  oxidise  them  and  thus  make 
them  more  stable:  or  by  making  them  unite  with  other  compoundK 
whieb  are  stable  and  inert  they  are  rendered  indifferent  ia  the  body.  Tt 
may  happen  that  oxidation  reudcrs  substances  unstable  rather  than 
more  stable  and  on  organism  may  in  this  way  increase  the  toxicity  of 
subalanccs.  Benzene,  for  example,  which  is  not  very  toxic,  is  converted 
by  oxidation  into  the  to.\ic  phenol;  and  some  nitrilea,  like  the  bcnzo- 
nilrile,  may  be  oxidised  to  the  lacto-nitrile,  which  is  mueh  more  re- 
active and  poisonous. 

"We  may  take  advantage  of  tliis  property  of  the  body  of  pairing  some 
of  its  metabolic  substauoes  witJi  unstable  toxic  substances  to  study 
the  intermediate  metabolism  of  the  body,  as  will  be  shown  in  discussing 
esTsteine  (page  815).  By  giving  a  toxic  substance  there  may  be  com- 
bined with  it,  and  thus  brought  into  the  urine,  an  intermediate  sub- 
stance not  normally  found  there  or  found  in  very  stnall  amount.  Gly- 
euronic  aeid  and  cysteine  are  substances  of  this  kiud. 

Place  of  origin  of  ktppuric  acid.  The  formation  of  hippurie  acid 
from  benzoic  acid  and  glycocoU  is  of  tlie  general  type  of  aminoneid  con- 
densations, like  that  of  creatinine,  arul  the  power  of  making  such  conden- 
sations is  an  attribute  of  all  living  mailer.  The  work  of  Bunge  and 
Schmiedeberg  proves  that  in  the  dog  the  perfused  kidney  can  bring 
about  this  synthesis,  but  in  the  rabbit,  and  probably  other  animals  aa 
well,  other  tissaes  may  do  it  also  (Salomon).    The  synthesis  depends. 
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like  all  sacli  sjmtbcsea,  upon  a  plontiful  supply  of  oxygen  and  Drwbsel 
considered  it  to  be  probably  an  oxidalion-reduction  synili^sis. 

Source  of  the  benzoic  acid.  We  not  only  take  benzoic  aeld  itself  in 
Kinall  omounU  in  fruits  and  berries,  particularly  in  cranberries,  but 
graBB  and  vegetables  often  contain  other  aromaiie  compounds,  sucli  aa 
quinic  aeid,  which  by  digestion,  fermentation  by  bacteria  or  by  oxi- 
dation yield  benzoic  acid.  It  is  for  this  reason  that  a  fruit  or  vegetable 
diet  increases  the  hippuric  acid  secretion.  Benzoic  acid  or  beoxoates  are 
often  used,  also,  as  preservatives  in  vanned  fruit,  catsup,  or  otber  food 
products,  and  even  in  milk,  so  that  the  oonimmption  of  snch  preserved 
foods  leads  to  the  consumption  of  twniEoic  at-id.  Ritt  the  proteinK  ihetn* 
selves  may  also,  hy  bacterial  decomposition,  give  rise  to  benzoic  acid. 
Thus  phenyl  alauine  by  oxidation  goc«  orer  into  phenyl  pyruvic  acid, 
C,H„.CH,.CO.COOH.  -which  by  further  oxidation  is  converted  into 
phenyl  acetic  acid  and  this  into  phenyl  carbonic  or  benzoic  acid.  It  is 
probable  from  Baumann's  observations  that  this  latter  process  only 
oecurs  with  tlie  intermediation  of  the  putrefactive  bacteria  in  the  in- 
testine. 

Source  of  the  gUjcocdll.  The  question  naturally  arises  how  much 
glycocoll  the  body  has  at  its  disposal  to  neutralize  toxic  matters  like 
benzoic  acid  and  what  is  the  origin  of  this  glycocoll.  Does  it  come  from 
the  protein  or  is  it  syntheaized  in  the  bodyT  Concerning  the  first  ques- 
tion of  the  amount  of  glycocoll  which  tlie  body  can  supply  for  purposes 
of  detoxieation,  experiment  has  shown  that  the  borbJvora  have  quite 
remaricable  powers  in  this  rfispeet.  Thus  Ringer  found  that  a  goat 
might  take  25  grams  of  benzoic  aeid  a  day  and  excrete  it  as  hippuric 
acid.  Magnus-Levy  found  in  sheep  and  rahbits  that  after  ingesting  ben- 
zoic acid  27.8  per  cent,  of  the  urinary  nitrogen  might  appear  in  the  form 
of  hippuric  acid  uilrogen ;  and  AViechowski  that  50  per  cent,  might  thus 
appear.  There  is  only  a  slight  diminution  in  the  other  nitrogen  con- 
stituents of  the  urine,  except  possibly  a  diminution  in  the  uric  actd 
(Weiss  and  Levin).  This  would  indicate  that  the  glycocoll  nitrogeo^J 
was  supplied  in  addition  to  that  which  would  normnlly  have  bcciv^l 
eliminated.  In  camivora.  and  probably  in  man.  the  conditions  appear 
to  he  different.  No  more  glycocoll  is  in  them  available  for  pairing  than 
can  be  accounted  for  by  the  decomposition  of  their  body  or  food  pro- 
tein. Abderhalden,  Oigon  and  Strauss  found  that  in  camivora.  herbiv- 
ora  and  hens  the  entire  amount  of  glycocoll  in  the  whole  body,  exclusive 
of  fat,  feathers  and  intestinal  contents,  was  only  2.33-3.34  per  cent,  of 
the  total  proteins.  This  amount  is  far  too  little  to  admit  of  the  explana- 
tion that  the  glycocoll  in  herbivora  is  d^'.rived  simply  from  the  body  pro- 
teins. It  might  come  in  small  port  from  the  purines  which  may  yield 
^ycocoU  on  certain  decompositions  and  it  trill  be  remembered  that 


gl>-cocoll  is  present  in  considerable  amounts  in  the  muscle  of  pccten  and 
other  moltosks.  It  would  seem  probable  either  that  glycocoll  is  syn- 
tbe&ized  in  the  body  from  ammonia  aud  gljroxylic  acid  by  reductioa,  or 
else  the  hippuric  acid  may  be  formed  iu  part  by  the  benzoic  acid  pairing 
with  other  amiiio-acids  of  a  longer  carbon  chain,  as  Itappens  in  birds  in 
ornttiLuriu  acid,  and  these  longer  chains  arc  afterwards  partially  oxi- 
dized to  amiuo-aeetie  acid.  The  former  explanation  is,  perhaps,  the 
more  probable,  since  glyox^iic  acid,  or  ita  aldehyde,  is  easily  derived 
from  the  carbohydrates  and  the  syntheais  of  ammonia  and  the  aldehyde 
to  glycocoll  very  probably  occurs  in  the  body,  although  demonstrative 
proof  of  this  has  not  yet  been  found.  It  is  not  impossible  that  gtycocoll 
may  be  formed  in  this  way  normally  as  one  of  the  precursors  of  urea 
in  the  transformation  of  ammonia  to  urea.  Whether  the  use  of  glycocoU 
to  detoxicate  benzoic  aeid  reduces  the  amount  of  gl^'cocholic  acid  in 
the  bile  should  be  investigated. 

No  definite  answer  can,  however,  be  given  as  yet  to  the  question  of 
the  origin  of  the  large  quantities  of  the  glycocoll  in  herbivora  until  the 
matter  has  been  more  extensively  studied. 

Method  of  isolation.  Uippuric  acid  is  readily  obtained  from  fresh 
horse  or  cow  urine  by  first  boiling  it  with  milk  of  lime,  filtering  off 
the  phosphates,  evaporating  to  about  half  its  original  volume,  cooling 
and  adding  strong  hydrochloric  acid  to  a  plainly  acid  reaction.  The 
hippurie  acid  eryslaliizca  out.  The  crystals  are  separated  by  suction, 
pressed  as  dry  as  possible  iu  filter  paper,  rudissolved  in  milk  of  lime 
and  recrystalljzed  by  the  addition  of  aeid.  Tlicy  may  theu  be  rccryslal- 
lizcd  from  hot  water,  being  decolorij;irii  if  iieccasary  by  charcoal. 

Quantitative  determination.  The  method  formerly  used  is  that  of 
Bunge  and  Schmiedeberg,  which  is  very  cumbersome  and  by  no  means 
exact.  The  urine,  vory  slightly  alkaline  with  sodium  carbonate,  is 
evaporated  nearly  to  dryness.  The  residue  is  extracted  thoroughly  with 
Htroug  alcohol,  the  alcohol  evaporated  on  the  water  bath,  the  dry 
residue  dissolved  in  water,  transferred  to  a  separatory  funnel,  the  solu- 
tion acidified  with  sulphuric  acid  and  extracted  by  Uiorough  agitation 
repeatedly  (five  or  more  times)  with  acetic  ether.  The  acetic  ether 
solution  of  hippurie  acid  is  now  shaken  repeatedly  with  water  in  a 
separatoiy  funnel,  the  acetic  ether  evaporated  and  tlie  residue 
extracted  with  petroleum  ether  to  remove  benzoic  acid,  fats,  oxy  acids, 
phenols,  etc.  The  hippurie  acid  remains  undiaaolved.  The  residue  ia 
now  diiHolved  in  a  little  warm  water  and  evaporated  at  50-60'  to  crj's- 
taJlixation.  The  crystals  are  weighed  in  a  small  weighed  filter.  The 
mother  liquor  is  extracted  with  acetic  ether,  tlie  elher  evaporated  and 
the  weight  of  tlie  residue  added  to  tliat  of  the  crysljils.  The  better 
method  of  Folin  and  Flanders  is  given  on  page  968. 
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Ammonia.— Blood  contains  small  amounU  of  ainmonia  aiid  some  of 
thJM  U  excreted  m  pas&ing  Uirough  the  kidneys  and  appears  in  tbe  urine. 
The  amount  of  itmmotiia  in  the  urine  is  greatly  increased  in  any  condi- 
tion in  Ti-liich  larger  thuu  normal  amounts  of  acid  are  produced. 
Ammonia  ia  oQe  substance  which  ia  used  to  neutrali/.o  the  acid  formed  in 
the  course  of  cell  metabolism,  as  has  already  been  discussed  on  page  248. 
Tbu  auioinit  of  uniiiiuiii»  uormally  present  in  the  urine  of  hunmn  adults 
is  about  0.7  gram  per  day.  The  amount  and  the  relative  proportion  it 
makes  of  the  total  nitrogen  of  the  urine  may  be  increased  by  the  inges- 
tion of  mineral  acids.  In  diabetes  or  in  fasting,  where  there  is  an 
ubnorma)  formation  of  aceloacetic  acid,  auun{Hiia  is  also  increased.  On 
a  high  and  a  low  protein  diet,  page  706,  Folin  found  the  total  amount 
not  mucl]  changed,  but  the  relative  proportion  of  ammonia  was  greatly 
increased  ou  low  protein.  Directions  for  the  deteraunatioa  of  the 
ammonia  are  given  on  page  961. 

Other  nitrogenous  substances  present  in  small  quantities. — Amino- 
acids  and  peptides.  Normal  urine  contains  small  amounts  of  these  sab- 
stanees  and  under  paMinlogiral  conclitions  the  amount  of  amino-acids 
may  increase.  Thus  after  phosphorus  poisoning,  or  in  cirrhosis  of  tlie 
liver  and  in  some  other  conditions,  amino-acids  such  as  tyrosine,  leucine, 
glycocoll,  etc.,  bare  been  isolated  from  the  urine.  Normally,  however, 
these  suhstanccfi  are  priiaout  in  very  timull  amounts  indeed.  A  number 
of  siibslaneeH  have  been  isolated,  however,  which  are  probably  peptides 
or  partially  oxidized  fragmi-TiIji  of  the  protein  molecules  which  have 
wcapcd  the  metabolism  of  tliL-  body.  Such  bodies  are  the  oxyproieic  acid 
of  IJondy/.ynski  tuid  Dorabrow-siki ;  aatoxyprotcic  acid  of  the  same  authors 
and  ailoTyproleic  acid;  and  iirofrrric  acid  of  Thielc.  The  total  amount 
of  N  in  these  substances  found  by  Uinsbcrg  sjid  Gawinski  in  the  urine 
of  s  man  on  a  mixed  diet  amounted  to  3-6.8  per  oent.  of  the  total 
nitrogen  of  the  uriuo.  This,  it  will  be  obserred,  ia  jost  about  the  amount 
of  N  of  unknown  nature  in  tlie  urine  of  an  average  adult.  The  re1ativ« 
amount  ia  greatly  increased  in  phosphorus  poisoning  and  in  various 
conditions  when  body  protein  is  being  dccom]M)!wd  and  the  iatake  of 
protein  is  low. 


Oxypratdo  uld    . . . 

Aatoxjrproteicacid  . 

AllosypToteic  acid   . 
Uiofcrric  mcid    


O  II  N  O  S  RbmiKiui 

311.62    S.«4     18.08    35.54    I.IS    No  Fhrlich,  bfurat,  or  xan- 
thoproteic. 
43.21     4.91     24.4      20.33    0.81     EbrlJch       diaio      poRitivc 

Ottiers  negative. 
41.33    ».70     13.SS    37.23    S.ld    BIureLntKl  Ehrlich  ncsntive. 
3.40    Bliirct.Mlltoo,Adainkiew[cs 
Dcgfttive. 


It  w  doubtful  whether  thvsc  subtrtances  arc  nnitarj'  substances. 
Basic  substances.    Small  quantities  of  basic  substances  eomspond- 


TITE  EXCTIBTTOKS  OP  THE  BOSY 


re 


I 


ing  in  a  general  way  to  tbosc  found  in  meat  extract  have  been  isolated 
from  the  urine  by  Kutscbcr  and  bis  colleagues  and  by  olJier  observers, 
patlicularly  by  French  physiological  chemists.  Among  these  are  tri- 
methyl  amine-  methyl  guanidine;  novain;  reductonovain;  dimethyl- 
ffuatiidine;  gynesin,  C,4I|.N,0,.  from  female  urine;  minjrtn,  Ci^u 
NjOfj  vitiaiin,  a  homolosruc  of  choline;  histidine;  imldazole-acetic  acid; 
and  methyl -pyridine  chloride.  This  last  is  probably  derived  from 
tobacco  or  colYee  and  h  not  a  natural  product  of  the  body  metabolism. 
In  addition  putreacine  and  cadaverine,  the  former  tetramethylcndiamine 
and  the  latter  pentamethylendiamine,  were  isolated  from  the  urine  by 
Baumann  and  von  Udransky.  Orilflths  and  Bouchard  have  particularly 
studied  the  ptomaines  of  urine.  They  generally  isolate  them  by  making 
the  urine  alkaline  and  shaking  it  out  with  ether.  The  bodies  thus  iso- 
lated have  not  been,  for  the  most  part,  identified.  They  are  said  to  be 
toxic  to  animals,  and  Bouchard  and  other  French  observers  have  ataod- 
ardiKcd  the  toxicity  of  the  urine  by  injecting  it  into  rabbits.  The 
uroloxie  coefficient  Bouchard  defines  as  the  weight  of  rabbit  in  kilos 
which  is  killed  by  the  amount  of  urine  secreted  by  1  kilo  of  the  body 
weight  of  the  individual  wIiorc  urine  is  being  investigated.  A  part 
of  the  toxicity  of  human  urine  is  generally  ascribed  to  the  potassiam 
salts  it  contains,  but  probably  not  all  of  it  i^an  be  thus  acuouulcd 
for. 

A  very  interesting  urinary  constituent  is  that  of  urocank  acid  found 
in  the  urine  of  dogs  but  not  thus  far  isolated  from  human  arine,  although 
other  imidaMle  substances  have  been  found  there.  Uroeauic  acid  has 
recently  been  found  to  be  imidazoly  I -acrylic  acid  and  ie,  therefore,  a 
decomposition  product  of  histidine.  It  was  found  by  Uunter  in  the 
digestive  products  of  casein  -when  digested  for  a  long  time  by  a  pancreas 
mixture.  The  conditions  of  its  appearance  in  such  mixtures  have  not 
been  determined.     The  formula  is  as  follows: 


CH~NH 

)i  J- 

iJH 

iooE 

Uroeanlfi  add. 


The  acid  forms  very  curious,  sitJtle- shaped  erj-stals. 

Aromatic  oxy  acids  of  the  urine. — Tliese  include  phenol,  indoz^I, 
scataxyl,  and  phttiyl  acetic,  paraoxypKcnyl  propionic,  oxymanddic  and 
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homogentisic  acids.  Th^  are  all  derived  citlicr  from  lyrosine,  ttypto- 
pbono,  phvitylalaniue  or  other  unkjiown  phcnjL  derivatives  of  tho  pro- 
Uins.  The  first  group  includes  the  ethereal  sulphates  or  conjugated 
sutphates. 

Ethereal  tulpkates.  By  the  decomposilion  oE  the  aromatic  omino-acids 
of  Uie  proteitui,  pheuols  and  indoles  are  pruclucttd.  Thoy  are  chiefly 
formed  in  the  putrefactive  decompositiou  of  Utu  proteins  iu  the  intes* 
tine.  In  their  passage  through  the  body  they  are  oxidized  to  indo:grl, 
scatoxyl  or  liydroxyphenol,  and  then  are  paired  with,  or  conjugated 
with,  Hulphuric  acid  to  form  what  are  known  as  the  ethereal  or  uou- 
jugated  sulphates.  They  are  excreted  in  the  uiine  for  the  most  part 
as  the  potassium  or  sodium  salta  of  these  bodies.  The  amount  excreted 
per  day  varies  from  0.1-0.t>  gram  sulphuric  acid.  Urinary  indican, 
that  is  the  potaesiom  salt  of  indoxyl-sulphuric  acid,  is  such  a  substance. 
The  place  whero  pairing  with  Kttlphoric  acid  occurs  is  supposed  to  be 
the  liver. 

Pkenol,  C„H,OH,  and  cresol,  methyl  phenol,  C,E,(CH,)OH.  The 
mother  substance  of  phenol  and  cresot  is  tyrosine  and  phenylalanine, 
and  possibly  other  aromatic  awino-ucids  if  any  exist,  otlier  than  trypto- 
phane. The  greater  part  of  the  phenol  and  crcsoL  is  excreted  as  oon- 
jagated  sulphate,  but  a  small  portion  is  free  iu  the  urine,  and  a  part 
is  conjugated  with  glyeuronie  acid.  If  phenol  is  ingested,  only  a 
portion  reappears  in  the  urine.  A  part  is  evidentlj*  destroyed  in  the 
body.  Probably  like  benzene  some  is  destroyed  by  the  rupture  of  the 
ring.  The  source  of  the  plienol  uud  ercsol  of  the  urine  is  believed  to 
be  the  putrefactive  decomposition  of  tyrosine  and  phenylalanine  in 
tbe  alimentary  canal.  The  reason  for  this  view  is  that  the  amount  in 
the  urine  is  much  increased  by  excessive  intestinal  putrefaction  and 
may  be  reduced  to  a  minimum  by  a  milk  diet  and  by  tbe  ingestion  of 
carbohydrates,  a  procedure  which  reduces  putrcfacttou;  or  by  tho  use 
of  cathartics,  and  particularly  such  as  have  au  auliscpTiL'  ai^tion  such 
as  calomel.  These  bodies  ore  supposed,  then,  not  to  come  from  the 
metabolism  of  the  tyrosine  in  Uie  tissues,  but  entirely  to  be  derived 
from  the  putrefactive  decomposition  iu  the  iDt<:slinc.  B'or  this  rea- 
son Ihc  determination  of  the  conjugated  sulphates  is  supposed  ta 
give  an  indication,  albeit  a  very  uncertain  one,  of  the  amount  of 
intestinal  putrefaction.  It  is  much  easier,  however,  to  determine 
putrefaction  by  means  of  the  indican  test  to  be  spoken  of  in 
a  moment. 

Tbe  exact  manner  in  which  the  tyrosine  and  phenylalanine  are 
dooompoHcd  iu  putrefaction  is  not  certainly  known.  But  the  transfor- 
mation is  believed  to  be  as  follows,  all  of  these  steps  occnm'ng  in  the 
intestiuo: 
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Pjrocatecho], 

_l_„ 

HCHNH^ 
p-Oxyp  heny  lethy  lam  i  ne. 

It  is  possible,  though  perhaps  not  very  probable,  that  p-oxyphenylethyl- 
amine  is  first  formed  ■which  is  then  oxidized  to  oxyphenyl  acetic  acid. 
Aiter  the  administration  of  phenol  the  urine  may  become  dark  colored, 
owing  to  the  formation  of  liydrochinon,  p-dioxybenzene  and  pyrocate- 
chol.  These  in  the  air  undergo  spontaneoiis  oxidation  with  the  forma- 
tion of  dark  coloring  matters.  They  are  reducing  bodies,  reducing  Feh- 
ling's  solution  and  other  metallic  oxides.  If  pyrocateehol  is  added  to 
a  very  dilute  ammoniacal  solution  of  ferric  chloride  containing  tartaric 
acid,  the  solution  is  colored  a  violet,  or  cherry-red  color  which  is  changed 
to  a  green  on  the  addition  of  sufficient  acetic  acid.  This  same  reaction 
is  given  by  adrenaline.  The  oxyphenols  are  fairly  stable  in  acid  reac- 
tion, but  very  unstable  in  alkaline. 

Indoxyl-sulphuric  acid.    Indican  of  the  urine.    This  is  found  in  the 
urine  as  the  potassium  salt.    Its  formula  is  as  follows: 

CH 

HO^^- 


HC  C         CH 

"CH       NH 
Indican. 

Indole  is  formed  by  the  putrefaction  of  tryptophane  in  the  intestine. 
The  indole  thus  formed  is  oxidized  to  indoxyl  during  its  passage  through 
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the  body  and  is  paired  for  the  most  part  with  sulphurie  aoid,  bnt  in  part 
also  with  glycurouic  acid,  presumably  in  the  liver. 

cu  CH 

H  — CHNH  — COOH        JiU  C OH      HC  C COH 


1  1 


^c4  ^/n  V  Vh 


Indole.  Indo^I. 

CH  CH 

HC  C CO  OC C         CH 

I  II         I  I  II  I 

He         C        C  C  C  CH 

Indigo  blue. 

The  steps  in  the  transformation  of  tryptophane  to  indole  are  not 
entirely  certain.  It  is  probable  that  dcamidization  happens  at  first  and 
then  the  carbon  side  chain  is  oxidized  off,  indole-propionic,  indole-acetic 
acids  and  scatole  being  intermediate  products  (p.  441) ;  or  that  by 
decarboxylization  the  indolethylamine  is  first  formed,  which  is  later 
converted  into  indole  by  oxidation.  The  important  fact  is,  however,  that 
the  formation  of  indole  does  not  occur  in  the  course  of  the  metabolism 
of  tryptophane  in  the  body,  or  if  it  does  the  indole  so  formed  is  destroyed. 
The  presence  of  indican  in  the  urine  shows,  therefore,  that  indole  Is 
being  formed  in  the  intestine.  If  more  than  the  normal  amount  of  it 
is  present,  it  indicates  the  occurrence  of  an  abnormal  amount  of  intes- 
tinal putrefaction,  or  of  putrefaction  elsewhere  in  the  body,  as  for 
example  in  decomposing  abscesses. 

The  test  for  indican  in  the  urine  is  very  simple  and  is  described 
in  the  practical  exercises.  It  consists  essentially  in  oxidizing  the  indoxyl 
in  an  acid  solution  by  means  of  hypochlorite  or  ferric  chloride  to  indigo 
blue  and  shaking  out  the  indigo  blue  in  chloroform.  If  the  chloroform 
la  more  than  a  light  blue,  it  means  an  abnormally  large  putrefaction. 
No  satisfactory  method  for  the  determination  of  the  amount  of  indican 
in  the  urine  has  yet  been  devised.  It  was  suggested  by  Polin  that  the 
color  be  compared  with  a  standard  of  Pehling's  solution  in  a  colorimeter. 
The  method  is  not  very  satisfactory.  The  total  conjugated  sulphuric 
acid  may  be  estimated  accurately  by  the  gravimetric  method,  but  this 
is  too  difRcuIt  a  method  for  clinical  use.  A  very  good  idea  of  the  relative 
amount  of  putrefaction  can  usually  be  obtained  by  a  little  practice  in 
making  the  test  for  indigo  blue,  so  that  an  abnormally  large  putrefaction 
can  easily  be  detected. 
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The  amount  of  the  putrefaction  is  greater  on  a  heavy  meat  diet.  It 
may  be  so  great  that  the  chloroform  becomes  almost  black.  On  th^ 
other  hand,  it  is  often  extremely  faint.  It  Increases  after  obstruction 
of  the  small  intestine. 

It  must  not  be  supposed  that  the  indican  test,  if  it  is  negative,  means 
nocessarily  that  intestinal  processes  are  normal  It  might  be  that  th« 
intestinal  products  contained  little  tryptophane,  or  that  the  bacteria 
present  did  not  form  indole,  or  that  the  indole  absorbed  was  in  part 
destroyed,  or  that  the  absorption  was  defective.  But  when  the  test  is 
positive  the  conclusion  Is  justified  generally  that  there  is  abnormal 
putrefaction  iu  the  intestine,  or  rather  an  abnonaally  large  absorption 
of  putrefactive  products,  due  possibly  to  constipation.  According  to 
Jal£C%  the  amount  of  indigo  in  the  urine  of  a  healthy  man  is  between 
5  and  20  miUigiams  iu  2-1  hours. 

Scatoxyl-sulphuric  acid.  S«atole  (Qr.  tker,  excrement)  ia  a  crys- 
talline, fcfol -smelling  substance,  C.HjN,  formed  by  the  putrefaction  of 
tt^'p Lophauo  by  certain  kinds  of  bacteria.  It  occurs  in  the  fecos.  Some 
is  ahtiurbed  from  the  large  intestine  and  when  passing  through  the  body 
it  is  oxidiiwd  to  scatoxyl  and  paired  like  indole,  presumably  in  the 
liver,  with  sulphuric  acid  and  excreted  as  the  salt  of  thia  substance-  In 
constipation  so  much  of  this  substance  may  be  abflorbcd  as  to  give  to 
the  breath  and  exhalations  of  the  body  a  very  distinct  fecal  odor.  Ita 
presence  in  the  urine,  tlicreCore,  is  an  indication  of  intestinal  putre- 
faction. 


CH 

uc       c- 


-c-<m. 


UO         C  CH 

6«At«le. 

oa 

HC^V 


h/ 

I 

HC 


CH 
V 


C- 


-0-CU. 


0       cou 

Scntoxfl. 


-0-OB, 


HG 


O  C-O— S0j.O  Na 


^d^  V 


Sod  i  am  ac&lox;!  aulpbata. 

The  constitution  of  the  scatole  of  tlie  urine  is  unknown,  and  also 
Uiat  of  scatoxy].  The  ingestion  of  scatole  ppodnoes  in  the  urine  a 
chromogen  which  gives  a  bright  red  color  when  the  urine  is  made 
strongly  acid  with  hydrochloric  acid.  This  color  is  sometimes  referred 
to  vr^osein,  but  it  is  probable  that  urorosein  is  in  reality  scatole  red. 
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Scatole  is  proboWy  formed  from  indolacetic  wiA,  and  may  be  one 
io  tlie  formation  of  indole  from  tryptophane. 

Paraoxypkenylacetic,  paraoxj^phenylpropionic  and  paraoxypkentfl- 
glycolk  acid  (cxymandelic  acid).  These  occur  in  small  quantities  in 
tiie  uriuc,  the  lost,  particularly  in  acute  ydlow  atrophy  of  the  liver. 
They  all  represent  intermediary  products  of  the  oxidation  of  tyroaiuc 
end  possibly  of  pbeuylalaninc. 
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These  acids  all  give  the  Millon  reaction.  They  are  soluble  in  water 
and  in  ether  in  the  free  state.  The  melting  point  of  p-ox>'pheuyU 
propionic  acid  is  128*  and  that  of  paraox>-pheuylaceUc  acid  is  148*. 
The  oxymandelic  acid  crystals  melt  at  162'  C. 

Uomogentisic  acid.  Dioxyphenylacetic  acid.  CoH,(OH)3CHa 
COOH.  Hydrochiuone  acetic  This  acid  is  the  peculiar  acid  found  in 
alcapton  ui'ine.  It  oxidizes  spontaneoosly  in  the  air  and  the  uriue  turns 
black,  at  first  in  its  upper  layers  where  the  oxygen  has  entrance.  This 
■Old  is  hydrodiinoue  acetic  acid. 

OH 

A 


HG 


\ 


CH 


h4  C— CH 


— OOOH 


Aa 


Homoguituk  odd. 

This  substance  is  formed  from  t^Tosine  and  phenylalanine.  The  amount 
formed  in  some  esses  may  be  as  large  as  16  irrama  a  day,  usually,  how- 
ever, it  is  less  tlian  this,  i.e.,  3-5  grams,  This  substance  is  probably 
formed  by  a  disturbed  tyrosine  metabolism,  as  discussed  on  pa^  809. 
The  cause  of  alkaptonuria  is  still  quite  obscure.    It  appean  to  ran  in 
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familieB.  Baumann  thought  it  was  due  to  au  abnormal  intestinal  flora, 
but  that  opinion  is  now  abandoned.  According  to  Garrod,  it  oocura 
most  commonly  where  there  is  blood  relationship  of  the  parents.  It  is 
more  common  in  males  than  in  females.  Tt  is  still  doubtful  whether  the 
normal  course  of  metabolism  of  tyrosine  carries  the  latter  through 
homogentisic  acid,  alkaptonuria  being  due  to  more  of  the  intermediate 
substance  escaping  in  the  urine;  or  whether  it  is  due  to  an  abnormal 
manufacture  of  homogentisic  acid  in  certain  individuals.  The  work  of 
Dakin  indicates  the  latter. 

Homogcntisic  acid  is  a  strong  reducing  agent,  reducing  FchlJng'a 
solution,  alkaline  silver  sohitions  and  other  mctala.  It  docs  not  reduce 
bismuth  subnitrate.  It  crystallizes  in  large  clear  prisma.  m.p.  14G.5- 
147'  C.  It  is  soluble  in  alcohol,  water  and  ether,  hut  only  slightly  in  hen- 
zeoA.  It  gives  with  ferric  chloride  a  transient  blue  color,  a  reaction  not 
specific  hut  given  by  many  other  redut-ing  substances  such  as  cysteine, 
other  phenols,  etc.  It  is  inactive.  (For  its  preparation  from  tho  urine 
s«e  Orton  and  Garrod,  J,  of  Phygiology,  Vol.  27.) 

Sulphur  of  the  urine. — IiYom  75  to  80  per  cent,  of  the  total  sulphur 
of  the  urine  is  in  the  form  of  inorganic  sulphate,  when  a  person  is  on 
an  ordinary  diet  of  about  14-16  grains  of  nitrogen  per  day.  The 
remainder  of  20-25  per  cent.  Ls  in  organic  union;  a  part  as  ethereal  or 

LJugated  suIphatOH,  a  small  portion  as  tjiurine,  a  portion  in  the  oxy- 
yteic  acids  of  the  urine,  some  of  thi.s  sulphur  being  iinoxidiz«d  sulphur; 
and  a  part  is  present  as  cystine  or  cysteine. 

Amount.  The  total  amount  of  sulphur  excreted  per  day  depends 
upon  the  sulphur  intake,  rising  and  falling  with  this.  Sulphur  enters 
the  body  chiefly  in  the  unoxidized  fonn  of  protein  sulphur  and  the 
total  fifniphur  of  the  urine  excreted  per  day  is  about  0.7-0.85  gr.  The 
amount  present  as  inorganic  sulphate  iti  about  0.5-0.6  gram  per  day. 
The  remainder  of  0.1-0,2  gram  in  organically  bound.  The  methods  of 
determining  these  different  fractions  in  the  urine  arc  given  in  the 
practical  part,  page  981.  The  inorganic  sulphates,  the  conjugated  or 
ethereal  sulphates  and  the  neutral  or  unoxidizcd  sulphur,  are  generally 
detennincd.  The  last  group  is  a  very  heterogeneous  group  and  has 
been  very  little  studied.    It  is  determined  hy  difference. 

Effect  of  diet  on  Ike  dittnbuiion  of  gulphvr.  Sulphur  is  ingested 
chiefly  as  protein  sulphur.  There  are,  however,  small  amounts  of  inor- 
ganic sulphate,  of  sulphuric  acid  paired  with  phenols,  or  present  as 
snlpholipin-s,  and  of  tnnrine  in  all  tissue."),  so  that  many  different  sul- 
phur compounds  arc  ingp«lrd.  The  ingested  protein  sulphur  is  for  the 
meet  part  excreted  as  uiorganic  sulphate,  since  protein  ingested  is  not 
stored,  but  is  burned  in  the  body,  nenee  on  a  high  protein  diet  not 
only  does  the  total  sulphur  increase,  but  also  the  proportion  of  inorganic 


W 


7fi0 


FUYSIOtOtilCAL  CUKBUSTRV 


adphur  w  well.  On  the  oUier  band,  on  a  low  protein  diet  the  tot4il 
amount  of  solphnr  us  mudi  reduced  and  tho  proportion  present  as 
neutral  aolphnr  is  increased.  Since  on  a  low  protein  diet  the  putre- 
faction in  the  inteatinB  is  reduced,  there  is  also  a  reduction  of  the 
ooojugated  or  eUiereal  sulphate.  The  following  figures  from  a  meta- 
bolism  experiment  by  Folin '  will  show  the  change  in  the  distribution 
of  urinary  sulphur  when  one  changes  from  a  normal  lo  a  reduced  pro- 
tein diet. 


NWTnBl'proltln  diet 
JnlfU 

TolmiM  or  urino .....«.,■. 117**     ^-c 

Totol    nitrogen    *.,.. 16-8  gr. 

VtfA  iiilroReii U.^i>"=SJA% 

Ammonia  aitragra 0.49  "  =^  3.0 

Uric  Mill  nilTOp-n  0.18  "  =  l-I 

Oeatinloa  nitrogen   OM  *•  =   3.0 

VDdat«mlB«<d  nitnigsii o.S£  "  =  -I.D 

Total  SO     ,  3.64  *' 

liiorgaiilt  SO.  3.21  "  s=  90.0 

EUiensI  so'  0.19  "  s  (-2 


Neutml  80. 


0.18  -  =    4^ 


SXOgt. 

2.S0  "  =  81.7% 

0.42  "  =11^ 

0.00  "  =  2.9 

O.flO  "  =17.4 

0,27  '■  ::=    7J3 

».7fl  ■' 

0.40  "  —  OOit 

0.10  "  slS^S 

0.20  "  =£9.3 


In  these  results  it  may  be  observed  that  the  proportion  of  etbi;real 
sulphate  rose  oii  llie  low  protein  from  .^2  per  <'«nt.  to  13.2  per  cent., 
altliough  the  absolute  amount  excreted  dimtnixlied.  Hut  the  greater 
relative  rise  was  in  tin:  ncutrid  Hulphtir,  which  rose  from  a  proportion 
of  4.8  per  flcnt  on  the  normiil  pri>t«^in  diet  to  20.3  per  cent,  on  the 
reduced  protein.  It  is  very  suggestive,  also,  that  the  absolute  amount 
of  the  neutral  sulphur  excreted  did  not  diminish  at  all  on  the  tow  pro- 
tein diet,  but  ou  the  contrary  rose  slightly,  the  neutral  SO,  on  1h« 
normal  protein  diet  being  0.18  gram  and  on  the  low  protein  diet  being 
0..20  gram.  It  is  probable  from  these  facts  that  the  neutral  sulphur 
corresponds  to  the  endo^unoiis  wear  and  l^ar,  whereas  the  other  two 
fractions  are  largelj-  derived  from  the  protein  of  the  food  torn  lo  pieces 
by  the  osidotion  of  tho  body. 

VariaiioH  of  the  sulphur  under  other  circamstanccs.  The  per  cenL 
of  neutral  sulphur  in  the  urine  is  also  dependent  upon  varioaa  drugs. 
Tfaiu  cyanides  and  nitrites  when  ingested  leave  the  body  in  mnmmalfi 
largely  in  the  form  of  sulphoeyanate  in  the  urine.  Hence,  when  any 
suhstance  is  ingeirted  which  can  form  hydrocyanic  acid  in  the  body,  it 
will  increase  the  neutral  aulphur.  There  h,  also,  an  inerease  of  neutral 
sulphur  under  the  influence  of  chloroform  and  other  anesthetica.  In 
eystlnaria  also  the  proportion  of  this  sulphur  iucreaaea. 

Phosphorus  tn  the  urine. — Form.    Phosphorus  is  found  in  the  nrino 
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wholly  in  the  oxidized  form  of  orthopliosplioric  acid.  It  is  present  an 
the  disodium,  and  monosoJium  phosphate  and  free  phosphoric  acid, 
the  relative  amounts  of  these  substances  present  depending  on  the  char- 
acter of  the  diet.  On  a  heavy  protein  diet  the  urine  is  acid,  due  in  a 
larfce  measure  to  the  sulphuric  and  other  acids  formed  from  the  meat; 
under  such  circumstances  there  will  be  more  free  phosphoric  acid  and 
of  the  raonoBodium  salt;  on  a  vegetable  diet,  or  when  salts  of  acids 
which  are  burned  to  carbonic  acid  in  tlie  body  arc  ingested,  the  propor- 
tion of  disodium  phosphate  is  larger.  The  bases  of  the  urine  distribute 
themselves  among  the  various  acids  in  proportion  to  the  strength  of  ihe 
acids,  the  stronger  acids  taking  the  stronger  bases.  Phosphorus  in  an 
unoxidiz<:d  form  is  toxic,  and  not  present  in  any  food.  The  phosphorus 
of  the  foods  is  present  always  as  phosphoric  acid,  which  is  either  inor- 
ganic or  it  may  be  in  au  ester  form,  as  it  is  in  uncleic  acid,  in  phoapho- 
lipins,  phytin,  etc. 

The  amount  in  tke  urine.  The  amount  of  phosphorus  excreted  per 
day  depends  on  the  amount  ingested  in  part,  but  it  is  still  more  depend- 
ent upon  the  eundition  of  the  bowels.  In  other  words,  it  doponds  upon 
the  absorption  of  phosphates.  The  total  amount  of  phosphorus  ingested 
per  day  in  Uic  foods  is  between  1.2  grams  and  2.0  grama  in  an  adult 
on  nn  ordinary  diet.  The  propnrliou  of  this  whirh  goes  out  in  the  urine 
is  very  variable.  In  human  beings  from  50-65  per  cent,  of  the  incouo 
ig  found  in  the  urine,  and  30  per  cent,  to  50  per  cent,  in  the  feces.  In 
coristipatioQ  the  proportion  in  iho  urine  inereasca;  in  diarrhea  tlie  pro- 
portion in  the  feces  increases  and  that  in  the  urine  diminishes.  An 
Rxamination  of  the  phosphorus  excretion  in  the  urine  alone  in  a  metab- 
oliHin  study  is  quite  wonlilcs-i,  sinre  so  lurg[C  a  proportion  of  the  phos- 
phorus is  passing  out  through  the  feces.  Both  these  excretions  must  be 
examined  in  any  metabolic  experiments  on  phosphorus  metabolism. 
The  total  amoimt  of  phosplionis  in  the  urine  of  hiuuan  adults  is  between 
0.5  and  1.2  gram  per  day. 

Variation  in  diacase,  and  under  various  conditions.  The  excretion  of 
phosphorie  acid  is  increased  during  the  c&tabniism  of  nueleins  in  the 
body,  as  for  example  in  leuc^mia,  and  during  the  realworption  of  pneu- 
monic exudates.  It  is  increased  by  the  ingestion  of  nucleins.  During 
starvation  tlie  bones  are  drawn  upon  for  fuel  and  there  h  an  increase 
over  the  amount  of  phosphorus  excreted  when  the  food  contains  sufB- 
cient  fuel  matter,  but  little  phosphate.  There  appears  to  be  a  dis- 
turbance in  the  phosphate  excretion  after  parathyroidectomy.  There 
is  an  increase  of  phaiphoric  acid  in  the  urine  of  dogs  after  feed- 
ing  thyroid  glands  (Roos.  Cauter).  Ver  Eeclte  found  after  complete 
thyroid  and  parathyroidectomy  in  rabbits  that  the  seoretion  of  urine 
waa  diminished  by  30  per  cent.,  the  urea  diminished  33.7  per  cent,  bat 
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the  PjO.  of  the  urine  was  diminished  by  G1.7  per  cent,  while  the  NaCl 
augmented  G0.8  per  cent.  In  another  experiment  the  PjO,  excretion 
diminished  72  pei-  cent.,  while  the  ^'aCI  augmeuted  164  per  cent.  Oreen- 
wald  has  confirmed  these  findings  after  parathyroidectomy  in  dogs  on  a 
carefully  controlled  diet.  The  urinorj'  V  as  I'O,  fell  on  the  day  follow- 
ing the  operation  from  0.257  to  0.029  gram  per  day.  It  bcpl  at  this 
level  two  days  and  Ihon  ineroosod  as  tetany  L-amc  on  to  the  noniinl  of 
0.254  gram.  There  was  no  correspoudiuy  lutirease  in  Uie  pliosphoms 
of  the  feces.  It  would  appear,  then,  chat  in  some  way  extirpation  of 
the  paratliyroidjt  caused  plioophorus  i-cteiitiou.  There  is  as  yet  uo 
explanation  of  t-his  coniiorTation,  It  miiy  bu  c-ornOatcd  wiili  the  great 
changes  in  digestion  which  follow  this  operation. 

The  dependence  of  the  phosphorus  excretion  on  the  diet  is  wcU  illus- 
trated in  tJte  oxpcnmcnts  of  Folin.  On  a  diet  containing  16  grams  of 
nitrogen  per  day  the  oxerotion  iu  tlie  urine  was  4.1  grama  PjOg  in  24 
hoars.  A  week  later  on  a  diet  of  cream  and  otarcb  containing  3.9  grams 
total  nitrogen,  the  urinary  PjOj  was  1.1  gram.  The  relation  of  the 
phosphoric  acid  retention  to  caU-inm  intake  and  to  hone  dcpo^tion  is 
not  yet  understood. 

Chlorides. — ^The  amount  of  chlorides,  chiefly  sodium  chloride,  ex- 
creted p«r  day  is  dependent  upon  tite  food  chlorides.  The  amount  is  very 
variable,  but  generally  lies  between  10-15  grams.  Some  people  ingest 
very  largo  amouiits  of  tialt  with  tlit^ir  fuod.  Thin  salt  Ih  absorbed  and 
passes  rapidly  through  the  kidneya  into  the  urine. 

The  chlorides  may,  under  certain  oireumstancea,  almost  completely 
disappear  from  the  urine.  Thi.H  is  the  cnne,  for  example,  in  pneumonia 
during  tlie  formation  of  the  exudate  in  the  lungs.  During  its  rcubsorp- 
tioo,  on  the  other  hand,  tlie  chlorine  reappears.  It  is  not  ytit  known 
how  this  failure  to  excrete  chlorides  is  to  t>o  explained.  A  part 
of  it  is  no  doubt  due  to  the  great  diminution  in  the  intake,  but 
this  is  not  the  whole  exptanalion.  The  chlorine  ia  in  such  cases 
held  more  firmly  in  (he  liKKiies.  It  is  not  to  be  explained  by  the 
formation  of  no  much  exudate.  Further  work  on  this  problem  is 
nec«s."iary. 

It  ia  a  singular  fact  that  no  organic  chlorine  compoui^ds  other  than 
chlorides  are  known  to  occur  in  the  body.  Whether  there  are  any  such 
in  the  nrine  is  still  disputed,  but  it  is  possible.  In  the  tissues  there  is 
in  lecithin  or  similar  phospholipins  a  place  for  the  attachment  of 
chlorine  to  the  choline  radicle  where  it  may  replace  hydroxy!.  It  is 
poBsibte  that  under  tlie  conditions  of  di.seaiw  this  or  some  similar  union 
becomes  finn«--r,  tlic  chlorine  is  not  diKsoriated  as  N>fnre  and  is  so 
retted.  It  is  not  probable  that  all  the  chlorine  of  the  tissnes  is  ia 
the  form  of  inon^anic  chlorides. 
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The  method  for  tbe  determination  of  the  olUoridea  of  Uie  nriiiQ  is 
^ivcn  CD  page  982. 

Calcium  and  magnesium. — These  oocnr  in  the  urine  in  small  amounts 
as  phosphates,  about  1  gram  of  these  earthy  phosphates  being  seoreted 
per  day.  A  great  deal  of  work  haa  heen  done  on  the  ealeium  metab- 
olism of  the  body,  particularly  from  the  point  of  view  of  explaining 
tiie  liefedive  formatiou  of  bout  and  other  hard  parta  of  the  body. 
Calcium  leaves  the  body  largely  in  the  feces  and  to  a  less  e<ctent  in  the 
urine.  An  Uicsc  studies  have  not  yet  It-d  to  definite  couclusionx,  furtlier 
diw^uNsion  o£  the  subject  will  be  omitted. 

Pathological  constituents  of  the  urine. — ProUm.  Various  forms  of 
protein  may  appear  in  the  urine  noder  pathologieal  eonditioos,  but 
normally  the  urine  ia  free  from  any  protein  matter.  The  forms  which 
may  appear  are:  1.  Coagulable  protein,  generally  derived  from  the 
blood  and  being  either  serum  globulin,  albumin  or  fibrinogen.  2,  Pro- 
teoses, formed  from  some  hydrolysis  in  the  tissues,  as  in  pus.  3.  Special 
proteins,  such  as  Bence-Jones'  protein,  a  kind  of  hetero-protcose  found 
in  disease  of  the  bone  marrow,  myelomas  and  possibly  osteomulacia. 
4.  Proteins  derived  from  the  urinai-y  passages  or  glands  such  as  mucin, 
from  the  bladder,  or  spermatozoa.  The  stgDificance  of  these  is  of 
course  very  different.  It  is  the  coagulable  or  blood  proteimt  which  are 
the  commonest  fdmis  and  these  occur  in  kiilncy  inflnminatinn,  or 
nephritis,  both  aeute  and  ebronic.  Small  amounts  of  thc-se  proteins  may 
be  present  without  nephrllis,  bnt  hs  a  result  of  serious  disturbunees  of 
the  circulation,  such  as  a  dilated  heart  and  a  low  blood  pressure,  Thoa 
a  certain  number  of  individuals  whose  urine  is  free  from  protein  nor* 
nially  may  develop  an  albuminuria  of  slight  degree  following  some  very 
great  esertion.  During  a  Marathon  race  of  about  23  miles  on  a  cold 
day  against  a  damp  head  wind  nearly  all  the  runners,  whose  hearts  and 
urines  had  h<*n  pi>rfeplly  normal  before  the  race,  developed  albuminuria 
with  heart  murmurs  and  dilated  heai'tj;  at  the  end  of  the  race.  Similar 
observations  have  been  made  on  soldiers  after  exhausting  marches.  In 
all  ordinary  circumstances  the  apprarance  of  appreciable  amounts  of 
coagulable  protein  in  the  urine  is  abnormal  and  should  arouse  suspicion 
of  nephritis. 

The  presence  of  proteoses  in  the  urine  is  not  rare  during  the  absorp- 
tion of  exudate  in  pneumonia  or  any  other  flbsor|)tion  of  partially 
digested  pus. 

The  Bence-Jones  protein,  described  on  page  939,  is  found  during 
myelomas  and  possibly  osteomalacia.  It  is  apparently  due  to  a  decom- 
position of  the  bone  marrow. 

Carbohydrates. — Dertrcse.  Very  minute  amounts  of  dextrnsc  are 
present  In  normal  urine.    The  kidney  is  not  a  perfect  filter  and  small 
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amounts  of  glucose  can  penetrate  it.  Tbe  appearance  of  enough  dcxLroso 
to  givo  a  precipitate  of  cuprous  oxide  in  the  Fehling  test  is  abnonuaL 
Dextrose  may  appear  in  tiic  urUie  under  )»everal  dirfcrent  circumatAnccs. 
AVe  accordingly  diittiuguisli  the  gluco&urios  as  Xollows: 

1.  Alimtntary  glucosuria,  I>uc  to  the  ingi^t^lion  of  more  dextroae 
than  the  body  can  slore  for  the  time  twing.  DifFnrent  individuals  ban 
different  powers  of  utilizing  earbol]  yd  rates  and  the  power  of  the  bo( 
may  be  increased  by  previous  reduction  in  the  amount  of  dextrose  taken 
iu  the  food. 

2.  Diabetes  metlittts.  This  is  a  disease  in  which  large  amounts  up  to 
200  grams  of  de.-ttrose  a  day  may  be  excreted  iu  tJie  urine.  The  word 
diabetes  signifies  an  iucreasc^I  (low  of  urine ;  mctlitus  (from  md,  honey) 
that  sngiir  aoeonipaiiies  the  jwlyuria.  The  nriue  is  iinTca-ied  in  quanti^ 
so  that  it  may  lie  four  or  even  10  ljt<>r8  per  day.  The  urine  is  generally 
very  light  colored,  hut  its  speeifle  gravity  is  about  normal,  due  to  t> 
dextrose  in  it.  There  are  all  grades  of  the  trouble,  froDi  a  slight  excre-1 
tton  of  dextrose  when  carbohydralo  food  is  ingested  to  a  complete  failure 
to  bum  any  of  the  ingested  carbohydrate,  or  that  formed  in  the  body. 
It  is  believed  to  be  correlated  often  with  disca.se  of  the  pancreas. 

3.  Emotional  gltieosvria.  A  slight  glucosuria  appears  in  some  indi- 
viduals as  a  recmU  of  strong  emotions  such  as  anxiety.  This  glucosuria 
is  believed  to  be  due  to  the  );ei>retion  of  more  than  a  normal  amount  of_ 
adrenalice  by  the  snpra-renat  glands. 

4.  Olucosuria  dur  to  drugs.  Oextrose  may  appear  in  the  urine  after 
the  ingestion  of  certain  drugs,  of  which  phlorizin  is  an  example.  This 
glucosuria  is  accompanied  by  a  hypoglyciemia.  It  is  generally  attributed 
to  an  impairment  of  the  kidney  which  lets  more  than  tbe  norma)  aiooimt 
of  dG.xtrose  pass  into  the  urine. 

Tbeae  various  forms  of  glueosuria  and  Uin  interpretation  of  them 
are  discussed  in  Clmplcr  XVITF  on  the  cHrlinhydratR  nielabnlisin  of  tha^ 
body.    Stethods  of  identifying  and  estimating  the  gliii^ose  are  given  ii 
the  practical  part,  pages  Md  and  984. 

Lactose.    Lactose  has  hern  oMnined  from  the  urine  of  women  shortly] 
before   or  immediately   after  childbirth.      It    is  derived    from    lactos*) 
reabsorbed  from  the  mammary'  glands.     Its  signi6cance  is  of  cot: 
totally  diHerent  from  that  of  dextrose.   Lactose  reduces  Fehling's  sohx- 
tion  just  aa  dextrose  doea,  so  that  if  such  a  reduction  is  obtained  und«^? 
circurastances  in  which  lactone  might  be  formed   it  is  necessary  to 
identify  the  sugar  more  carefally.    This  can  be  done  most  readily  byy 
the  fermentation  test  with  yeast.    Dextrose  ferments  with  ordinary  yes 
but  lactose  docs  not.    Lactose  reduces  bismuth  in  the  Nylander  test. 
is  also  dexro-rotatory  as  ia  glucose. 

Pentoses.    Pentoses  may  occur  in  the  urine  in  the  condition  whiol 
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is  called  pentosoria.  There  u  atiU  eomo  doabt  lu  to  the  aature  of  tbo 
urinary  pentose.  Nouboi^j  isolated  i-arabinosc;  Luzzalto,  l-arabincne. 
Pentoses  may  occur  in  the  urine  after  the  eating  o(  fruits  and  fruit 
juices.  Tbey  are  also  supiHwed  to  be  diagnostic  of  pancreatic  disease. 
Tlic  pancreas  coutaiua  a  pentose  iu  its  guanylic  acid  wbicb  is  d>ribose. 
It  is  probable  ttiat  it  also  contains  in  the  amylolytic  furuicnt,  or  iho 
gam  to  n'hich  it  is  attached,  an  arahinusc.  I'cntoscs  were  fimt  isolated 
from  the  urine  of  a  person  addicted  to  the  morphine  habit.  They  are 
idontified  by  the  orcine  or  phloroffluciue  tests,  or  by  making  their 
oziu:oues  which  melt  at  about  156-160*  C.  Thoy  reduce  Fehling's  solu- 
tion, but  do  not  ferment  vrith  yeast.    The  tesLi  are  described  on  page  946. 

Glyciironic  acid.  This  miA,  see  page  fM5,  occtirs  in  the  urine  in  small 
amounts  in  the  paired  or  conjugated  form.  It  is  levivrotatory  in  the  con- 
jugated, but  dextro-rotatory  in  tiie  free  state.  It  is  evidently  a  normal 
intermediary  product  of  metabolism,  but  unless  it  is  united  with  some- 
thing else  it  is  burned  in  the  body.  The  ingestion  of  various  drugs 
increases  the  quantity  in  the  urine.  Thus  camphor,  chloral  hydrate, 
many  aromatic  alcohols  or  phenoiR,  and  morphine  appear  in  the  urine 
conjugated  with  this  acid.  They  are  reducing  siibstanms  and  may  be 
confused  with  dextrose  or  the  penteses.  They  may  be  distinguished 
from  dextrose  in  that  the  latter  is  dextro-rotatory,  whereas  the  paired 
glycuronic  acids  are  levo-rotatory.  The  free  glycuronic  acid  gives  the 
orcine  test  and  phloroelucine  tests  like  the  pont-oses.  hut  ihe  conjugated 
acid  doea  not  give  the  orcine  lest.  It  may  be  distinguished  from  the 
pentoses  best  by  the  bromphenylhydrazine  compound.  This  when  dis- 
solved in  a  mixture  of  alcohol  and  pjTidine  is  very  strongly  levo-rotatory 
and  may  be  distinguished  in  this  way. 

The  origin  of  the  glycnronie  acid  is  still  uncertain.  It  is  clear  from 
the  fact  that  the  aldehyde  group  is  not  oxidiied  that  probably  the  oxida- 
tion of  the  glu'cose  to  the  acid  took  place  when  the  glucose  was  in  a  glaco> 
side  union,  so  thai  the  aldehyde  group  was  protected.  After  oxidation 
the  acid  was  split  off  by  hydrolysis. 

Acetone  and  diacetic  acid. — These  substances  appear  in  the  urine 
together  with  hydroxy  butyric  acid  in  severe  diabetes  mellitus,  or  after 
the  prolonged  administration  of  phlorixin  to  dogs,  or  during  various 
diseases  when  there  is  a  deficient  nourishment  of  the  bofly. 
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The  amount  of  tliese  bodi<!8  in  tlic  urino  may  bo  as  targe  as  250 
grains  a  day.  Tbey  produce  a  veritable  acidosis  in  severe  iorias  oi 
diabetes. 

Ttie  acetone  is  formod  from  diacetic  acid  by  spliuiug  off  of  car1>0D 
dioxide.  Usually  very  little  of  this  I  ransfonnatioii  occwrs.  but  la  dia- 
betes a  considerable  amounl  of  dissoiMaiion  of  litis  sort  tak<«  place  so 
that  the  urine  may  have  tiie  odor  of  acetone.  Acetone,  or  some  simi- 
lar smelling  substance,  is  in  the  urine  and  excretions  in  quantities  in 
the  disease  of  milk  sickness,  contracted  from  milk-sick  cattle.  There 
do  not  appear  to  have  been  any  determinations  of  the  amount  o£ 
acetone  given  off  in  this  disease. 

The  origin  of  the  aoetoac^etie  acid  is  in  part  from  the  fats  and  in 
part  from  the  proteins.  Several  of  the  amino-ai.>idR,  as  for  example 
leucine,  tyrosine  and  histidine,  give  rise  to  acetoncetic  acid  when  per- 
fused through  a  dog's  liver  or  when  administered  to  dogs.  This  origin 
of  aeetoacetic  acid  is  discussed  on  page  811.  A  more  Important  source 
of  acetoacetic  acid  ts  from  tlie  fats.  By  the  oxidation  of  butyric  acid, 
acetoacetic  acid  is  formed  in  the  body.  The  administration  of  fats  con> 
taining  butyric,  acid  particularly  increases  the  secretion  of  this  substance 
in  diabetics;  hot  acetoacetic  arid  is  also  formed  as  the  last  term  of  tho 
oxidation  of  the  other  fats,  since  it  is  probable  that  in  all  of  them  tho 
fatly  acids  are  oxidized  in  the  fi  carbon,  two  carbon  atoms  at  a  time, 
leaving  at  last  butyric  acid,  which  then  goes  over  into  aMtoacetic  acid. 
It  appears  either  that  the  power  lo  oxidize  this  substanc-c  is  reduced 
in  diabeticK  or  else  that  the  amount  formed  is  increased  beyond  the 
power  of  the  Ixwiy  to  destroy  it.  It  will  be  recalled  that  in  diabetica 
s  large  proportion  of  the  energy  reqiiircment  of  tho  body  must  b(^  cov- 
ered either  from  fats  or  from  proteins,  both  of  which  lead  to  this 
substance. 

The  source  of  the  oxybutyrtc  acid  is  not  now  doubtful.  It  is  formed 
by  the  reduction  of  the  acetoacetic  acid.  It  was  for  a  time  thought  that 
the  oxybutyrtc  acid  waa  formed  first  and  that  the  acetoacetic  acid  was 
derived  frx>m  this.  But  it  is  impossible  to  inorc-ase  the  excretion  of 
acetoacetic  acid  by  giving  oxybutyric  acid.  On  Uic  other  hand,  the 
excretion  of  oxybutyric  acid  is  increased  by  giving  acetoacetic  acid, 
from  which  it  is  inferred  that  the  kctonic  add  is  first  produced  and  the 
ateoholic  acid  by  reduction  from  this. 

It  is  probable  tliat  in  the  normal  body,  and  perhaps  in  tho  diabetic 
an  well,  the  oxidation  usually  goes  to  the  nest  step  in  the  oxidation  of 
the  acetoacetic  acid  to  two  molecules  of  acetic  acid,  both  of  which  are 
then  burned  to  carbonic  acid.  Tiiis  decomposition  appears  to  fail 
largely,  or  completely,  in  diabetica. 
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IhA  methods  for  the  delcuUon  and  tho  quantitative  cstiouitiou  of 
tbOM  Beet«ne  bo<Licfi  ar«  given  on  pages  ^3  and  1006. 

Tho  appearance  of  tiic8«  substances  in  the  urine  means  always  that 
an  acidosis  is  taJtiiig  place.  They  accuinulate  in  the  blood.  Tiiey  com- 
bine witli  ika  aikah  of  the  blood,  thus  setting  free  carbon  dioxide  and 
greatly  diuiiuialiiug  the  amount  of  tliia  aubstauce  in  the  blood.  Tiie 
result  of  this  is  that  the  uliuiinution  of  carbon  dioxide  is  interfered 
with.  In  uueh  cases  the  adininistratiou  of  sodium  carbonate  or  bicar- 
bonate is  often  very  beneficial. 

Metabolism  of  various  substances  not  foods. — ^A  great  deal  of 
information  concerning  tlie  probable  course  of  transformaliona  of  tlie 
foods,  and  coucerulug  the  chemical  powers  of  the  body,  has  been  obtained 
by  giving  to  animals  subalances  of  known  ehemieal  composition  and 
then  by  au  examination  of  the  urine  determining  whether  tiiey  bave  been 
affected  at  all  in  their  passage  through  the  body,  and  if  they  have  been 
affected  what  the  body  has  been  able  to  do  to  them.  A  very  large 
number  of  experimcnta  of  this  kind  have  been  tried  and  it  is  not  poe- 
sibte  in  a  book  of  this  character  to  deal  with  all  of  them.  Nor  indeed 
would  it  be  desirable,  since  it  would  burden  the  mind  to  no  good  end. 
But  it  is  worth  while  to  consider  the  general  priuciplus  whii>h  have 
been  worked  out  by  experimeufK  of  this  nature.  Mauy  different  ani- 
mals have  been  used  for  tliem:  purposes,  often  the  substances  have  bc«u 
ingested  by  thu  expcrimenlcru  themselves  when  it  is  certain,  or  fairly 
certain,  that  they  are  not  toxic,  tuit  an  a  rule  the  experiments  have  been 
tried  on  dogs,  eats  or  rabbila.  The  chemical  powers  of  different  kinds 
of  animals  of  course  vary,  else  there  would  not  be  various  speeics  of 
SLUimals. 

A  great  many  substances  which  are  uot  fitods,  and  many  of  them 
substaitees  whit-h  the  organism  has  had  no  experience  in  handling 
before,  arc  burned  wholly  or  partially,  or  otherwise  affected  hy  the 
cells  of  the  body.  This  fact  is  of  itself  very  interesting,  for  it  indi- 
cates very  strongly  that  at  least  one  way  of  burning  substances  is  while 
they  are  in  solution  in  the  water  of  tlie  protoplasm  and  not  when  they 
ere  in  the  living  protoplast  itself,  if  there  be  such  a  thing.  It  ia  hardly 
likely  that  such  materials  as  brombcnzcne  are  first  built  up  into  a  living 
molecule  before  being  oxidized.  It  is  far  more  probable  that  tliey  are,  as 
it  were,  burned  in  the  liquid  of  the  cell  while  in  solution  there.  This 
point,  it  will  be  recogniited,  is  a  matter  of  veiy  great  interest  from  a 
theoretical  point  of  view,  and  we  shall  have  occasion  to  come  hack  to 
it  in  congidering  the  comhiiRtiou  of  the  excess  protein  and  amino-acids. 
It  is  in  general  harmony  with  the  view  that  there  are  two  kinds  of  com- 
bustion going  on  in  a  living  cell :  first,  the  oxidation  of  the  living  matter 
itself;  and,  second,  the  oxidation  of  substances  not  strictly  a  part  of  the 
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liring  matter,  but  dissolved  in  the  water  which  penetrates  it.  In  most, 
if  not  all,  oxidations  where  there  Is  a  spontaneous  oxidation  there  is, 
m  has  been  pointed  out  already  in  dlscusalng  the  physical  chemistiy 
of  oxidation,  a  formation  of  hydrogen  peroxide  accompanying  the 
main  oxidation.  Now  it  is  a  peculiarity  of  uiau>'  of  the  oxidations  of 
living  matter  that  tlxtiy  may  be  closely  simulated  outside  the  cell  by 
oxidation  with  hydrogen  peroxide  at  ordinary  temperatures.  This  poiat 
has  been  partiuuJarty  eelablisbed  by  IJakin,  wlio  has  made  many  beau- 
tiful discoveries  conoerniug  the  nature  of  the  oxidations  in  the  body 
by  following  out  tliis  idea.  Hydrogen  peroxide  is  probably  formed  in 
the  course  of  tlie  vital  reactions  or  oxidations.  There  is  in  practically 
all  cells  catalase  for  the  purpose  of  destroying  the  peroxide.  It  would 
be  grange  if  tliis  ferment  was  so  generally  present  and  if  it  bad  nothing 
to  do.  It  is  probable,  then,  that  there  is  produced  alongside  of  the  vital 
oxidation,  or  respiration,  a  secondary  oxidation  of  a  purely  chemical 
kind  of  the  materials  in  snliition  in  the  water  of  the  protoplasm  by  the 
hydrogen  peroxide  formed.  It  is  possibly  this  oxidation  which  gets 
hold  of  the  substances  as  they  enter  the  cells  and  partially  or  wholly 
oxidizes  them.  This  oxidation  is  not  at  all  ^»ecific  and  il  may  happen, 
tbeu,  that  the  cell  lias,  in  general,  powers  of  oxidimng  things  it  baa  never 
met  with  before.  There  is,  liowever,  another  oxidation  which  is  specific, 
as  has  been  pointed  out 

Subttanecs  which  appear  in  the  urine  paired  with  glycuronie  acid. 
One  of  the  first  general  principles  which  was  found  wus  that  the  sub- 
stance ingested  after  undergoing  a  partial  oxidation,  so  that  it  obtained 
a  hydroxvl  group  at  some  point,  combined  with  glycuronie  acid  in  an 
eater  nnion  and  was  excreted  in  the  urine  as  the  glycuronie  acid  ester. 
A  very  large  number  of  difToreut  kinds  of  substances  are  thus  excreted. 
Not  always  does  all  of  the  compound  ingested  reappear.  Generally  some, 
or  most  of  it,  is  destroyed,  b^ond  recognition,  but  some  of  it  by  uniting 
with  glycuronie  acid  becomes  so  stable  that  it  is  no  longer  oxidized  or 
otherwise  metabolized  and  it  appears  in  the  urine  united  with  it.  Jost 
where  it  finds  the  glycuronie  acid,  in  what  organ,  wliethcr  the  liver  or 
the  muscles  or  somewhere  else,  that  is  not  definitely  known ;  but  it  is 
probably  one  of  these  two  organs,  for  it  is  probably  an  organ  which 
has  a  supply  of  rarb(4)ydrate  on  band  from  which  the  glycuronie  acid 
can  b«  formed.  Among  the  substances  which  thus  appear  in  the  nrine 
conjugated  with  glycuronie  acid  are  a  great  number  of  aromatic  sub- 
stances which  contain  the  phenol  group,  such  as  phenol,  crcsol,  camphor, 
cyclic  terpenes  such  as  bomeol,  menthol,  thymol,  naplithalene,  antipy- 
rine,  oil  of  turpentine,  oxyquinolines,  oi'thonitrotoluene  and  many  other 
gubstances  of  this  class.  In  addition  many  aliphatic  alcohols  also  com- 
bine with  glycuronie  acid  and  appear  in  the  urine  in  that  form.    Small 
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lUantititiB  of  the  celer  appear  after  Uie  ingestion  of  isopropyl  alcohol, 
amyl  alcohol  and  many  ketones  and  aldehydt>s  which  are  probably  first 
reduced  lo  alcohols  in  the  body.  Chloral  hydrate  appears  in  the  urine, 
after  its  ingestion,  as  triclilorethylglycuronlc  acid,  CjClallj.ConoO,. 

SuMatiCts  which  appear  in  the  urine  patrtd  with  glycine.  Glyoocoll, 
or  glycine,  is  another  substance  which  ia  very  often  united  with  ingested 
substances  and  ^Leu  so  unitM  protects  them  from  further  decomposi- 
tion, Uippuric  acid  is  a  glycine  conjugalo,  but  there  aj-e  many  others. 
Thus  in  the  bile  we  have  glycocholic  acid,  a  conjagate  of  cholic  acid 
and  glycine.  The  hody  is  apparently  able  to  form  very  large  amounts 
of  glycine  and  thus  to  protect  it^^elf  against  many  different  foreign 
substances  which  by  tbclr  decompofitttoD  might  give  rise  to  waste  or 
active  products  different  from  those  in  whose  presence  the  protoplasm 
is  accustomed  to  work.  The  aromatic  substances  which  by  oxidation 
give  rise  to  benzoic  acid  in  the  body  appear  in  the  urine,  in  part,  as 
hippuric  acid,  alUiough  they  are  in  part  often  oxidiiwd  further.  In  the 
lablc  ou.pagc  810  it  will  be  seen  that  phenyl-amino-acelic  acid,  phenyl- 
propionie,  phenyl cmnamic  acids,  phenylserine,  phcnylglycerie  and 
phenyl -b- hydroxy  propionic  acids  undergo  oxidation  in  the  body  to  ben- 
zoic acid  and  leave  the  body  in  part  as  hippuric  acid,  being  paired  with 
glycine.  Phenylethyl  alcohol  and  phenyl acetaldehyde  are  oxidized  to 
phcnylacelic  acid  and  paired  with  glycine  to  form  phenaceturic  acid. 
In  small  part,  too,  they  pair  with  glycuronic  acid.  Xylene  is  oxidized 
to  tolTiic  acid,  C,H4(CH,).C0OH>  and  paired  with  glycine  is  excreted 
aa  toluric  acid;  mcsitylene,  C^HjCCHi},,  is  oxidized  to  mcsi^lcnic  acid, 
CaU,(CH,),.COOII,  and  after  pairing  with  gtycocoU  ig  excreted  an 
mcaityluric  acid,  C,n,(CH,),.C0J^.CH,.C0On  ;  cymene,  (CH.)^CH. 
CflH^.CHn,  is  oxidized  into  cumic  acid,  p-isopropyl  benzoic  acid,  and 
excreted  as  the  glyeoeoU  conjugate,  cuminui'ic  aciJ,(CH,),.CH.CoH4.CO. 
JJH.CHj.COOH. 

Substances  which  appear  in  the  urine  conjugated  with  sulphuric 
acid.  We  have  already  considered  the  pHnoipal  substances  of  this  group. 
They  are  for  the  most  pan  aromatic  nlcohols,  such  as  plicnol,  indoxyl, 
scatoiyl,  pyrocateehol  and  the  substituted  inombers  of  the  group.  The 
formation  of  these  conjugates  is  still  essentially  unexplained.  It  is  not 
impossible  tJiat  they  may  pair  with  taurine  and  tlio  organic  part  of 
the  molecule  he  split  off.  They  may,  however,  be  formed  from  sulphuric 
acid  itself.    The  amount  is  in  any  case  not  vury  large. 

Substances  kMcH  are  paired  with  ornithine.  In  the  bird's  body  there 
docs  not  appear  to  be  on  hand  a  stock  of  glycine  for  pairing  purposes. 
Substances  which  in  the  mammals  leave  the  body  paired  with  glycoool! 
appear  in  birds'  urine  paired  with  ornithine  to  make  omithurie  acid. 
This  is  not  th«  only  diiferenee  between  the  birds'  metabolism  and  that 
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of  mammals,  Nitri1(?s  which  leave  the  mammal's  body  paired  with 
Bulphur,  as  sulpliocyanata,  do  not  appear  in  this  form  in  birds'  excre- 
tions. Ornithine  is  diamlno-valerianic  aeid,  NH,.CH,.CH,.CH,.CHNH,. 
COOH. 

Uramido  acids.  Attention  has  already  been  called  to  the  fact  that 
some  substances  leave  the  body  conjugated  with  carbamic  aciU, 
NH,.CO.On.  The  formation  of  substanccM  of  tliis  sort  indicates  that 
Siegfried's  carbamic  reaction  occurs  in  living  matter.  Perhaps  there 
first  ocean  a  union  of  carbonic  acid  with  the  amino  group,  followed  by 
ita  suboequent  union  with  ammonia  through  a  second  hydroxy!  of  the 
CO,.  ThuH  in  rabbits  m-amino-benzoie  acid  appears  iti  part  in  tlie  urine 
as  nramino-leuzoic  acid,  NH,.CO.NH.C^«.C0OH.  Heaetioiis  aimilar 
to  these  may  be  at  the  bottom  of  the  synthesis  of  uric  acid,  or  of  allan- 
toine.  These  may  undergo  dehydration  and  appear  in  tlie  urine  as  sub- 
stituted hydantoines.    Hydantoinc  is 

sn—co 
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Nitriles  and  cyanides.  These  appear  in  the  urine  of  mammals  aa 
the  sulpbocyanates,  having  somewhere  in  the  body  picked  up  an  unoxi- 
dized  Bulplitir  atom.  In  birds  this  union  does  not  occur,  or  if  it  does 
the  substances  do  not  appear  in  the  urine  in  this  form.  It  has  not  been 
determined,  so  far  as  I  can  And,  what  becomes  in  birds'  bodies  of  in- 
gesled  cyanides  and  nitriles. 

Processes  of  reducii<m  t»  the  body.  Whenever  they  enter  protoplasm 
substances  are  exposed  both  to  I'cducliona  and  oxidations.  Probably  the 
oxidations  occur  chiefly  in  the  part  of  the  cell  whei-e  the  oxygen  is  most 
plentiful:  namely,  that  near  the  blood  ves«el.  It  probably  happens, 
therefore,  that  the  flrst  exposure  is  to  strong  oxidation,  but  on  pene- 
trating into  the  interior  of  cells  where  processes  of  strong  reduction 
occur  it  ia  not  surprising  that  many  substances  are  redaced  as  well 
as  oxidi)^.  This  happens,  for  example,  to  the  foods,  since  from  the 
oxidized  carbohydrates  the  reduced  fats  are  formed.  But  many  sub- 
stances besides  the  carbohydrates  are  reduced  in  the  body.  Thus  alde- 
hydes and  ketones  ore  not  infrequently  reduced  in  part  to  uleohola, 
while  a  part  is  oxidized  to  acids.  This  happens,  for  example,  to 
acotoaeotic  acid,  which  is  reduced  in  part  to  ^-hydroxybutyric  acid. 
m-Nitrobenzaldehydo  is  in  part  carried  over  into  m-acctylaminobeiUKUc 
acid.  This  is  a  reaction  which  involves  an  avetylation  which  is  discusBfid 
later.    (S«e  page  620.) 

Metht/laii&n  and  demethylation.    Some  substances  such  as  pyridine 
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and  tellarium  compounds  are  methylated  in  passing  through  the  bodjr, 
and  some  other  sub«tancc8  lose  their  methyl  groups  perhaps  hy  oxida- 
tion. The  matter  of  mcthytation  has  been  considered  already  nnder 
creatinine.  The  methylated  xantliinea,  aucb  as  caffeine  and  theobro- 
mine, are  in  large  mcaaure  demcthylatcd  somewhere  in  the  body,  since 
they  appear  in  the  urine  in  small  port  aa  the  dimethyl  or  monomcthyl 
purines. 

Conclusion.  The  general  conclusion  from  tliis  work,  besides  the 
establish mcut  of  the  general  character  of  the  deeomposilious  of  various 
compounds,  both  foods  and  non-foods,  is  that  in  their  passage  into  the 
various  cells  of  the  body  tlie  ingested  molecules  of  aU  kinds  come  into 
contact  with  a  great  variety  of  other  molecules.  Some  of  these  molecules 
arc  of  such  a  character  that  union  takes  place.  The  subsequent  fate 
of  the  union  depends  upon  its  stability.  If  it  is  more  easily  oxidized  than 
the  substance  which  found  entrance  to  the  cell,  decomposition  and  oxi- 
dation occur  and  we  say  that  that  particular  cell  contains  an  oxidase 
whicli  is  capable  of  haKtening  the  oxidation  of  the  ingested  matter;  if, 
on  tbe  other  hand,  the  union  is  less  easily  oxidized,  or  oUierwise  decom- 
posed, than  the  original  substance,  the  compound  thus  formed  takes 
its  exit  from  the  cell  and  eventually  appears  in  the  urine  in  the  form 
of  a  paired  substance.  In  such  case  we  say  that  conjugation,  or  pairing, 
has  preserved  the  substance  and  perhaps  protected  the  body  from  the 
action  of  a  toxic  substance.  For  every  substance  whieh  is  thus  ren- 
dcre<I  inert  by  the  compound  being  more  stable  it  is  passible,  however, 
that  there  are  other  substances  which  by  union  are  rendered  less  stable 
and  made  more  toxic.  Thus  some  oitriles,  such  as  benzonitrile,  may  be 
rendered  far  more  toxic  by  partial  oxidation,  for  the  oxidized  nitriles 
set  free  hydrocyanic  acid  more  easily. 

Urinary  pigments.  Normal  human  urine  has  a  yellow  color.  This 
yellow  color,  which  may  deepen  on  exposure  to  light  and  air,  is  due  to 
certain  pigments  of  which  urochrome  and  urobilin  are  the  beat  ebarac- 
teri2ed.  In  addition  urine  when  made  strongly  acid  becomes  a  dark 
red  color,  due  to  the  development  of  a  pigment  culled  urociythrio.  This 
red  color  is  probably  derived  from  the  seatolc  of  the  urine.  The  com- 
position of  urobilin  and  urochrome  is  still  uncertain.  They  are  prob- 
ably derived  from  tlie  bile  pigment,  bilirubin,  and  urobilin  appears  to 
be  identical  with  stercobilin,  a  reduced  bilirubin  fouud  in  the  feces.  It 
is  quite  possible  that  this  reduction  of  bilirubin  to  urobilin  can  take 
place  elsewhere  tbau  in  the  aliioentory  canal,  since  urobilin  is  found  in 
the  bile  and  blood.  Both  urochrome  and  urobilin  yield  pyrrol  deriva- 
tivea.  They  are  probably  derived  in  the  long  run  from  the  hemattn  of 
the  blood  as  discussed  under  the  bile.  As  the  chemistry  and  origin  of 
these  compounds  is  still  so  uncertain,  further  diseusslon  may  be  post- 
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poned  nntn  methods  of  pnrifying  them,  particularly  the  oroclurome,  shall 
be  perfected. 
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CHAPTER  XVIII. 

THK  METABOLISM  OK  THE  BODY  CONSIDEBRD  AS  A  WHOLE. 

CABBOIITDRATES. 


I 


Id  the  immediately  prccodmg  chaptera  there  havo  been  considered  the 
chemistry  aud  iu(^(aboIi&m,  no  far  aa  they  are  known,  of  the  different 
organs  aud  tissues  of  tlie  body.  Since  each  of  tliese  organs  is  normally 
workiug  in  oonjiiitelion  with  others,  being  co-ordinated  either  by  the  nenr- 
ous  system  or  the  blood  in  Uic  manner  described,  their  normal  metaboligm 
ciui  only  be  studied  while  llicy  arc  in  sito.  The  possibility  of  atuJying 
each  organ  licparntely  is  greatly  limited  by  this  fact.  Much,  however, 
can  bo  learned  by  sludyingr  tliO  metabolism  of  the  body  as  a  whole,  with- 
out  inquiring  at  first  just  where  the  various  steps  of  that  metabolism 
occur.  In  this  met]iod  of  study  the  or^'aiu  are  alt  working  in  their 
normat  relation.4  aud  at  tlieir  maximiitn  e(Ii«'icney.  Moreover,  fiie  fimda- 
mpntal  protrcKses  o£  metabolism  probably  do  not  differ  very  widely  in 
different  organs,  nithough,  of  course,  the  mctAboUsm  differs  in  par- 
ticulars in  earh,  so  that  the  constitution  of  each  i.s  specific.  The  prene-ral 
course  of  the  cliangc  which  the  carbohydrates,  protdns  and  fata  undergo 
in  the  course  of  tJieir  passage  through  the  body,  from  the  time  of  their 
abaori)tiott  to  their  excretion  in  the  form  of  vanous  fragments,  may  cow 
be  examined. 

Ttie  metabolism  of  sugar. — The  carbohydrates  are  chieSy  absorbed 
OS  glucose,  levulose  and  galactose  and  almiit  500  grams  of  carbohydrate 
are  normally  consumed  per  day.  We  have  now  to  follow,  so  far  as 
we  are  able,  the  sugar  thus  absorbed  in  its  course  through  the  bodj. 
Prom  the  intestine  it  passes  to  the  blood,  where  it  is  found  in  the  blood 
plasma  in  a  concentration  varying  from  .08-.15  per  cent,  of  the  whole 
blood.  The  glucose  thus  prescDt  in  the  serum  is  dialyzable  and  the 
greater  part  of  it  is  free  and  not  united  to  any  colloidal  matter,  as  was 
at  one  time  suggfisted  (McGuigiin  and  von  Ilesa). 

In  taVing  np  this  subject  of  the  carbohydrate  metabolism  it  is 
perhaps  most  interesting  and  instructive  to  follow  the  historical  method. 
About  the  middle  of  the  nineteenth  century  it  was  known  from  the  work 
of  Ijftvoisier  tliat  the  carbohydrates,  like  other  foods,  were  burned  or 
oxidized  in  the  body  in  large  measure  to  c&rboQ  dioxide  and  water; 
that  by  means  of  this  combustion  heat  was  liberated  to  just  the  same 
amount  as  would  have  been  produced  by  burning  so  much  sugar  out- 
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side  the  Iradyi  thot  of  this  hc&t  part  was  consumed,  or  rendered  latent, 
in  the  evaporation  o£  water,  or  in  doing  work,  and  tlie  greater  paK 
supplied  the  heat  which  the  body  was  constantly  griving  oft  aa  if  it  were 
a  Btove.  But  where  this  combustion  took  place,  bow  it  could  take  place 
in  an  aqueous  raediuin,  and  whether  the  sugar  underwent  intermodiary 
trans formationH  before  oxidizing,  as  was  indicated  by  the  appearance  of 
lat  after  carbohydrate  ingestion,  these  were  matters  quite  obscure. 

A  great  step  forward  in  this  dark  field  was  taken  iu  1843  by  the 
French  physiologist,  Claude  Bernard,  a  man  whose  name  should  be 
remembered  for  his  striking  discoveries,  ingenious  and  skillful  experi- 
ments, his  clear  thoughts,  lofty  imagination  and  the  beautiful,  simple 
and  luminous  style  in  which  his  books  and  papers  were  written.  Since 
it  was  impossible  to  follow  the  course  of  the  sugar  directly  after  its 
entrance  into  the  blood,  Bernard  turned  his  attention  to  those  patho- 
logical cases  ID  which  sugar  appears  in  the  urine.  Dtscas<?  tries  many 
experiments  which  we  cannot  as  yet  with  our  clumsy  viviscctional 
methods  hope  to  imitate,  and  for  the  wise  man  who  can  read  the  experi- 
ments aright  pathology  reveals  many  secrets  of  metabolism.  It  waj; 
known  to  Bernard  that  at  times  large  amounts  of  glucose  may  appear 
in  the  urine  of  human  beings,  although  it  normnlty  is  present  only  in 
traces,  .04  per  cent.  The  orine  is  then  greatly  increased  in  amount,  it 
is  often  sweet  to  the  taste,  very  light  colored,  having  a  high  speeitie 
gravity  and  often  a  sweetish  or  aromatic  odor.  Such  patliological  urine 
excretion  is  called  glycosuria,  or  glueosuria.  or  diabetes  mcUilus  (dia, 
through,  and  mel,  honey;  literally,  honey  diabetes).  In  severe  forma  of 
this  disease  with  a  fatal  ending  in  eoma,  60-200  irramK  of  glucose  might 
bo  eliminated  per  day.  Nothing  was  known  of  the  cause  of  the  disease 
80  grove  in  its  prognosis;  or  of  the  origin  of  the  glucose  which  appeared 
in  the  urine. 

Bernard  tried  to  produce  the  disease  artificially.  He  found  that 
injury  to  the  floor  of  the  fourth  ventricle  of  the  medulla  oWongata  in 
dogs  and  rabbits  proiluecd  almost  invariably  a  discharge  of  glucxMe 
in  the  urine.  This  puncture  is  known  as  the  sugar  puncture.  This 
glueosuria  was,  however,  temporary  and  never  had  a  fatal  ending.  It 
was  found  on  examining  the  matter  fartlicr  that  the  puncture  only  pro- 
dueed  glueosuria  if  the  animals  had  been  fed  on  carbohydrate,  or  were 
well  fed.  Starving  animals  produced  little  or  no  sugar.  It  did  not 
occur  either  if  the  gplanchnics,  two  sympathetic  norres  Buppli-ing  the 
abdominal  viscera,  had  been  divided  before  the  puncture  (Eckhard>. 
Bernard  did  not  succeed  in  producing  artificially  a  severe  glycosuria 
with  the  accompanying  iQ-mptoms  of  the  human  diBcasc.  nor  were  ph>'ai« 
ologists  more  successful  until  about  1890,  when  vOD  Mering  and  Slia- 
kowaki  dtscorered  that  extirpation  of  the  pancreas  would  produce  it. 
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Bernard  attempted  to  find  where  the  sugar  c&me  from  which 
appeared  in  tlie  urine  after  the  sugar  puncture.  He  examined  the  glu- 
cose coul«at  oi  the  blood  in  different  regions  of  the  body.  He  found 
that  the  l)lood  of  the  jugular  and  femoral  veins  contained  lesa  glucose 
than  the  corresponding  arterial  blood : 


V.  juKularu OS^g 

Carotid  Artery 12 


Fsmoral  artery 0.12% 

Femoral  v«in O.OS 


Evidently  glucoeo  was  taken  from  the  blood  in  piissing  throiigli  the 
tJGSues  supplied  by  these  blood  veasela.  Next,  by  means  of  a  Bound 
passed  into  the  jugular  vein,  he  drew  a  sample  of  blood  from  the  right 
auricle.  This  contained  an  much  glucose  as  the  arterial  blood.  It  wiui 
clear  that  soiiiewliere  in  the  body  sugar  must  be  added  to  the  blooil  to 
make  good  the  Iork  nf  tlmt  taken  out  by  the  tissues.  A  sound  pn.ssf'il 
through  the  heart  and  down  into  the  inferior  vena  cava  to  a  level  just 
above  the  kidncj-s  showed  that  the  blood  of  that  vein  contained  0.08  per 
cent-  of  sugar.  The  sound  was  now  drawn  carefully  back  to  the  level 
of  the  opening  of  the  hepatic  vein.  The  blood  from  here  contained 
0.14  per  cent,  or  more  of  glucose,  or  more  than  the  arterial  blood.  Evi- 
dently, then,  somewhere  in  the  portal  circulation  glucose  was  added 
to  the  blood.  An  examination  of  the  blood  of  the  portal  vein  showed 
generally  that  the  portal  vein  blood  contained  less  glucose  than  the 
hepatic  blood.  This  proved  that  sugar  was  added  to  the  blood  during 
Its  passage  through  the  liver  and  an  examination  of  this  organ  resulted  in 
the  discovery  of  the  following  faet-s :  If  the  liver  was  taken  as  rapidly  as 
possible  after  decapitatioE  out  of  the  body  of  a  rabbit  and,  excluding  the 
gall  bladder,  was  thrown  into  boiling  water  and  cut  up  in  it  while  boiling, 
only  very  small  amounts  of  a  reducing  sugar  could  bo  extracted  from 
it.  Evidently  the  liver  did  not  contain  more  sugar  than  might  be 
attributed  to  the  blood  in  it.  But  there  went  into  solution  in  the  water 
a  subBtanoo  which  made  an  opalescent  solution  and  which  when  boiled 
with  acid  or  acted  upon  by  saliva  or  malt  diastase  quickly  set  free  a 
rediiciiiR  sugar.  Moreover,  if  the  liver  was  left  in  tlic  htaly  after  death, 
then  it  wa.t  subsequently  found  to  contain  considerable  quantities  of 
glucose  and  maltose.  The  living  active  liver,  then,  contained  little  or 
no  glucose,  but  it  contained  a  considerable  quantity  of  a  material  from 
which  glucose  eould  be  and  was  made,  and  this  substanco  was  called  by 
Bernard  for  this  reason  glycogen,  tho  glucose-maker. 

Thus  was  made  one  of  the  tlrst  or  fundamental  discoveries  in  our 
knowledge  of  sugar  metalralism  and  it  placed  the  liver  in  an  entirely 
new  light.  It  had  before  that  been  known  only  a.s  a  digestive  gland; 
it  was  now  seen  that  it  played  another  and  posnibly  far  more  important 
rSle  in  the  carbohydrate  metabolism  of  the  body  and  was  one  of  its 
most  important  chemical  factoriea. 
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Further  study  hy  Bernard  showed  that  the  glycogen  which  he  had 
discovered  waa  very  generally  found  in  the  animal  kingdom,  whf?re  it 
played  the  r&le  that  staruh  plays  in  tlie  plant  world.  Be  nhowed  that 
it  was  preKent  in  muscle  cells,  in  pus  cells,  in  embryonic  tissues,  in  flyJ 
larvffi,  in  earthwonns  and  in  other  invertebrales  as  well  as  vertebrateB^ 
and  it  was  present,  though  in  varying  amounts,  in  the  livers  of  nearly 
all  vertebrates.  Tt  became  at  once  one  o(  the  fuDdaoientat  constJtuetita 
of  animal  cells. 

0li/c9g6n.  CC«H,oOi)n.  The  glycogen  thus  discovered  is  a  col- 
loidal polysaceliaridc  which  is  digested  by  ptyalin  into  maltose  and  by 
the  liver  tissue  and  Muscle  tissue  into  glucose  and  maltose.  When 
inverted  by  acid  it  yields  dextrose.  It  is  entirely  resistant  to  30  per 
cent.  KOII  and  its  quantitative  detormination  depends  upon  this  fact. 
Il  is  prepared  by  boiling  the  tissue  with  30  per  cent.  KOH  until  it  dis- 
solves; filtering  through  asbestos  or  glass  wool  and  precipitating  with, 
alcohol.  All  protein  and  reducing  sugars  are  destroyed  by  the  stroi^j 
alkali.  It  ia  snow-wbitc  in  color,  soluble  in  water  to  an  opalescent  solu- 
tion. It  is  dextro-rotatory!  («i')o= +196.63'.  It  does  not  reduce  P«h- 
ling's  solution;  with  lodine-pota.'i.iium  iodide  it  giv(?s  in  the  cold,  if  salt 
is  present,  a  port-wine  color  and  this  is  one  of  the  means  of  its  detection. 
By  this  reaction  it  may  be  iletected  in  sections,  and  it  can  be  seen  tii.| 
the  liver  tissue  often  deposited  in  radiating  mas'tes  or  granules  about 
the  nucleus.  Some  of  the  mitochondria  described  by  histolc^ists  are 
possibly  glycogen.  It  is,  as  will  he  seen  from  its  resistance  to  alkali, 
an  inert  substance.  It  Is  colloidal  and  it  is  plainly  a  reserve  material 
of  the  cell. 

Origin  of  ghjcogtm.  The  question  of  the  origin  of  the  glycogen  of 
the  liver  was  at  once  attacked,  Bernard  found  that  it  not  only  ap 
peai'ed  in  lar^  quantities  when  carbohydrate  food  was  taken  and  beneal 
was  made  presumably  from  the  carbohydrate  of  tlie  food,  but  it  ap- 
•  pearcd  alao  when  a  purely  meat  diet  was  consumed.  Putrefying  muade| 
contains  almost  no  carbohydrate,  but  the  larvK  of  flies  which  have  fc 
upon  this  muscle  and  on  nothing  else  contain  large  amounts  of  glycogen 
in  their  bodies.  Evidently  they  must  be  able  to  malte  glycogen  from 
protein  imd  wncc  dogs  fed  exclusively  on  lean  meat  also  have  Uvcrs 
containing  large  amounu  of  glyeog^  they  too  must  bo  able  to  mako 
carbohydrate  from  protein.  A  second  fundamental  discovery  in  the 
metabolism  of  the  sugars  was  thus  made,  namely,  that  animals  can 
make  carhohydrate  from  protein.  Tliis  showed  (hat  animals  had  powers 
of  aynthesis  whinh  it  had  hvoti  believed  were  peculiar  to  plants. 

To  try  these  eipcrimcnts  properly  it  is  neccEsary  to  get  the  liver 
practically  glycogen  free  at  the  start  of  the  feeding.  This  ran.  perhaps, 
be  done  best  by  Lusk'a  method  of  the  injection  of  phtorizin  of  wbioltl 
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we  shall  presently  speak,  but  before  the  propertiea  of  this  drug  were 
known  recourse  was  had  to  other  methods.  Animals  were  made  to 
fast  for  considerable  periods,  forced  to  exercise  by  being  put  in  a  re- 
volving cage,  exposed  to  cold,  which  causes  consumption  of  glucose,  and 
finally  given  small  doses  of  strychnine  to  produce  mild  tetanus.  By 
these  means  the  liver  may  be  made  almost  glycogen  or  sugar-free  and  the 
amount  in  the  muscles  is  reduced  to  a  minimum. 

Origin  of  glycogen  from  protein  and  carbohydrates.  That  the  glyco- 
gen is  formed  from  protein  and  carbohydrate  food  is  illustrated  by  the 
following  experiments  by  Kiilz  and  G.  Yoit.  Kiilz  fed  hens  casein, 
serum  albumin  and  e^  albumin,  control  hens  beihg  sacrificed  at  the 
start  of  the  feedii^  to  determine  the  amount  of  glycogen  in  the  liver. 


Glycogen  conleiil 
Borore 

or  the  liver— grniB. 

Siibittaiicc  ted 

Arter  feeding 

1.013 
0.917 
1.016 

1.85 

1  66 

1.78 

C.  Voit  starved  hens  and  rabbits  for  five  days  which  reduced  the 
glycogen  to  a  minimum.  He  then  fed  various  carbohydrates  and  killed 
the  animals  after  six  hours. 

Uiiirar  Ted  AnEmal  AmuDDt  Ted  Glycogen  Ju  IWer 

1      T>=^«.-.  i  Coclt         50  grams  15.34% 

1.  uexiroM    ^  Rabbit      80      "  18.85       (9.269  grams  in  liver; 

8.972  grams  in  muade) 

2.  Sucrose    Hen  100  c.c  60%  solution.     3.75%  {1.215  grams) 

3.  J^vulose     Cocic         54.89  grama  10.50%  {3.99  gra.;  3.562  gra.  in 

rest  of  body) 
(  Rabbit      130  c.c.  54.8  grams  ».08%  (5.2G grama) 

4.  Maltose    \  Coclc         00  grams  10.43       (4  grams) 

(  Rabbit     60      "  11.822 

■i      nnlaetoae  J  ^™=^         55  grams  1.29%  (0.6716gr.) 

(  ITen  16  grams  0.19% 

6.     LactoBc \  Rabbit      16      "  1.70 

I        "  50  grams  0.09      before;  3.61%  after. 

From  these  results  it  appears  that  feeding  glucose,  levulose,  sucrose 
or  maltose  leads  to  a  loading  of  the  liver  with  glycogen.  Lactose  and 
galactose  are  utilized  very  little,  if  at  all,  by  rabbits  or  hens.  They  are, 
however,  utilized  by  dogs,  human  beings  and  other  animals. 

As  regards  the  origin  from  carboliydrates  Voit  (Otto),  after  four 
(lays'  fasting,  gave  a  rabbit  80  grams  of  glucose  in  solid  form  and  killed 
it  after  8Y2  hours.  The  liver  weighed  53  grams ;  he  obtained  9.269  grams 
of  glycogen  or  16.85  per  cent.  In  the  rest  of  the  body  there  were  8.972 
grams  of  glycogen.  The  urine  contained  during  this  period  0.816  grams 
of  nitrogen  equivalent  to  5.10  grams  of  albumin  which  at  a  maximum 
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could  only  have  j-ielded  2.42  grams  of  glycogen.   There  is,  tliCD,  no  doubt 
of  the  origm  of  glycogen  from  curbohydratc  of  the  fooiL 

Origin  of  glycogen  from  fat.  While  glycogen  can  Urns  be  readily 
formed  from  prot«In  and  other  carbohydrute  very  little  is  formed  from 
fat.  It  is  found  by  feeding  glycerol  to  animala  rendered  artificially 
diabetic,  or  to  diabetic  human  beings,  that  the  glycerol  of  the  fat  mole- 
cule, if  it  get  free,  may  be  tiiriiod  over  into  carhohydrato.  But  if  fats 
are  fed  to  diabetic  animals  or  men  they  do  not  materially  change  the 
excretion  of  dextrose.  It  appears  from  this  that  the  fatty  acids  do 
not  go  over  into  carbohydrate  in  the  body,  althou^  the  reverse  formation, 
the  change  of  carbohydrate  to  fat,  goes  with  the  greatest  case,  and  may 
vory-possibly  he  a  part  of  every  anaerobic  respiration.  It  seems  prob- 
able that  the  dextrose  molecule  in  its  decomposition  may  famish  oxygen 
to  tJic  living  matter  and  be  itself  rcduoctl  to  fat  or  other  less  oxidized 
eubstanc«8.  In  this  way  in  the  absence  of  sufficient  oxygen  it  aids  in  the 
respiration  of  the  cell  and  it  is  itself  stored  as  fat  to  be  used  when 
the  supply  of  oxygen  u  more  plentiful.  The  oxidation  of  the  fatty 
acids  has  already  been  briefly  discussed  on  page  75,  and  it  will  be 
recalled  tliat  they  split  into  acetic  acid  and  the  fatty  acid  poorer  in 
carhou  by  two  carbon  atoms.  Acetic  acid  does  not  go  over  into  glycogen 
but  is  oxidized  to  carbonic  acid. 

Origin  of  glycogen  from  other  substanc£t.  Fnrthcr  study  hoB  shown 
that  the  liver  can  convert  mnny  other  substances  into  glycogen,  some 
of  them  very  simple  substances.  Thus  it  can  convert  lactic  acid,  pyravie 
aeid,  glycerol,  propyl  alcohol,  glycerol  aldehyde,  aspartic  acid,  alanine, 
and  some  other  amiuo-acids  to  carbohydrate.  The  power  of  the  body  to 
convert  other  substances  into  carbohydrate  is  most  conveniently  atudiett 
by  Lusk's  method  of  using  phlorirJni/cd  dogs. 

Fustiiig  dogs,  wlicn  iujecl4xl  sulKularicously  with  1  gram  of  finely 
powdered  phlorizin  suspended  in  7  c.c  olive  oil  develop  a  severe 
glycosuria  lasting  for  several  days.  The  ratio  of  dextrose  to  nitrogen, 
U :  N,  in  the  urine  after  a  day  or  so  reaches  the  value  of  3.5..t.7.  If  now 
these  dogs  arc  fed  or  injected  witli  substances  which  are  ctmvertMl  into 
glucose  in  the  body,  the  extra  glucose  thus  formed  is  excreted  in  the 
urine  and  the  amount  may  be  detcnninc<l.  In  this  way  it  may  be 
found  whether  animals  have  the  power  of  converting  any  given  substance 
into  rIiicosc.  The  followinfj  tabic  has  brcn  compiled  from  Lush's  work; 
the  table  showing  that  the  first  four  araino-ocids  are  clearly  capable 
of  being  turned  cither  wholly  or  in  part  into  glucose  in  the  dog's  body. 
The  amount  of  these  acids  in  meat  will  account  for  about  .50  per  i-f-nt. 
of  the  glui-use  which  is  formed  when  meat  is  fe<l  phlorizinized  dogs, 
Probably  serine,  argluine,  lysine,  and  valine  also  go  into  glucose  in  whole 
or  in  part.    Leucine  probably  does  not  form  glucose.    Since  these  amino* 


THK   METABOLISM   OF  THE  BODY 


m 


acids  thus  go  into  glucose  in  the  phlorizintzed  dogs  it  is  probable  that 

they  have  tills  power  in  Ibc  Dormal  animal  and  thus  contribate  to  the 

formation  of  glycogen. 

TbciiFodoi  It  all    P*f  *tiit    at 
Extni  Kliii'iiiiK       ■iiiinn-ui  111  rnn-       Autlnii-Nclil 
Amnutll—  *irr<'U->l—  TuXftf    nun    rIii-        miile  li>tn 

i-Mid  fMl  cnti>i>  icmiia  C'lW^H'""!*  ulucc" 

W    ffl>  U.a  15.8  m  IGU 

ibie  iO  1S.T0  20.2  100 

A«|>a,rtiG  acid  20  13.-l^l-l^  ia.&2  100 

iK  3  C  ntoBu  tutu  gluooK.) 

Ulutuuio  acid   SO  13.14  12.24  100 

(If  3  C  atom*  to  glucoM.) 
TyrMine , 0  0 

Tbe  place  of  the  transformation  of  ainino-acids  to  glucose  is  cer- 
tainly in  part  in  the  liver.  Glueose  and  glycogoii  vau  be  made  by  the 
liver  from  protein.  It  will  be  recalled  when  discussing  digestion  that 
some  deamidization  of  the  amino-acids  took  place  In  the  canal  wall  or 
before  absorption.  The  auiino-acida  are  carried  also  as  such  to  Uie  liver 
and  this  organ  has  the  power  of  dcamidiziug  some  of  them.  This 
process  has  becu  studied  by  Kboop  ami  Ncubcrg.  Alanine,  for  example, 
when  perfused  through  the  Uvcr  loses  its  amino  group  and  passes  into 
pyruvic  acid;  glycoeoU  goes  into  glyoxylie  acid: 

CH^.CTlNHj.COOH     +    0    =    CH^.CO.COOH -|-KH^ 
Aluniiie.  I:^ruvie  ftcid. 

CH^JiH^.COOn    +    0    =    CHO.COOH  +  NH^ 
Glycocoll.  Glyoxylic  aeld. 

Not  all  of  the  amiuo-acida  which  reach  the  liver  arc  thus  converted 
into  glucose.  Some,  and  probably  a  large  part  of  them,  escape  tlie 
gauntlet  and  cireulutiug  iu  thv  blood  reach  and  nourish  the  tissues  of 
the  body.  The  power  of  oxidizing  them  In  the  way  just  indicated  is 
probably  an  attribute  of  all  living  matter,  although  possibly  especially 
developed  in  the  liver.  Kolin  and  Denis  have  questioned  whether  the 
liver  really  deamidizcs  most  of  the  amino-acids  at  all.  Perfusion  expert' 
ments  appear,  however,  to  be  positive  that  some  deamidization  occurs 
there. 

Conversion  of  glycogen  into  glucose.  The  circumstances  and  exact 
control  of  the  conversion  of  glycogen  into  glucose  by  the  liver  are  atiil 
a  matter  of  invostigation  and  I  hey  cannot  be  said  to  be  clear  in  all 
their  details.  Its  great  importance  arises  in  part  from  the  fact  that  tho 
process  is  typical  of  what  goes  on  in  cells  in  general,  for  stored  foods 
are  not  uncomiaou.  It  may  he  said  at  the  outset  that  the  interruption 
of  the  blood  flow  Uirough  the  liver,  or  depriving  it  of  oxjgeii.  always 
leads  to  the  conversion,  more  or  less  complete,  of  glycogen  into  sugar. 
The  ]iver  can  only  form  glycogen  if  it  be  supplied  with  sufRcicrnt  oxygen. 
During  dig^ion^  when  vasodilation  occurs  in  all  tho  intestinal  organs, 
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Uie  liver  receives  btood  by  tlie  portal  veiti,  which  is  only  slightly  poorer 
in  oxygen  than  art«ria1  blood.  At  this  time,  therefore,  glycogen  is 
formed  in  abiuidanee.  But  during  digestive  reat  the  liver  receives  blood 
by  the  portal  vein  which  ia  already  strongly  venous;  and  the  supply  of 
arterial  blood  is  relatively  small  by  way  of  tlic  hepatic  artery,  so  that 
at  this  period  the  liver  must  be  on  the  verge  of  aaphyxiatlon.  Under 
tJiese  circamgtaucea  glycogen  will  be  convened  into  gIueo»e. 

Sagar  puncture  leads  to  Uie  disappearance  of  glyeogen  from  the 
liver;  and  tlic  conversion  of  glyci^co  into  glucose  can  be  liaslened  by 
the  stimulation  of  the  splauchnics,  or  of  nerves  accompanying  the  blood 
vessels  into  the  liver.  Carbon  monoxide  poisoning  leads  to  the  dis- 
charge of  the  glyixtgcn;  curare  injection  has  a  similar  result  because^ 
owing  to  the  paralysis  of  the  skeletal  mu5i;k\t,  the  respiration  is  reduced 
and  partial  asphyxia  results.  Chloroform  and  some  other  anestheties 
easily  produce  glycosuria  in  rabbits  and  in  dogs  and  human  I>eing8,  al90^ 
if  the  body  be  chilled  during  the  anesthesia.  A  very  important  discovery 
n-as  that  the  injection  of  adrenaline,  the  internal  secretion  of  the  suprt- 
renals,  greatly  increjised  the  blood  sugar,  providixl  the  liver  contained 
glycogen,  and  hence  produced  hyperglycemia  and  glycosuria.  So  that 
the  supra-renal  glands  were  thus  brought  into  relationship  willi  the 
glycogen  conrersiou.  The  question  has  now  arisen  wlicthcr  the  conver- 
sion of  glycogen  to  glucose  by  stimulation  of  the  splanchnics,  or  by 
sugar  puncture,  is  due  to  the  direct  effect  of  the  stimulus  on  tlie  cells 
of  the  liver,  or  whether  it  is  the  indirect  effect  of  slimidation  of  the 
supra-renal  capsules,  since  these  nerves  supply  these  organs  also. 

Further  examination  of  this  problem  has  ahovn  that  if  the  snpra- 
renals  be  extirpated,  and  rabbits  will  live  for  moiii-hs  without  these 
organs,  stioinlation  of  tlie  splaudiuics  nu  longer  caiuses  a  conversion  of 
glycogen  into  glucose.  On  the  other  band,  the  amount  of  adrenaline  dis- 
charged into  the  blood  is  not  sufficient  in  itself  to  cause  glycogeitolysis. 
MacLeod  is  probably  right  in  his  opinion  that  stimulation  of  the 
splanchnics  does  two  things:  it  directly  stimulates  the  liver  cells  to 
convert  glycogen  into  sugar;  and  it  iudirectty  facilitates  tliis  rt^snlt  t^ 
setting  free  adrenaline,  which  carried  to  the  liver  greatly  increases  or 
re-«nforcefl  the  effect  of  the  stimulation,  just  aji  it  does  that  of  other  ^ym- 
pathetic  ncrii'cs.  Strong  emotion,  cither  of  Fright  or  anxiety,  causes 
hyperglycemia  and  in  some  human  beings  glucosuria.  By  some  authors 
this  result  is  supposed  to  be  duo  to  the  indirect  action  of  adrenaline, 
which  is  known  to  be  discharged  into  the  blood  in  large  amounts  in 
emotional  excitement  It  is,  however,  more  probable  tliat  we  are  dealing 
here  with  a  double  action,  the  stimuli  coming  from  the  brain  under 
emotional  strain  pass  over  thp  splanchnic  nerves  in  part  directly  to  the 
liver,  arousing  the  cells  to  glycogenolysis,  and  in  part  indirectly  lh«y 
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the  efiiciency  of  this  stimulation  by  actioD  of  the  sapra-reaala, 
causing  a  discharge  of  adrenaline. 

The  transformaiinn  of  glycogen  into  glucose  in  the  liver  is  then,  In 
a  fiondition  of  health,  the  product  of  at  least  two,  and  probably  mora, 
factors.  In  tlic  first  place  there  is  the  effect  of  nerve  stimnlation  which 
in  some  way  accelerates  ihis  transformation ;  and  in  the  second  place 
this  stimulation  is  rendered  far  more  powerful  by  the  increase  in  the 
adrenaline  content  of  the  blood  by  the  nervous  impulses  impinging  on 
tliu  adrenals.  By  tlie  co-operation  of  these  two  actiona  glycogen  is 
ch&og«ki  over  into  glucose  auU  hyperglycemia  ia  produced.  Indirectly, 
also,  either  as  the  result  of  the  hyperglycemia  alone,  or  b«caasc  at  the 
same  time  the  nerves  going  to  the  kidney  influence  the  stiit<c  of  that  organ, 
there  may  result  an  emotional  glycosuria. 

The  hyperglycemia  ihos  produced  ia  undoubtedly  in  the  nature  of 
an  adaptation.  The  object  of  the  mechanism  is  to  supply  to  the  muscles, 
which  under  normal  circumstajieea  in  nature  may  be  caLIoil  upon  to 
undergo  great  cxcrtJons  as  the  nnimai  flees  or  attacks  or  defends  itaclf, 
on  abundant  supply  of  glucose  from  which  they  can  sustain  their  energy. 
Experiments  have  clearly  shown  that  in  the  normal  auiuuU  maximal 
contractions  are  made  possible  by  an  increase  in  the  sngar  of  the  blood. 
The  heart,  also,  nourishes  itself  from  tliis  food  and  in  its  presence 
tissues  arc  able  to  work  with  less  oxygen  than  in  its  absence. 

Just  as  the  emollous  may  stimulate  glycogeuolysis,  so  also  does  ex- 
posure to  the  cold,  if  rabbits  arc  simply  cooled,  or  if  dogs  an:-  cooled 
and  ancfithcl iiscd,  or  if  huuiat]  beings  arc  aim.ilar]y  triuttcd,  hyper- 
glycemia and  diachargti  of  glucose  fnun  the  liver  results.  This  again 
is  in  the  nature  of  an  adaptive  change  since  tlio  muscles,  the  great 
thonnogenic  tissues  of  the  body,  renuirc  the  glucose  for  fuel. 

The  fact  that  emotions  or  cooling  have  this  elToet  explaina  the  nega< 
tivQ  results  o£  several  observers  who  have  attumpled  to  increase  tha 
glycogen  content  of  the  liver  by  the  direct  iujecliou  of  glucose  into  tha 
mesenteric  or  otlicr  veins.  Thus  Croftan  got  quite  a  m^gativc  result  in 
Bach  experiments  unless  glucose  was  givKU  by  the  intestine,  whereas 
positive  results  were  oblained  provided  care  was  taken  to  prevent  the 
access  of  stimuli  from  the  nervous  system  to  the  liver. 

It  has  been  rcmarkod  Uiat  stimulation  of  the  splanchnic  nerve  causes 
a  change  of  glycogf^n  to  glu(!ofii>.  How  is  this  produced!  Does  tJie  ncn'e 
Btimulation  in  some  way  set  free  a  glycogenolytic  enzyme  in  the  tissno; 
or  does  it  in  some  other  way,  for  example  by  Klimulating  the  active  dis- 
charge of  glucose  from  the  cells,  upset  the  cfjuilibriiiui  between  glucose 
and  glycogen  and  thns  cause  more  glycogen  to  change  to  glucose!  Is 
there  in  fact  such  an  equilibrium  t  The  same  question  arises  in  coo- 
ing the  physiology'  of  muscle  where  also  following  nerve  atimulation 
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the  liver  receives  blocd  by  the  portal  vein,  trhich  is  only  slightly  poorer 
in  oxygen  than  arterial  blood.  At  this  time,  therefore,  glycogen  is 
fonacd  in  abimdnnce.  But  during  digestive  rest  the  liver  receives  blood 
by  the  portal  vein  which  is  already  strongly  venous ;  and  the  supply  of 
arterial  blood  is  relatively  small  by  way  of  the  hepatic  artery,  so  that 
at  this  period  the  liver  niiist  be  on  the  verge  of  asphyxiation.  Under 
these  circumst-aucea  glycogen  will  be  converted  into  glucose. 

Sugar  puuctui-e  leads  to  the  disappearance  of  glj'cogen  from  tho 
liver;  and  the  conversion  ot  glycogen  into  glucose  can  be  hastened  by 
the  stimulation  of  tlie  splonchuics,  or  of  ner\*es  aceompanying  the  blood 
vessels  into  the  liver.  Carbon  monoxide  poisoning  leads  to  the  dis- 
charge of  the  glycogen;  curare  injection  has  a  similar  result  because, 
owing  to  the  paralysis  of  the  skeletal  uiust^^les,  the  respiration  is  reduced 
and  partial  asphyxia  results.  Chloroform  and  some  other  anesthetics 
easily  produce  glycosuria  in  rabbits  and  in  dogs  and  human  beings,  also, 
if  the  body  be  chilled  during  the  anesthesia.  A  very  impoHaiil  discovery 
was  that  the  injection  of  adrenaline,  the  interaal  secretion  of  the  supra- 
renals,  greatly  increased  the  blood  sugar,  provided  the  liver  contained 
glycogen,  and  hence  produced  hyperglycemia  and  glycosuria.  So  that 
the  supra-reual  glands  were  thus  brought  into  relationship  with  tlio 
glycogen  conversion.  The  question  has  now  arisen  whether  the  conver- 
sion of  glycogen  to  glucose  by  stimulation  of  the  splaucbnics,  or  by 
sugar  puncture,  is  due  to  the  direct  effect  of  the  stimulus  on  the  cells 
of  the  liver,  or  whether  it  is  the  indirect  effect  of  stimulation  ot  the 
supra-reual  capsules,  since  these  uer\'es  supply  these  organs  also. 

Further  examination  of  tJtis  problem  has  shown  that  if  the  supra- 
renaU  be  extirpated,  and  rabbits  will  live  for  mouths  without  these 
organs,  stimulation  of  the  8plani>linics  no  longer  causes  a  couvcrsion  of 
g^yoogen  into  glucose.  On  the  other  hand^  the  amount  of  adrenaline  dia- 
cbarged  into  the  blood  is  not  suflUcient  in  itself  to  cause  glycogonolysis. 
MacLeod  is  probably  right  in  his  opinion  that  stimulation  of  the 
aplanchnica  docs  two  things:  it  directly  stimulates  the  liver  celts  to 
convert  glycogen  into  sugar;  aud  it  indirectly  facilitates  this  nsnlt  by 
setting  free  adrenaline,  which  earricd  to  tho  liver  greatly  increases  or 
rc-enforces  tlie  effect  of  the  stimulation,  just  as  it  does  that  of  oilwr  sym- 
pathetic nerves.  Strong  emotion,  either  of  fright  or  auxiwt.v,  causes 
hyperglycemia  and  in  some  human  beings  glucoauria.  By  some  authors 
this  result  is  supposed  to  be  due  to  the  indirect  action  of  adrenaline, 
which  is  known  to  be  discharged  Into  the  blood  in  large  amounts  in 
emotional  excitement.  It  is,  however,  more  probable  that  we  are  dealii^ 
here  with  a  double  action,  the  stimuli  coming  from  the  brain  under 
emotioDal  strain  pass  over  tlie  splanchnic  nerves  in  part  directly  to  the 
liver,  aroDsing  the  cells  to  glycogenolysis,  and  in  part  indirectly  they 
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incrcaao  the  cffleioQcy  of  tbis  Btimulatioo  fay  action  of  the  sapra-reneU, 
causing  a  tUschorge  of  adrcnalino. 

The  transformation  of  glycogen  inlo  glu(!oso  in  the  liver  is  then,  in 
a  comlitiou  of  health,  the  product  of  al  least  two,  and  probably  more, 
factors.  In  the  iirst  place  there  in  the  effect  of  nerve  stimulation  which 
in  some  way  acctulerutui  ihbi  tranKformation ;  and  in  tho  second  place 
tbiii  stimulation  is  rendered  far  more  powerful  by  the  increase  in  the 
adr^uoiine  content  of  the  blood  by  tho  nervous  impulacs  impinging  on 
the  adrenals.  By  the  cooperation  of  these  two  actions  glycogen  is 
changed  over  inlo  glucose  and  byporglyeemia  is  produced.  Indirectly, 
aluo,  eitlier  as  the  rcKult  of  the  hy]jerglyceniia  alone,  or  because  at  the 
same  time  Uie  nerves  guing  to  the  kidney  influence  the  state  of  that  organ, 
there  may  result  an  cmotionut  giyroHuriu. 

The  hyperglycemia  thus  produced  is  undoubtedly  in  the  nature  of 
an  adaptation.  The  object  of  the  mcchauiam  ia  to  supply  to  the  muaclea, 
which  under  normal  circumstances  in  nature  may  be  called  upon  to 
undergo  great  exertions  as  the  animal  flees  or  attacks  or  defends  itself, 
an  abundant  supply  of  glucose  from  wliicli  they  can  sustain  their  energy. 
Experiments  have  clearly  shown  that  in  the  normal  animal  maximal 
contractions  are  made  possible  by  an  inrreaae  in  the  sugar  of  the  blood. 
The  heart,  also,  nourishes  itself  from  tliis  food  and  in  its  presence 
tissues  are  able  to  work  with  less  oxygen  than  in  its  absence. 

Just  as  the  emotions  may  stimulate  glyoogenolyaia,  so  also  does  ex* 
posure  to  the  cold.  If  rabbits  are  simply  cooled,  or  if  dogs  are  cooled 
and  anesthetized,  or  if  human  beings  are  similarly  treated,  hyper- 
glycemia and  discharge  of  glucose  from  the  liver  results.  This  again 
is  in  the  nature  of  an  adaptive  change  since  the  muscles,  the  great 
thermogenic  tissues  of  the  body,  require  the  glucose  for  fuel. 

The  fact  tliat  emotions  or  cooling  have  this  effect  explains  the  nega- 
tive results  of  several  obaen'ers  who  have  attempted  to  increase  the 
glycogen  content  of  the  liver  by  the  direct  injection  of  glucose  inlo  the 
mesenteric  or  other  veins.  Thna  Croftan  got  quite  a  negative  result  in 
BQch  experiments  unless  glucose  was  given  by  the  inteatinc,  whereas 
positive  results  were  obtained  provided  care  was  taken  to  prevent  the 
access  of  stimuli  from  the  nervous  s>'Htem  to  the  liver. 

It  has  been  remarked  that  stimulation  of  the  splanchnic  nerve  causes 
a  change  of  glycogen  to  glucose.  How  is  this  produced  t  Does  the  nerve 
stimulation  in  some  way  set  free  a  glycogenolytic  enzyme  in  tlic  tiame; 
or  docs  it  in  some  otiicr  way,  for  example  by  stimulating  the  active  dis- 
cliargc  of  glucose  from  the  cells,  upset  the  equilibrium  between  glucose 
and  glycogen  and  thus  cause  more  glycogen  to  change  to  glucose  f  Is 
there  in  fact  such  on  equilibrium  T  Tho  samo  question  arises  in  con- 
sidering the  physiology  of  muscle  where  also  following  nerve  stimulation 


TI« 


fBTsnuxxiou* 


Matrmetion  ukei  plwe,  EiaeoM  ia  detfroyed  and  f^-etg^ 
Joft  bow  does  the  dcttv  impolae  acti  Tfaa  qoestien  eaunot  at  pxcaoft 
be  aoawered  defimt^.  MacLged  has  t^wrially  ■ludied  H.  Acv  are 
ataoj  poanbilitiei  besdes  tboae  just  mcntiancd.  Htm  it  nig^  be  t^at 
•Ivqrs  ■  anaU  ?■*"""'  4^  free  gljooeenaae  exists  ia  the  edl.  but  it  is 
preTCftled  bjr  eollaidal  ncnbranea  {ran  Kadunc  Ike  itOwigii  It  augfet 
be  that  the  Dore  trnpoJae  alt«nd  tte  state  oC  these  meatn&ei  so  Oat 
tte  «U7a«  mi^t  get  aeeos  to  the  glTOOceB.  Aaotber  peanbality  it  tbst 
the  fiUTne  is  sodund  losocse  of  tbceoQoMb  of  theedl,  aad  Aeauon 
is  broken  on  atiBuJstiaii.  Or  by  the  nerrt  impolae  an  ozidati^  Aange 
miglit  result  fomung  seid,  Uub  add  then  mifht  set  free  tbe  eaxyTot  fnsa 
its  subsirste  and  enable  it  lo  stuck  the  ^yoogai.  Or  ptAafB 
^yeogeu  is  being  oonstantly  sttseked  by  tiie  ^yoogenaae  and 
tbe  gijeogenaae  being'  alwajrg  present  in  Lbe  cell,  but  ususUjr  the 
thaa  aat  free  ia  si  etwe  rearntbcrized  by  the  vital  setivity  of  the  oeiL 
Tbe  oerre  stitoolua  migbt  act  by  inhibiting  in  some  w«y  thii  ^yvAetie 
s«tinly,  so  Ibst  the  action  of  the  enxynu  proeeeds  oneheeked;  or  it 
miglit  be,  aa  already  suggested,  that  the  ner%'es  simply  sti  moisted  tte 
cclU  to  discharge  or  cecrete  their  gluccse  and  automstiesUy  the  eeOe 
produced  more  to  make  good  the  Iool  MacLeod,  to  studying  this  qoes- 
tioo,  found  that  do  increaae  in  ^ycogenase  could  be  detected  either  in 
the  tissue  or  in  tbe  vein  aa  a  resnlt  of  ocrre  Btimulation.  On  the  other 
hand,  an  increased  alkalinity  of  the  tissue  prevented  tbe  nerve  stimoJa- 
tiou  from  being  effective. 

The  transfonnatioD  of  glycogen  to  glucose  goes  on  rapidly  in  tha 
liver  after  death,  at  least  it  goes  rapidly  in  the  firat.  few  houiSL  Thar*- 
[ler  it  goes  more  slowly.  It  acts  an  if  it  might  tw  a  vital  tnuufofna* 
It  is  natural  to  lopposc  that  this  transformation  is  due  to  an 
cndoedlular  entyme,  of  the  nature  of  amylase,  which  becomes  acttre 
under  the  post-mortem  acidity-  of  the  tissue.  Extracts  of  liver  timM, 
luiwcver,  have  little  more  awylolytic  power  than  thoee  of  tho  Mood 
(Kves;  Dastre) ;  and  Uastru  thought  the  conversion  not  doe  to  an 
enzyme.  The  conversion  is  greatly  accelerated  by  chloroform.  Patoo 
gives  ihc  figures  on  the  next  page  illustrating  the  speed  of  this  eonver- 
aion  of  glycogen  to  glueoac  (dog's  liver}. 

Tho  figures  show  that  tbe  conversion  is  very  rapid  in  Ihe  first  half 
hour  and  thereafter  goes  on  more  slowly.  It  is  also  clear  that  there  la 
practically  no  poat-mohcm  destruction  of  carbohydrate,  or  glycolyns. 
If  the  liver  ia  thoroughly  ground  in  a  mortar,  so  aa  to  destroy  the  ccUs 
as  completely  aa  possible,  the  conversion  goes  on  much  more  slowly,  but 
is  not  completely  stopped.  Chloroform  has  practically  do  influence  on 
nch  a  finely  ground  liver.  This  tranBformation  is  greatly  retarded  or 
stopped  by  an  alkaline  reaction  and  accelerated  by  small  amounts  of 
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acid.  Perhaps  the  slowing  of  the  reaction  is  due  to  the  destruction  of 
tlie  eoeymc,  or  to  the  slowing  of  the  reaction  by  the  development  oC 
Imlkaliuily,  owing  to  ttie  farmatiou  of  ammonia  by  autolyeis. 

Tlmoftficr  dealt) : Two  miiinio  94baar» 

Glycogen    6. S8  grama  O.S5graniR 

Qluroae 'Il-aoe  B.it 

Total  carbotijdmtea   6.88gnuaa  S.M 


[ 

Tvro  mlnnua 

«t  nlnulM 

aKaitnaiM 

TiMoarKTCtMili:  .. 

Willi  ciia. 

CHCl, 

Wlih  OBCI, 

WlUiodI 
tJHCI. 

ClUMBC      ...     -  . 

Total  CArbolivdratoa  . 

L 

7M  grams 

0.S3 

7.32 

fi.QSgntBU 

1.39 

7.67 

tij£3  grami 

0.9S 

7.21 

4.60  grama 

S.53 

7.18 

MS  grama 

l.fI8 

7.S0 

I 


The  infliitnce  of  the  pancreas.  Still  another  factor  in  tiie  control  of 
tliis  transfoncalion  of  glucose  to  glycogen  and  of  glycogen  to  glucose  haa 
twen  (Liscovercd  and  it  is  one  of  the  most  important  factors  in  tJie 
sugar  control.  It  ia  iho  iiaucreatie  gland.  That  this  gland  plays  a 
very  important  part  in  this  as  well  as  other  aspects  of  the  control  of 
the  body  carbohydrate  metabolistu  was  discovered  by  von  Mcring  and 
Miiikowsiu  in  18ti9,  a  discovery  not  leas  prcguant  aud  important  than 
the  discovery  of  glyeotrcji  itself.  Tlicsc  authors  foiuid  that  if  the 
pancreas  be  uouplctdy  exUi'patcd,  hyperglycemia,  glucosurio,  and  the 
complete  loss  of  all  power  to  bum  gluco&e  or  other  carbohydrate  resulted. 
The  animals  showed  all  the  symptoms  of  the  severe  form  of  human 
diabetes  melUlus.  They  emaciated,  were  very  thirsty  and  voracious, 
their  muscles  were  weak,  they  passed  uriue  eoulaiulug  not  only  glucose 
but  also  acetone,  acvtoaceUc  acid  and  /^-bydroxybutyric  acid,  and  they 
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Another  very  interesting  and  signiAcant  fact  was  that  their  vital 
resistance  to  infection  was  enormously  reduced  so  that  it  was  extremely 
difficult  to  avoid  infection  in  the  operation,  or  afterwards,  and  wounds 
healed  slowly.  A  similar  susceptibility  to  blood  poisoning,  boils,  etc., 
in  other  words  to  the  attacks  of  various  streptococci,  is  ahown  by  human 
beings  with  a  diabetic  trait.  The  posKihIc  significance  of  this  fact  in 
considering  the  cause  of  diabetes  should  not  be  overlooked. 

Results  similar  to  these  have  been  obtained  in  all  classes  of  verte- 
brates;   iu    frogs,   selacliians    (dogfish),    birda,    anakos    and    mammals. 
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The  toUl  extirpation  of  the  paQcreaa  is  always  followed  by  death  and 
UBUully  liy  a  loss  of  power  of  buruing  carbobydrates. 

By  Uiis  discovery  the  problem  set  by  Claude  Bernard  which  be 
failed  to  solve,  namely,  the  csperimental  production  of  the  symptoniK 
of  diabetes  melliLus,  was  solved. 

The  resulte  whieh  follow  pancreas  extirpation  arc  not  due,  as  was 
at  first  thought,  to  the  extensive  division  of  the  nerves  and  traumatii 
of  the  sjTDopathetie  ganglia  involved  in  the  operation,  but  must 
ascribed  primarily  to  the  actual  taking  out  of  the  pancreas  tissue.  Tfaia 
wuK  proved  by  Uedon,  who  made  the  following  experiment:  The  abdomen 
of  a  dog  was  opened,  a  portion  of  the  pancreas  was  extirpated  and  the 
branch  of  the  gland,  which  extends  into  the  mesentery',  was  bronght 
to  the  surface  and  fastened  into  a  pouch  made  underneath  tlic  akin 
of  the  abdomen.  The  blood  vessels  and  nci'vcs  of  this  portion  were 
left  intact.  After  several  weeks,  during  whieh  no  glycosuria  appeared. 
Uie  blood  vessels  of  tlie  sktu  cuter  into  union  with  the  vessels  of  the 
gtand  graft  Then  anoUier  operation  was  performed  and  the  grafted 
piece  of  pancreas  was  cut  loose  from  the  stalk  couueetiug  it  with  the 
abdomen.  If  the  operation  hod  been  sacceasful,  if  the  blood  eonncction 
in  the  skin  had  been  established,  no  ffymptoms  of  diabetes  resulted. 
The  juice  secreted  by  this  grafted  piece  might  discharge  outwardly,  or 
make  a  tumor,  but  there  was  no  glueosuria  as  long  as  the  graft  remained. 
Some  lime  later  tJie  gi-aft  was  cither  removed,  or  at  times  it  degenerated, 
and  when  this  happened  glycosuria  began  and  continued  until  shortly 
heCofc  death. 

These  experiments  of  Hedon  'a  were  not  very  numerous  but  they  were 
decisive.  They  showed  clearly  and  conclusively  that  the  nervous  lesions, 
or  eirculatory  disturbances,  of  this  operation  wore  not  the  cause  of  the 
glycosuria.  The  presence  of  tlie  grafted  tissue  even  under  the  skin  was 
suQicient  to  prevent  hyperglycemia  and  to  enable  the  body  to  cany  on 
its  ordinary  carbohydrate  metabolisra.  There  were,  or  seemed  to  be, 
but  two  possible  explanations,  namely,  either  the  jMmcrcas  adds  some- 
thing to  the  blood  or  lympb,  which  is  necessary  for  normal  carbohydrate 
metaholiHm,  or  it  takes  somctliing  out,  which  if  not  r«moved  catise* 
glycosuria.  Most  investigators  preferred  the  Orst  of  these  possibilities 
and  believed  the  pancreas  must  have  an  internal  secretion  even  more 
important  tlian  its  external  and  vitally  necessary  for  the  carbohydrate 
metaholiKm  of  the  body.  But  tha  second  or  detoxication  theory  has  also 
bad  its  advocates. 

This  discovery  of  von  Mcring  and  Minkowski  and  Ucdon  led  to  to 
enormous  amount  of  work  to  prove  the  cxistciico  of  this  internal  OMre- 
tion.  This  work  extended  over  Cwdnly  years  before  a  decisive  result 
was  obtained.    It  was  found,  however,  that  neither  feeding  the  gland 
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itE«l£  nor  injecting  the  gland  cxtrftcts  caused  any  deOnite  and  clear- 
cat  change  in  the  course  of  the  disease  or  of  pancreatic  diabetes.  Tb«re 
were,  it  is  Irue,  many  apparently  sucecsBful  experiments  indicating  that 
pouereatiti  detracts  uiiglit  havtj  Komo  temporary  or  trifling  action  in 
reducing  the  glycosuria;  but  other  observers  either  lailed  to  get  any 
action  at  all,  or  tlw  glyooBuria  might  even  bo  increased  by  feeding  pan- 
creatic tissue  to  depauL-realiix-d  tlags  or  to  humau  beings  with  tlie  severe 
form  oX  the  diKCUAC.  Tliv  uasu  with  whicli  a  tviu[Kirary  relaxation  of 
glycoeuria  might  be  produced  was  a  apeeial  cause  of  error.  In  many 
instances,  indeed,  feeding  pancreas  after  pancreal«etomy  so  far  from 
diminishing  eeemcd  really  to  increase  the  glycosuria.  It  appeared  in 
1910-19n  that  if  the  pancreas  had  any  inlernal  secretion  it  did  not 
accumulate,  or  was  not  stored  in  the  gland  as  are  aLt  the  other  internal 
secretiwim  known,  ajui  investigators  began  to  turn  to  tiit.-  study  of  other 
poHftibiliticti  Hudi  ua  tUc  detoxitruliou  tht^sry,  bi'^licviiig  Lbut  the  iutcrnal- 
fieurction  theory  muHt  be  wroug.  Within  the  pOHt  two  years,  however, 
more  favorabki  rcaulta  huv<s  been  obtained.  Thv  uiost  dcciaive  experi- 
ments ore  those  of  Starling  and  KiiowUon  made  with  on  acid  extract  of 
tliQ  pancreas.  Thoir  results  in  tlie  following  flgurus  sliow  that  the  addiv 
tion  of  a  ueulralizud  acid  deeoi-tion  of  the  paneruan  to  diabetic  blood 
which  is  being  perfused  thi-ougli  the  Ueai-t  taken  from  a  depaucreatized 
dog  causes  thi:  heart  to  beat  much  stronger  and  to  consume  glucose 
added  to  Uie  blood.  The  voiisumpliun  of  the  glucoHc  before  the  addition 
of  the  pantTfMUi  ua^tract,  had  bi^n  reduced  to  the  vanishing  point. 

DiAitmo  HKAar  rr:i>  'n-irft  DiAiif^Tic  Dixxio. 

{Sugar  consumption  in  mg.  per  gram  heart  tniiaclc  per  hour.) 

Finn  haui  Willi  Seconal  liaur  «ri«r 

bliH>4  alcioo  addlUuDuf  pKuctwUe  uitract 
1.6  i^ 

0.S  3J) 

0.fi  S.« 

The  normal  heart  of  the  dog  when  fed  on  normal  blood  under  these 
cireumslanecH  eotimimes  pE^r  hour  per  gram  of  heart  muscle  3.5-5  mgs. 
of  dextrose.  It  ix  clear  fi*om  these  experiments  that  the  diabetic  heart 
fed  witli  diabetic  blood  has  lost  its  power  of  burning  glucose  to  a  very 
considcrabli:  di^grre,  and  that  tlie  addition  of  the  pancreas  decoction 
has  restored  this  power. 

More  recent  experiments  have  indicated  that  the  respiratory  iiuoUeut 
of  the  diabetic  heart  is  not  always  changed  by  the  addition  of  pan- 
ereatie  extract  as  one  would  expect  if  the  heart  rcjtlly  had  acquired 
the  power  of  decomposing  glucose.  Moreover  both  alkalies  and  adren- 
aline are  said  to  have  an  ti^iuidly  bi'.npfieial  effect.  It  was  not  shown  in 
the  cxperimcnLs  lliut  the  glucose  had  been  actually  burned.     It  might 
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have  beeQ  coHTertcd  to  glycogcu.  Id  view  of  these  considerations  it  is 
«till  doabtful  whether  the  results  obtained  really  show  the  existence  of 
an  internal  secretion. 

These  experiments  and  oUiers  iudiiiale,  however,  that  normal  blouii 
hag  in  it  a  very  small  amount  of  n  siibstauee  which  enables  glucose  to 
be  burned ;  this  substance  is  derived  from  tlie  pancreas.  It  is  its  internal 
aecretiou.  If  to  an  cistraut  of  musdc  juice  pancreatic  extract  is  added, 
Cohnheim  found  the  glycolytic  power  increased,  but  McGuigan  and 
otbers  have  been  unable  to  confirm  these  observations  and  Cohnheim 
himself  in  repeating  them  generally  bad  negative  results.  Evidently 
some  accidental  circunustance  in  a  few  caAes  caused  a  greater  disappear- 
ance of  the  sugar.  The  manner  in  wliieb  the  extract  acts  is  quite  ob- 
seore.  It  may  be  that  in  tlie  experiments  cited  tbe  muscle,  instead  of 
deatroying  the  sugar,  may  have  converted  it  into  maltose.  The  internal 
secretion  might  act  by  changing  the  penueubility  of  the  muscle  mem- 
branes or  by  combining  n-ith  glucose,  acting  as  a  between  or  intermediate 
body  by  which  it  is  anchored  to  the  protoplasm;  or  it  might  be  the  raw 
material  from  vbich  tbe  glycolytic  substance  of  the  muscle  is  made. 
Since  a  decomposition  of  the  sugar  almost  certainly  precedes  its  com- 
bustion, the  muscle  has  probably  Itist  not  tlie  power  of  burning  the 
decomposition  products,  hut  rather  tlie  power  of  decomposition  itself. 

The  internal  secretion  of  the  pancreas,  like  tliat  of  the  supra-renala, 
is  either  rapidly  eliminated  or  d»--stroyed  in  the  blood.  It  may  posdbly 
be  a  basic  body  very  unstable  in  a  free  form,  but  more  stable  as  a  salt, 
Ai  any  rate  blood  contains  no  great  amount  of  it  and  it  quickly  dis- 
appeai'S  when  the  pancreas  is  eliminated.  It  is  uot  Impossible  that  it 
is  normally  destroyed  or  eliminated  by  the  kidney,  as  is  adrenaline,  and 
one  of  tlie  causes  of  human  diabetes  may  be  that  the  deslniction  or 
elimination  of  this  body  may  at  times  be  greater  than  its  rate  of  forma- 
tion, so  that  a  partial  or  total  loss  of  combustive  power  ensues. 

This  internal  secretion  of  the  pancreas  plays  a  part  also  in  the  con- 
trol of  tlic  glycogenic  function  of  the  liver.  la  the  absence  of  the  pan- 
creas, although  the  blood  contains  two  lo  three  times  its  normal  supply 
of  glucose,  Uic  liver  forma  vcrj-  little  glycogen.  If,  however,  the  liver 
be  perfused  with  blood  containing  glucose,  or  if  glucose  is  injected  di- 
rectly into  the  circulation,  it  stores  more  glycogen  if  at  the  same  time 
there  is  added  lo  the  blood  an  extract  of  the  panereoa.  How  this 
extract  acts,  however,  is  still  quite  uncertain.  It  may  be  acting  on  the 
ends  of  the  s.vmpathettc  nerves  reducing  or  counterbalancing  the  action 
of  adrenaline,  or  it  may  be  acting  directly  on  the  liver  cells  tliemsclvea. 
It  will,  no  doubt,  seem  peculiar,  at  iintt  glance,  that  llio  body  should  still 
be  able  to  form  small  amounts  of  glycogen  even  whnn  the  further  o.vida- 
tion  of  glucose  ia  impossible.    The  probable  reason  for  this  is  suggested. 
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l>y  tiie  cxperinjents  of  Ijobry  de  Bruyn  and  also  of  Nef.  For  the  com- 
plete oxidation  of  the  glucose  molecule  a  more  extensive  decomposition 
of  the  molecule  is  necessary  than  for  the  synthesis  of  the  monosacchandcti 
to  the  diaaccharides.  For  the  latter  it  is  only  necossfiry  to  produce  a 
rearrangement  of  the  last  two  carbon  atoms  of  tlie  chain;  for  the  do- 
composition  it  i«  necessary  to  break  the  chain  also.  If,  for  example, 
sugars  are  put  into  very  weak  alkali,  sueh  as  milk  of  lime,  syuMimiH  into 
disaccharides  and  mutual  transformations  of  one  sugar  into  another 
occurs,  but  the  molecules  do  not  break  into  frafimenta;  it  is  only  in  tJia 
presence  of  stronger  alkali  tliat  the  decoinpa-iition  of  the  molecule  takes 
place  (sue  page  31).  The  <liah(>llu  body,  tlien,  scemn  able  to  produce 
the  cosiest  transformation  of  the  carbohydrate,  namely,  that  involved 
in  the  transformation  of  one  kind  of  sng&r  into  another,  levulose  into 
glncoso,  for  example,  or  the  synthesis  of  the  monosaccharides  in  part  to 
glycogen,  although  it  has  lost  the  power  of  breaking  the  molecule  far 
enough  to  oxidize  it. 

Recently  some  reKtilt«  have  been  obtained,  by  Bakin  which  may 
ultimately  throw  light  on  the  relation  of  the  pancreas  to  sugar  metab- 
olism. Dakin  has  found  that  nearly  all  tisHijca  of  the  body,  i.e.,  liver, 
thymus,  thyroid,  suprarenal,  pituitary,  kidney,  spleen,  heart  muscle, 
skeletal  muscle,  lung,  brain,  etc.,  contain  an  enzyme  known  as  "  glyoxa- 
Ibse."  This  enxyme  has  the  property  of  converting  a  simple  or  substi- 
tuted glyoxaUleliyde  into  the  (."orresponding  glycollio  acid. 

R.  CO.  CHO  +  H^O  =  R-  CHOn.COOH 
QlyoxiLl.  (rljoollic  ac[(L 

:Tery  suggestive  fact  that  the  pam-rens  is  the  only  organ,  except 
jph  glands,  which  locks  this  onzj-me,  and  in  the  pancreas  alone 
is  found  a  thermolabile  substant^e,  which  autagoDi7,e«  Ibe  glyoxalase,  an 
antiglyoxalase.  This  anttglyosalase  ift  not  found  in  the  blood,  it  ocrnrs 
in  small  amounts  in  the  external  secretion  of  the  pancreas  and  probably. 
Dakin  thinks,  may  he  secreted  internally.  Whether  this  be  the  ease  or 
no,  the  formation  of  antiglyoxalaiM!  appears  to  be  a  specific  function 
of  the  pancreas.  (Another  very  interesting  fact  is  that  these  glyoxals 
will  be  transformed  into  amino,  aa  well  as  hydroxy-acids.  when  perfused 
through  the  liver  {Dakin  and  Dudley)).  While  the  relation  of  iJicse 
results  to  the  carbohydrate  metabolism  is  still  obscure,  we  have  at  any 
rate  for  the  first  time  a  specific  chemical  properly  of  the  panrrca.s  ob- 
viously elosely  related  to  earhnhydrate  metabolism. 

Internal  sfcretton.  Where  produced  in  the  pancreas.  There  are  at 
least  two  distinct  kinds  of  cells  in  nearly  all  glands,  namely,  the  secret- 
ing cells  of  the  acini  and  the  cells  of  the  ducts.  These  cells  eWdently 
differ  in  their  chemical  nature  and  their  physiological  function,  but 


•ds 


FHYSIOLOOICAL  COEUISTBy 


practically  nothinR  is  known  in  any  Rland  of  the  funotions  of  the  due 
tissue  beyond  its  fmiditm  of  condnnting  thy  siTretioii.  Wc  do  uol 
know  in  the  pancreas  whether  all  the  digostivD  Amtyines  are  secreted  by 
the  acinar>'  i«lls  or  whether  some  are  se^^retcd  by  the  diict  c«Us.  It  is 
known  that  the  secn:tion  obtained  by  the  injection  of  acid  in  the  duo- 
dennm  often  differs  markedly  in  composition  from  that  prodnced  by 
secretin;  but  whether  thrae  two  come  from  the  same  or  different  tiiiinicit 


Pto.  M. — tslcla  il  lAiit:«rliau>  In  ilie  sulnn-pic  piocnw.  Tb*  Itl«l5  are  lli«  iJnHi 
evil  tniinai  iltiic>i<><l  10  (lie  ductulnt  which  irraw  out  or  il><  iKmr  dacU.  Thi  aclonry 
Vma»  hu  <lci{«Dcistc>l  oi  a  rcsuU  or  tilocUos  ll>«  diHrU  (D^ialey). 

of  the  gtand  is  unknown.  There  liave  also  been  doBcribed  in  the  pancreas 
small  clamps,  or  fironps  of  cells  which  diflfer  in  their  staining  rcactiona 
and  appearan(M>  fn>m  the  aeinnry  ccIIk,  hut  are  in  connection  with  the 
ducts.  These  are  known  as  the  Istets  of  fMHgerhanit.  Until  very  re- 
oently  no  methods  were  known  for  the  certain  identifluation  of  tsIeC 
tiflsue,  but  not  long  ago  Bcnsley  found  that  in  the  jruinea  pig  they 
stain  more  readily  in  neutral  red.  injected  intra  vitam,  than  do  the 
acinary  cells.  Here  and  there,  however,  outside  the  islets  pro7>cr,  similar 
cells  are  to  be  seen.  According  lo  Ben.<i1cy  ligation  of  the  dnct  of  the 
pancreas  in  the  guinea  pig  leads  to  the  destruction  of  the  acinary  tissue, 
while  the  much  bmnching  durt  tissue  with  the  iftlels  as  raasscs  of  dnct 
colls  at  the  eiitremities  of  the  outgrowths  of  the  ducts  remain.  St>e 
Figure  63. 

It  was  Bernard  who  first  succeeded  in  sliowing  the  difference  in 
reaction,  and  function  of  the  dnct  and  the  acinary  cells.    He  found  la 


Ai 


TBK    M£TAB0L1SU   OF   THE    BODY 


TM 


Ldogs  that  injection  of  the  ducts  with  a  fat  of  high  meltiag  point,  solid 
Kt  the  temperature  of  the  body,  produecd  a  complete  atj-ophy  of  the 
;  acinary  cells,  whereas  the  ducts  remained  intact, ' '  liko  a  tree  which  had 
•lest  its  leaves."     If  such  dogs  developed  diabetes  Bernard  did  not 
^observe  it.    If  they  did  not,  this  experiment  shows  very  clearly  that  duct 
ic  alone  is  sufficient  to  preserve  the  life  of  the  auimal  in  the  absence 
le  aciiiary  cells. 
Some  years  ago  Opic  reported  that  in  many  cases  of  diabetes  lesions 
'  were  «pp»r(:nt  only  in  the  islands  of  Langcrhans.    He,  accordingly,  sug- 
I  gcatcd  that  the  intemiii  secretion  of  the  pancreas  was  due  to  tlic  islets 
and  not  to  tlic  acinary  cells.    Unfortunately  for  this  theory  many  cases 
tof  diabetes  show  lesions  in  neither  tissue.    The  opinion  has,  however, 
[become  widespread  Ihat  the  internal  secretion  is  due  exclusively  to  the 
^islets.    The  evidence  for  this  is  still  very  doubtfni.    Both  in  Bunsley's 
pigs  and  in  Bernard's  dogs  there  is  no  suggestion  of  diabetes, 
docs  not  show  that  the  acinary  cells  form  no  internal  secretion,  but 
I  only  that  the  duct  tissue,  including  the  islets.  Is  alone  sufficient  to  main- 
lain  life.     Possibly  both  tissues  form  the  secretion.     The  contrary  ex- 
periment of  the  dcstruutiou  of  the  duct  and  the  aurvival  of  the  acinary 
tissue  has  not  been,  and  Eecmiugly  cannot  be,  tried.    We  cannot  at 
present  say,  therefore,  wlieiber  the  internal  secretion  of  tlie  pancreas  is 
due  to  the  duct  cells  and  the  islet  tissue  alone,  or  whether  the  acinary 
tissue  also  contributes  to  it.     The  categorical  statement  often  Ecen  in 
test-books  and  papers  that  the  internal  secretion  is  supplied  by  the 
cells  of  Langerhans  is  entirely  unjustified. 

Cause  of  diabetes.    Finally  what  is  the  cause  of  diabetes  in  human 
beings T     Nothing  is  known  of  this  whatsoever.     Tlie  facts  just  stated 
lead  pathologists  generally  to  attribute  the  disease  often  to  a  lesion  in 
the  islets  of  Langerhans  in  the  pancreas.     Whether  all  diabetes  have  this 
is  not  certain.    Nothing  is  known  of  the  cause  of  the  Irsion  if  any 
leh  exists.     Whether  it  is  due  to  the  absorption  of  a  poison  from  the 
intestine,  as  some  have  thought,  or  whether  it  is  due  to  a  bacterinm  or 
other  )>arasite,  has  been  very  little  investigated  and  so  far  without  result. 
Attention  has  been  focused  entirely  ou  the  symptoms  of  disturbed  metab- 
^oliam  which  accompany  this  disease,  rather  than  on  a  search  for  the 
real  cause.    The  fact  that  diabetics  generally  show  such  a  lowered  resist- 
ance (o  the  attaeks  of  the  streptocoeei  of  blood  poisoning  arouses  the  sus- 
[picion  that  the  trouble  might  be  duo  to  an  infection  of  the  islets  by 
this  organism  which  thus  produces  diabetes,  just  as  it  produces  inflam- 
mation of  the  valves  of  the  heart  when  it  strikes  them,  or  of  the  kid- 
jneys  when  it  is  located  in  those  organs.    Perhaps  a  strain  of  this  pro- 
tean organism  will  he-  found  which  will  act  on,  or  show  a  si>eclfio  affinity 
for,  the  islets.    At  any  rate  the  search  for  the  caase  of  this  disease. 
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rather  Uiau  a  search  for  a  method  of  alleriating  its  symptotDs,  would 
appear  to  be  the  part  of  wisdom. 

Summary  of  the  role  of  the  liver  m  carbohydrate  metabolism.  W« 
may  now  summarize  the  r&le  of  the  liver  iq  carboliydrate  metabolism  of 
the  body.  Carbohydrate  food  after  digestioD  finds  its  way  into  the 
blood,  where  it  is  to  he  found  in  amall  amounts:  0.1-0.3  per  cent,  in  the 
blood  of  Uie  portal  voiu.  The  sugar  thus  circulaliug  iu  the  blood  is  free;. 
It  is  diffusible  and  may  be  removed  from  the  blood  by  the  process  of 
vividiffu»ion.  The  portal  blood  at  the  same  time  carries,  also,  any 
metabolic  products  or  intemal  secretions  of  the  spleen,  pancreas,  and 
intestine.  Brought  thua  to  the  liver,  this  orgau  during  digestiou,  when 
it  is  supplied  with  mueh  oxygini,  pitrlut  out  friim  llie  blood  Bome  of  the 
glucose,  levulose  and  galat-to^te  pasKing  through  it  and  converts  tliese 
into  a  colloidal  polysaccharide,  glycogen,  which  is  laid  down  in  such 
quantities  in  tlie  liver  tissue  that  on  a  rich  carholo'drntc  diet  the  liver 
may  contain  12-15  per  cent,  of  glycogen. 

The  liver  acts,  thus,  in  the  first  instance,  as  a  storehouse,  or  reserve 
depot  of  caTbohydratcs,  in  which  surplus  carbohydrate  ts  stored  until 
it  w  needed  by  the  other  tiajues.  It  functions,  tlien,  in  this  particular 
like  the  fat  tis.iue  which  stores  ttiiperflnnus  fat. 

Between  meals,  on  the  other  hand,  when  no  glucose  is  arriving  from 
the  intestine,  this  stored  glycogen  is  called  upon  and  more  or  less  com- 
pletely  consumed;  the  liver  of  a  fa-sting  animal  containing  much  less 
glycogen  than  that  of  a  well-fed  animal. 

This  couversion  of  glucose  into  glycogen  and  of  glycogen  into  glu- 
cose depends  on  various  factors.  If  the  glucose  in  the  blood  sorpiuaM 
O.l  per  cent.,  if  the  liver  is  well  supplied  with  oxygenated  blood,  and 
with  the  intemal  seerotion  of  the  pancT*>ns,  the  conversion  of  g1neo«e 
to  glycogen  is  at  least  as  rapid  as  that  of  glycogen  to  glucose  and  no 
diminution  of  glycogen  occurs.  Tf,  however,  the  content  of  glucose  in 
the  blood  coming  to  the  liver  falls  below  0.1  per  cent>,  or  if  oxygen 
supply  is  reduced ;  or  if  impulses  come  into  the  liver  over  the  splanchnic 
ncr%'es;  and  particularly  if  there  is  at  (he  same  time  an  abundance  of 
adrenaline  in  the  blood  due  to  the  excitation  of  the  supra-renal  glands 
by  the  splanchnic  nerves  following  emotional  or  other  excitement,  then 
glycogen  is  converted  into  glucose  and  this  will  take  place  even  though 
the  amount  of  glucose  in  the  blood  is  already  above  the  normal  and 
as  much  as  0.2-0.3  per  cenL  It  is  imeertain  how  this  glycogen  is 
converted  into  glucose,  but  it  is  probably  due  to  an  endocellular 
glycogenaae.  Whether  stimulation  of  the  ncn-c  causes  an  increase  of 
glycogenolysis,  or  a  decrease  of  conversion  of  glucose  to  glycogen,  it  h 
aa  yet  impossible  to  say,  but  there  seems  to  be  no  doubt  that  normally 
nerve  stimulation  is  re-enforced  by  the  concomitant  stimnlatioa  of  the 


supra-renals,  causing  them  to  tlirow  into  the  blood  an  increased  amount 
of  adrenaline.  There  i£  no  evidence  of  the  setting  free  of  glycogenasG 
during  the  stimulation. 

The  liver  is  not  the  only  Btorchouso  of  glyeogon.  The  masclcs  con- 
tain an  amouDi  little,  if  any  less,  than  that  of  the  liver,  and  even  in 
tie  absence  of  tlie  {glycogenic  fnnetion  of  Ihe  liver,  as,  for  example, 
when  an  Et-k  fistula  is  made,  tJie  eating  of  carbohydrate  food  seems  no 
more  liable  than  usual  to  produce  ghicosuria,  nor  doca  there  seem  to 
be  any  rcdnrtion  in  liie  sugar  toleranre  of  the  organunn.  This  fact 
hns  not  yet  been  cx{-bitDcd,  but  it  is  probably  to  be  ascribed  to  two  or 
three  circumstanees.  One  is  the  storage  power  of  the  muscles ;  anotlier 
is  that  possibly  the  liver,  after  the  Eck  fistula  is  made  when  its  cells 
are  gnmtly  altered  in  their  appearance  and  uixe  and  probably  in  fuuv- 
tion,  is  no  tangHr  able  to  form  glncoeie  from  protein  so  that  Ibc  pro- 
duction of  ghu'OKe  iti  the  animal  itself  is  reduced;  and  finally  the  nutri- 
tion of  animals  with  the  Eck  fistula  is  oft«n  poor  and  possibly  there  is 
less  complete  absorption  of  carbohydrate  and  other  foods. 

But  the  liver  is  not  only  a  magasine  of  carbohydrate;  it  is  also  a 
factory  where  proteins,  amino-acids,  glycerol,  ^acUc  and  pyruvic  acida, 
dioxyacetone  and  other  substances  are  converted  into  dextrose.  Many, 
if  not  all,  of  these  HjnthcjieR  involve  oxidations  and  for  their  aecom- 
pliahment  the  liver  ni\int  have  a  supply  of  oxygenated  blood.  In  some 
of  the.se  syntheses  ammonia  is  split  off  and  replaced  by  oxygen.  This 
ammonia  sen-es  a  double  purpose:  in  part  by  its  alkalinity  it  reduces 
acidity  and  hence  cheeks  glycogenolysis ;  In  part  it  is  changed  to  urea,  a 
substance  of  importance  in  the  maintenance  of  the  activity  of  other 
organs;  i.e.,  the  lieari.  By  this  synthetic  power  of  the  liver  not  only  is 
the  body  able  to  form  dextrose  from  protein  and  other  foods,  being  able 
indeed  to  live  on  protein  alone,  but  many  of  the  partially  oxidized 
metabolic  prwlucts  of  other  tissues,  suoh  n»  lactic  acid,  are  saved  and 
resynthpsized  into  glucose  to  be  used  over  again.  The  liver  in  this  re- 
spect works  over  waste  products. 

Finally  the  liver  ia  not  only  a  producer  and  storer  of  dextrose;  it  is 
also  a  consumer.  Like  all  cells  and  tissues  of  the  body  it  has  the  power 
of  consuming  carbohydrate.  It  respires  and  bums  some  of  thia  car- 
bohydrate, though  how  much  it  is  impossible  to  say.  Not  all  pyruvic 
aldehyde  or  aciil  is  converted  info  dexlrose,  but  a  part  at  least  is  oxi- 
dized, burned  to  carbon  dioxide  and  water;  a  part  may,  by  reduction,  be 
reunited  with  ammonia  to  form  some  of  the  simpler  amtno-acids,  so 
that  the  reverse  process  of  protein  synthesis  can  also  occur.  In  the 
bird's  liver  some  of  the  products  of  carbohydrate  deatmction  are  used 
in  synthesizing  uric  acid ;  and  in  the  mnnunalian  liver  we  have  a  forma- 
tjoD  of  glycuronie  acid  so  important  as  a  means  of  ncutraliuug  poieona. 
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No  doubt,  also,  a  ready  traosformatioD  to  £at  occurs.  But  wc  have  as 
yet  a  ino«t  imperfect  picture  of  the  chcmie&l  transformations  occurring 
in  this  most  important  glandular  oi'fcnn. 

But  while  we  picLuro  the  liver  a£  acting  thus  as  a  storehouse  for 
glycogen  with  which  it  parts  when  glycogen  is  needed  by  the  other 
tissues,  there  are  reasons  wliich  make  it  probal>lti  that  gl^'cogen  is  stored 
in  the  liver  primarily  for  the  benefit  of  the  liver  itself,  flhieoisc  has  a 
very  particular  relntioosliip  to  anaerobic  respiration.  It  Ik  already  par- 
tially oxidized  and  it  can  furnish  cncno'  for  various  decompositions  and 
activities  of  tbo  body,  being  itself  reduced  to  alcohols  and  fatty  acids 
at  the  same  time.  All  tissuea  live  very  much  longer  without  oxygen,  if 
they  are  supplied  with  glucose.  The  liver  is  peculiar  in  that  it  must 
carry  on  its  activities  while  its  blood  supply  is  very  largely  venous  in 
oliaraoter.  It  must  be  always  ut-'arer  asphyxia  than  mml  of  the  tissues 
of  the  body.  There  can  hardly  be  a  doubt  that  Iho  primary  object  of 
this  stored  supply  of  glycogen  in  the  liver  ts  ixt  enable  the  liver  to  func- 
tion properly  in  th$  prescnee  of  very  little  oxygen.  It  is  found,  indeed, 
tJiat  the  liver  in  the  absence  of  glycogen  is  far  more  liable  to  nocroas 
than  when  it  is  present.  Particularly  in  chloroform  anesthesia  such 
necrosis  is  apt  to  occur  and  it  shon's  itself  first  in  Oie  center  of  the 
lobules  where,  presumably,  tlie  oxygen  need  is  greateiit  (Graham). 
This  necrosis  is  very  much  less  apt  to  oceur  if  an  animal  bus  been  welt 
fed  on  carbtdjydrate  before  being  anesthetized,  ft  is  poHHiblc  that  the 
giving  to  patJcntK  about  1x>  undergo  operation  considerable  amounts  of 
carbohydrate  so  as  to  load  the  carbohydrate  reservoirs  of  the  body  wo\ild 
be  a  wise  precaution,  provided  other  unlooked-for  resnlts  do  not  de- 
velop. If  glycogen  is  discharged  from  the  liver  by  adn-naline,  centra! 
necrosis  also  occurs.  (Figure  61,  page  669.)  The  liver  then  slorm 
glycogen  not  only  that  that  glycogen  may  later  be  available  for  the 
otlier  tissues  of  the  body,  but  probably  beruuse  glycogen  is  veiy  necea* 
aarj'  to  its  own  safety  in  time  of  stress  and  oxygen  want. 

Tke  fvrihfr  fate  of  glucose.  The  liver  supplies  gturose  to  the  blood. 
What  thfn  is  Uie  ultimate  fate  of  this  glucose!  The  tissues  which  con- 
sume most  of  the  carbohydrates  are  undoubtedly  the  muscles,  because  of 
their  bulk;  if  for  no  other  reason,  tliis  would  he  the  ea»e.  They  make 
about  SO  per  cent,  of  tlie  weight  of  the  body.  They  are  always  in 
Activity  and  tliey  produce  much  heat.  The  muM'Ira  contain  a  consider- 
able quantity  of  glyeognn.  Indeed  the  glyrocen  may  persist  in  the 
muscles  after  it  has  disappeared  from  the  Hver.  That  glycogen  disap- 
pears from  a  muscle,  or  is  consumed  during  muscle  contraction,  is  shown 
by  the  determination  of  the  glycogen  content  of  muscle  before  and 
after  prolonged  tetanus,  as  shon-u  by  the  figures  on  page  619. 

Moreover  that  some  non-nittwgcnous  substance  furnishes  the  energy 
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for  muscular  work  is  shown  by  tho  fact  that  phTaieal  work  docs  not 
iucreasc  tlic  nitrogeu  outgo  of  tliv  body,  but  only  that  of  i^urbon  dioxide 
apd  water.  Wc  may,  therefore,  couclude  that  tlio  eag&r  thus  cirAulatinfc 
in  the  blood  is  picked  out  by  the  muscles,  which  store  it  as  glycogen, 
depoeiting  it  in  tlieir  tissue,  and  that  it  is  oxidized  to  earbon  dioxide  and 
water  or  to  lactic  acid  during  luuscle  work.  The  miiacles  are  the  great 
carbohydrate-commming  tisKiitn  of  the  body. 

The  queiition  now  arises  concerning  the  comnimption  of  dextrose  by 
tho  mugcrlo.  How  is  the  sugar  consumed!  Is  it  oxidized  dirertly  ns 
glucose  (  Or  is  it  docomposed  first  into  simpler  substances  which  then 
undergo  oxidatioat  Uo  tlio  muscles  burn  glucose  by  theioselves  or  do 
tJiey  need  the  assistance  at  other  tissues  or  glandular  organsf  Poee  this 
power  of  destnietion  depend  on  the  vitatity,  Rtnietural  integrity  of  the 
muscle,  or  does  it  occur  also  in  hashed  muscle  7  Is  it  due  to  an  enzyme 
which  is  found  in  the  muscle,  or  is  it  a  vital  proePKR,  that  is  one  involving 
the  structural  Jntegi-ity  of  the  cell  t  Is  the  glucose  burned  in  the  muscle 
sap  or  mu^t  it  first  be  broken  and  then  built  into  the  living  tissue  itself  t 
How  are  we  to  explain  the  explo»ve  decomposition  which  occurs  when 
a  ner^'e  impuLw  sets  up  a  muscular  contraction  7  These  and  many  other 
questions  press  at  once  for  solution,  bat  to  only  a  few  of  them,  can 
we  give  a  complete  answer. 

Conditions  of  sugar  burning  in  muscle.  The  same  fartora  which  an* 
active  in  the  sugar  metabolism  of  the  liver  play  a  rdle  here  in  the 
metabolism  of  muscle.  "We  may  consider  first  the  question  whether 
the  muscle  is  able  to  bum  sugar  brought  to  it  from  the  exterior  by  itself, 
or  only  when  it  is  assisted  by  the  co-operation  of  other  organs.  To  this 
question  a  definite  answer  may  be  given.  The  muscle  cannot  utilize 
extrinsic  glucose  as  food  and  as  a  source  of  Gnerg>'  except  in  tlie  pres- 
ence of  t-he  pani'fcas.  If  the  pancreas  be  completely  extirpated  in  any 
vertebrate  so  far  studied,  the  power  of  consuming  glucose  is  com- 
pletely lost  by  all  the  tissues  of  the  body.  If  a  portion  of  the  gland  be 
left  in  the  body,  the  power  of  sugar  consumption  persists  more  or 
less  completely.  If  glucose  or  glucose -producing  food  is  given  to  a  de- 
pancreatized  animal  it  appears  in  the  urine  practically  quantitatively. 

But  after  pancreatectomy  not  only  is  ingested  glucose  completely 
eliminated,  but  also  alt  that  glucose  normally  produced  in  the  body  from 
protein  is  excreted  bIho.  It  thus  happens  that  even  on  a  carbohydrate- 
free  diet  the  excretion  of  glucose  continues.  It  is  as  if  the  body  were 
turning  to  sugar. 

There  are  two  aspects  of  this  failure  of  the  rausclps  and  other  tissues 
of  the  body  to  bum  carbohydrate  in  the  absence  of  the  pancreas,  which 
are  truly  remarkable.  The  power  of  burning  cjirbohydrotc  and  in 
particular  the  power  of  burning  or  fermenting  ghicoac  is  practically 
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anivcrsft].  All  kiiuls  of  plftnbi,  probably  all  plantfi,  indiiding  tho  bac- 
teria, bovo  U»is  power.  Glucose  is  found  iu  all  the  invcrUbrateB  in  one 
forui  or  another.  Now  it  certainly  is  au  almost  incrodible  fact  Uiat  tiiis 
fimdameutal  property  of  living  matter  should,  in  the  vertebrate  organ- 
ism,  b«  so  completely  lo«it,  that  no  glucose  at  all  should  be  burned  in  the 
absence  of  the  pancreait.  That  tlie  organs  sho\il<l  have  come  to  lean  on 
the  assistiince  of  Iho  poncrca-s  would  not  be  surprising,  but  that  they 
should  havo  totally  lost  one  of  tho  mont  fundamental  properties  of 
living  matter  so  that  they  can  only  exist  In  the  presence  of  the  pancreas 
is  so  astounding  aa  to  arouse  the  greatest  suspicion  of  the  truth  of 
the  conclusion.  It  appears  from  the  facts,  however,  that  there  is  no 
escape  from  this  conclusion,  however  unlikely  it  may  appear. 

The  otJier  aspect  of  the  affair  which  is  of  great  interest  is  tliis. 
Sugar  is  constsntty  being  made  in  the  diabetic  organistn.  Tndeed,  the 
power  of  sugar  formation  is  certainly  not  diminished  and  many  have 
thought  that  it  is  stimulated  in  the  diabetic  organism.  This  glucose  may 
be  made  out  of  all  the  substances  fi'om  which  it  is  made  in  the  normal 
organism,  from  alanine  and  other  amino-aoids,  from  glycolaldchyde  and 
other  very  simple  substances.  Now  if  tho  failure  to  burn  dextrose  is 
due  to  tJie  fact  that  the  molecule  can  no  longer  be  fragmented,  as  is 
generally  a.s.sumed  at  the  present  time,  then  wo  should  expect  the  frag- 
ments to  burn  as  well  as  ever  if  these  fragments  were  fed.  No  one  has 
been  able  to  discover  any  such  fragments  of  the  dextrose  molecule,  which 
can  be  buiTied  by  the  diabetic  organism  when  the  power  of  burning 
glucose  is  lost.  Of  course  there  may  be  fragments  which  are  normally 
burned  and  wliich  will  be  found  in  the  future.  But  it  certainly  is  sin- 
gular that  all  the  search  for  .such  combustible  fragments  is  still  unsac- 
ecssful  in  spite  of  the  considerable  number  which  have  beon  tried. 
Furthermore  it  is  clear  that  if  the  hypothesis  is  correct  that  the  failnre 
of  the  tissues  to  bum  the  molecule  is  due  to  the  fact  that  the  pre- 
liminary fragmentation  is  wanting,  these  combustible  fragments  cannot 
be  any  of  those  from  which  the  carbohydrates  are  formed.  In  other 
words,  the  molecule  must  break  down  in  its  fragmentation  into  sub- 
stances of  another  kind  than  are  used  in  the  synthesis.  For  example, 
since  the  diabetic  organism  will  carry  lactic  acid  into  sugar  and  not 
burn  it,  it  is  clear  that  the  corabustive  decomposition  of  the  carbohy- 
drates is  not  through  lactic  acid,  if  the  theory  as  to  the  resson  of 
non-combustioD  is  correct.  It  might  perhaps  be  worth  while  to  re* 
examine  with  great  care  the  evidence  upon  which  the  conclusion  is  based 
tliat  no  sugar  ta  burned  in  the  diabetic  organism  to  see  whether  Uiis 
view  is  correct.  It  might  bo  that  the  sugar  formation  was  stimulated 
to  such  an  extent  that  all  that  could  be  burned  was  being  burned.  Any 
eicns  accordingly  appears  in  tho  uTin«,    In  other  words,  pcrbAps  the 
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sugar-burning  powers  of  the  body  of  the  diabetic  are  aireatty  at  a 
maximum  without  the  iutroduetion  of  glucogenetic  foods  from  the  ex- 

Kicnor.    The  power  of  glucose  storage  U  certainly  greatly  reduced,  and 

H^ perhaps  this  stimulates  glucose  proUuctiou. 

W  Z>.'iV  ratio,  li  Uiu  curbuliydrate  is  wiLhtlravru  as  completely  as 
possible  from  a  depaucrcatized  animal  or  from  a  diabetic  individual, 
dextrose  coDtinues  to  be  secreted  in  the  urine.  This  dextrose,  since 
it  has  uot  come  from  earbobydraic  food,  must  have  been  made  in  the 
body  itself,  and  since  its  amouut  rises  vrith  the  protein  and  not  with  a 
rrise  in  the  fat  intake,  it  must  be  derived  from  protciu  food.  How  ex- 
tensive this  maiiufaelurc  of  glueosL*  from  proleiii  may  be  is  illustrated  by 
experiments  by  Minkowski  and  Lusk.  If  the  protein  was  split  quanti- 
tatively into  glu<;oi>u  uiul  uri-u  there  kIiouUI  be  obt^iined,  siiiDU  lOO  grams 
of  protein  contains  50  grams  uf  carboQ  and  16  of  nitrogen,  about  175 
grams  of  glucose  Not  all  of  the  protein,  however,  is  converted  into 
glueoee.  Some  of  it  appears  as  acelonc,  diaoetia  acid,  and  other  decom- 
position products.    8oiue  in  l)urnud  to  carbon  dioxide  and  u-atcT  so  tiiat 

■  aelually  the  maximum  amount  wlueb  can  be  made  into  glucose  in  a 
dog's  body  in  a  (rendition  of  complete  glucose  iutolenuicc  i.H  GO  grams. 
We  have,  then,  since  100  grams  of  protein  yield  roughly  16  grams  of 
nitrogen  in  the  orine,  a  ratio  of  D:  N,  dextrose  to  nitrogen,  of  60: 16= 
3,7.  Higher  raUos  tlian  this  may  easily  be  obtained  on  feeding  food 
containing  carbohydrates,  but  on  a  strictly  protein  and  fat  diet  in  a 

■  condition  where  gluease  eannot  be  utilized  at  all,  this  ratio  has  been 
obtained  by  von  Mertng  and  Miukuwiiki  in  dupaDureati::e<l  dogs,  in 
diabetic  human  Iteiiigs,  and  in  dogs  iiiiidu  coui])lulely  <[ugar- in  tolerant  by 
phlorizin  by  Lusk.  In  an  pjtperimcnt  by  Rcilly,  Nolan  and  liusk  a 
fasting  phlorizinized  dog  was  given  500  grams  of  meat  without  altering 
the  D;  N  ratio.    The  figures  arc  for  the  urine  of  12-hoiir  periods. 

DextroM—  NICiul-bu-  D:N 

;(nin»  mraina 

; 23.87  7.0  3.41 

neat 40.50  14.0  SM 

FMtTrg   25.:J6  7.1  3.6fl 

This  D :  N  ratio  of  3.3-3.7  Imsk  calls  the  fatal  ratio,  since  its  appearance 
in  human  diabetics  when  on  a  strictly  carbohydrate- free  diet  means 
that  none  of  the  sugar  can  be  consumed. 

From  the  foregoing  experiments  it  appears  that  at  a  maximum  60 
grains  of  glucose  may  be  made  from  100  grams  of  protein.  Several 
questions  nt  once  arise  eoncerning  this  point.  In  the  combustion  of 
proteins  in  the  body  does  it  always  happen  that  60  per  cent,  are  eon- 
verted  into  glucose  and  are  burned  in  that  form?  Or  are  we  to  as.^uine 
that  in  the  condition  of  carbohydrate  starvation  prevailing  in  dia- 
betes, the  process  of  manufacture  of  glueose  from  proteins  is  greatly 
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stimulatod  tn  an  ondeavor  to  adjust  the  dislurbod  motabolism  of 
boi]/  aud  to  r«fiU  Uio  depleted  (rarhohydrale  rcsL-rvuii-fi  t     Tbere  is  not 
at  present  any  way  of  deciding  this  question,  but  luuuy  tacts  indicate, 
as  \ru  shall  scu  iu  ntudying  protxiiu  mutubolisju,  tliat  cvrlaiiily  a  veBHH 
coitiiidvrublt;  part  of  the  protein  in  noriiiully  muilu  into  dextrose.       ^^M 

Decomposition  of  sugar  in  tke  muscle.  Fermentation.  One  of  the 
most  important  questions  in  tlie  oouibuation  of  sugar  in  tho  muscle  is 
whether  the  dextrose  is  burned  as  midi  or  is  firat  decomposed  into 
varioua  splitting  products  which  then  are  oxidized.  Some  light  may 
be  thrown  on  tiiis  question  by  a  study  of  the  spoulaneouH  oxidation  of 
glucooe.  In  discu&sing  the  olutuiistrj'  of  the  eurljoiiydnit*^  it  WUH  ahowa 
that  oxidation  did  not  occur  diructly  but  in  large  nieasui'C  indirectly, 
tho  glucoHO  moleeulu  brealiing  up  in  alkalini-  s^ilulion  and  tJic  partidos 
thus  produced  then  ciUier  oxidizing  themsi^lves  sponlaneously,  or  if  suffi- 
cient oxygen  was  not  present,  the  particles  oxidised  and  reduced  each 
other,  or  else  eondensed  to  form  various  other  products.  Tbere  are 
many  indieations  that  dextrose  ia  not  burne*!  as  sueh  in  the  body,  but 
by  the  action  of  the  protoplasm  decomposes,  mueh  as  it  dat^  in  alkali,  to 
form  various  dccompotiitiou  proiluclx  wbieh  cither  oxidize;  if  oxygen  is 
present,  or  are  reduced  or  condense  to  form  (&t&  or  other  metabotifl 
products.  The  proevsscs  may  very  possibly  be  similar  to  the  alooholie 
fermentation  of  glucoee.  This  decomposition  tabes  place  in  the  absence 
of  oxygen,  very  little  energy  being  set  free;  by  the  subsequent  oxidation 
of  alcohol  energy  is  obtained.  Tlie  exact  nature  of  this  alcoholic  de- 
composition ia  not  cltiar,  but  it  may  pass  through  glycerine  adelhyde. 


CHjOH 
CHOB 

CHOD 


CHOH 

COH 


Cll^OU 


—       La. 


3  0,    = 


2C0,    + 


au^o 


CO. 


+  8  0,=:    SCO, 


OOH 

CHOH  — -  CH, 

COH  CH^OH  CH^OH 

Olj-cerine  Bidehydc. 

As  a  matter  of  fact  muscle  aud  other  tissues  arc  able  to  bum  alcohol 
readily  and  alcohol  is  found  in  small  amounts  in  normal  tissue;  it  is, 
however,  very  unlikely  that  in  (be  combustion  of  glucose  in  animals 
alcohol  is  an  intermediate  product,  since  its  toxic  actions  are  too  int.eD9& 
The  exact  course  of  the  destnietJon  of  the  glucose  in  muscle  k  still 
entirely  unknown. 

The  liver  and  the  muscles  are  not  tbe  only  tiaaaca  which  ne>ed  and 
ctmsume  dextrose,  although  th^  are  by  far  the  largest.     The  heart, 
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int«stiDC,  both  support  llieir  movemunls  by  burning  dextrose.  Thus 
the  addition  of  glucose  to  an  ai-tiSeial  circulaliog  fluid  like  that  of  Locke 
or  Kingei'  or  Tyrode  restores  or  quickens  tJieir  coutractions. 

Altogctlier  aside  from  muscle  tissue,  however,  liiei'e  can  be  no  doubt 
tbat  the  metabolism  of  other  orgaiia  &lso  retjuires  dextrose  aud  iu  ita 
absence  oUicr  sources  of  raw  matcriab  tor  energy  aud  substoucc  must  be 
fouud.  Particularly  tlie  relation  of  the  kiduc-ys  to  suguT  metabolism 
needs  careful  iuvcdtigatioa.  There  can  be  little  doubt  that  the  kidney* 
must  have  some  sort  of  an  affinity  for  glucose  to  onable  Uiem  to  socrcto 
it  from  the  blood  to  the  urine,  where  at  timtL<i  U  h  iu  a  much  higher 
eouceotration.  This  power  is  greatly  stimulated  by  plUoriziu ;  it  seems 
also  to  be  nsduced  in  pancreatic  aud  human  diabetes,  since  iJie  kidneys 
are  no  lcMD(p:r  able  to  prevent  an  accumulation  of  sugar  in  the  blood  and 
a  hyperglycemia.  It  is,  of  course,  possible  that  the  kidney  is  only 
-able  under  the  best  of  circumstances  to  secrete  a  cerlAin  amount  of  glu- 
cose, and  Ihat  the  hyperglycemia  means  that  tlie  kidneys  are  overwhelmed 
and  unable  to  reduce  the  blood  sugar  to  its  nonual  level. 

Phlorisin  dtabele*.  Hitherto  we  have  considered  two  experlmeutal 
racthodH  for  producing  glycosuria  and  more  or  less  svriouii  disturbances 
of  carbohydrate  metJibolism.  A  tliird  method  was  discovered  by  von 
Mering  and  has  been  particularly  developed  by  ImA.  This  metiiod 
consists  in  the  injection  of  tlie  drug  phlorizin.  Phlorizin,  a  glucoside 
derived  from  the  bark  of  the  roots  of  the  plum,  apple,  chen-y  and  pear 
trees,  as  the  name  signifies  (Qr.  phl^os,  hark;  rhurn,  root),  has  the  re- 
markable property  of  inducing  glycosuria  which  is  not  accompanied  by 
ft  hyperglycemia,  but  rather  by  a  hypoglycemia.  The  method  of 
employing  the  drug  as  developed  by  LusU  is  by  subcutaneous  injectioa 
of  2  grams  per  day,  one  gram  twice  a  day  dis-solved.  in  a  little  Na-^COj. 
Another  method  of  injecting  1  gram  suspended  in  7  c.c.  olire  oil  is  also 
tued.  The  drug  thus  given,  or  when  given  in  large  doses  by  the  mouth, 
causes  a  very  great  glycosuria,  and  if  the  injections  are  continued  the 
usual  symptoms  of  severe  mclliluria  follow,  namely,  besides  the 
polyuria,  muscular  weakness,  acidosis,  acetonuria  and  death  in  coma. 
If,  however,  the  injections  arc  stopped  the  animal  recovers.  The  glyco- 
suria is  accompanied  by  a  hypoglycemia.  The  dextrose  content  of  the 
blood  falls  from  0.12-0.08  per  cent.  Nevertheless  the  kidneys  continue 
to  excrete  glucose.  The  action  of  the  di-ug  appears  to  be,  therefore, 
primarily  ou  the  kidney,  causing  it  to  secrete  glucoae  more  rapidly  than 
usual  and  hcuce  to  keep  the  Icvd  of  the  dextrose  in  the  body  below 
the  normal.  As  a  result  of  Uiis  impoverishment  of  the  blood,  the  liver 
and  the  mtisclca  not  in  activity  pva  up  glucose  to  the  Wood  in  order 
t«  supply  tbat  organ  (the  kidney)  whose  constimption  has  thiu  re- 
duced the  whole  supply.    But  as  tliis  happens  to  be  llie  kidney,  tiie 
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r«ealt  is  simply  hke  pouring  water  into  a  sieve.     The  dti:(trose  Is 
drained  out  o£  the  body. 

That  pblorizin  thus  acts  on  the  kidney  colls  primarily,  though  not 
exclusively,  is  fibown  by  an  lixperitiient  of  Leviue.  An  anesthetized  dog 
had  cannulas  in  each  uret«r.  Into  the  Icidney  artery  ot  one  side  was  then 
injected  a  small  dose  of  phlorizin.  This  kidney  secreted  glucose  at 
once  and  the  first  appearance  of  glucose  in  tlie  other  kidney  did  not 
take  place  for  two  minutes  later. 

The  drag  causes  also  marked  degenerative  changes  in  the  kidney 
epithelium  leading  ultimately  to  its  complete  destruction.  It  is  some- 
times stated  that  phlorizin  increases  the  permeabiliQr  of  the  kidney 
epithelium  to  sugar,  as  if  tlic  kidney  acted  as  a  filter  which  normally 
held  back  the  glucose  and  by  the  action  of  the  drug  was  made  more 
pcrmeuble  so  that  glucose  went  through.  While  this  may  be  the  means 
of  its  action  it  seems  more  probable  that  the  secretion  of  glucose  is  au 
active  process  and  that  this  process  is  in  some  way  stimulated  by  tlie 
phlorizin.  It  is  indeed  probable  that  not  ouiy  does  pUloriKiu  in- 
crease the  secretion  of  glucose  by  the  kidney,  but  under  its  acti<m  giu- 
009C  appears  also  in  the  bile.  The  scaretion  of  urea  is  also  increased 
directly  or  indirectly  by  the  phlorizin.  The  nitrogen  output  of  fasting 
dogs  is  increased  3-5  times  by  a  dose  of  phlomin.  It  hss  also  been  sug- 
gested that  the  glucose  is  in  combination  with  some  of  the  colloids  of 
the  blood  and  that  the  kidney  under  the  action  of  the  drug  is  able  to 
make  the  glucose  free,  which  now  escapes  and  is  cxcretud.  The  evi- 
dence for  this  is,  hovrcver,  extremely  meager.  It  has  b(«D  shown  that 
the  sugar  in  tlie  blood  is  capable  of  dillusiug  by  Uic  method  of  vividiffu- 
sion  and  that  its  concentration  in  the  dialysatc  is  about  that  calculated 
to  bo  in  the  blood.  It  is  extremely  hard  to  sec  why  oven  if  glucose  is  set 
free  from  such  a  hypothetical  colloidal  union,  it  should  diffuse  from  a 
region  where  it  is  present  in  only  0.08  per  cent,  to  one  in  which  it  is 
present  to  the  extent  of  2  per  cent.  Any  such  a  couceutration  as  this  by 
a  rcabsorption  of  water  by  the  contorted  tubes  of  tlic  kidney  would  be 
impossible.  In  any  case  tlic  secretion  of  tlic  glucose  must  be  an  active 
process  quite  amUogoiis  to  that  of  the  secretion  of  the  bile  salts  from 
the  blood  by  the  liver  cells.  Phlorizin  produces  microscopic  diangea  in 
the  pancreas. 
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PROTEIN  METABOLISM  OF  THE  BODY. 
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In  llie  cbapters  on  dif^tiou  and  absorption,  the  course  of  the  proteiu 
taken  in  the  food  was  traced  through  the  processes  of  digestion  and  into 

Wood.  The  simple  proteins,  it  will  be  recalled,  find  entrance  to  the 
in  large  measure  at  Icust,  in  the  form  of  amino-acids.  the  primitive 
bnildbit  SlDDefi  of  wliich  the  protein  material  of  the  body  is  to  be  con- 
etruct«d.  Whether  some  of  these  amino-acids  are  synthesized  to  protein 
in  passing  through  the  wall  of  the  intestine  cannot  be  positively  denied, 
but  certainly  tlie  evidence  that  any  such  sj-nthcsis  occurs,  except  for  the 
building  up  of  the  proteins  of  the  epithelial  cells,  is  extremely  unsatis- 
factory. Some  of  the  amino-acids  have  been  d&'stroyed  by  the  action  of 
the  bacteria  of  the  tract  and  some  have  lost  amino  groups  and  been 
changed  into  ammonia  and  a  carbon  residue,  possibly  ketooic  acids  like 
pyruvic  acid,  during  absorption.  It  is  probable,  however,  that  most  of  the 
amino-acids  get  into  the  blood  as  such.  In  the  blood  itself  they  are  found 
in  very  minute  amounts,  but  most  of  the  important  iLmtno:acids  have  been 
found  there  in  small  quantities.  Ho  rapid  is  the  circulation  of  the  blood 
and  so  admirable  are  the  mechanisms  for  maintaining  its  composition 
that  the  amino-acids  aro  removed  from  the  blood  almost  as  rapidly  as 
they  find  entrance  to  it ;  there  is  not,  under  normal  eircumstauccs,  any 
accumulation  of  amino-acids  In  the  blood.  It  has  been  sliowu,  however, 
ilgr  Folin  and  Denis  that  there  is  always  some  increase,  and  not  an  inaig- 
BiJtcftnt  increase,  in  the  nou-proleiu  uitro^m  of  the  blood  after  the 
ingestion  of  protein  foods.  The  non-protein  nitrogen  includes  amluo- 
oeids,  urea  and  ammonia,  among  other  constituents.  We  may  now  ask 
ourselves  the  quGStion  eonc<irniug  the  fartlier  fate  of  these  amiuoaeids. 

We  have  already  at  various  times  touehod  on  these  quosiious  and 
liavo  considered  at  length  certain  aspwts  of  protLMn  metabolism  when 
dealing  with  the  origin  of  tin?  nitrogenous  substanecs  in  the  urine.  Thus 
wc  have  alri;ady  discussed  the  purine  metabolism,  the  origin  of  urea, 
the  formation  of  ammonia,  tho  transformation  of  amino-acids  to  sugars, 
the  significance  of  the  creatine  and  ci'«&tintne  excretion,  and  the  origin 
of  rarious  other  urinary  constituents  which  arise  from  the  proteins. 
Something  has  been  said,  too,  about  the  infiuenee  of  the  thyroid  gland 
on  protein  catabolism.  lu  this  cliapt<!r  vm  shall  only  toneh  briefiy  on 
certain  general  questions  of  protein  metabolism:  Wbat  qnantity  of 
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ammo-acids  are  destroyed  per  dayt  What  is  the  course  of  the  tram- 
formatious  they  midergo  when  they  arc  devoinposed  and  destroyed  in 
the  body!  Whether  Uicy  are  also  synthesized  in  animals  as  they  are 
in  ploots.  lias  the  body  any  power  of  storing  protein  when  more  pro- 
tein is  ingest^  than  the  organism  needs  at  the  time  I  Ilow  much  pro- 
tein per  day  must  a  person  take  and  vrhat  are  the  consequences  of  taking 
more  or  less  than  enough  T 

Amount  of  protein  needed  per  day  by  a  human  adult. — Few  ques- 
tions of  recent  times  have  h««u  more  debated  than  this:  How  much  pro- 
tein food  must  we  eat  a  day  in  urdiir  to  keep  in  the  highest  state  of 
eEEciency.  This  is  a  question  of  the  liighest  importance  in  human  nutri- 
tion. The  proteins  are  the  most  expensive  foods  that  we  consume.  It 
is  uitro^n  that  is  expensive.  We  may  say  at  the  outset  that  the  qtun- 
tity  of  protein  needed  will  not  be  independent  of  the  character  of  the 
protein,  since  tlie  amino-acids  are  the  substances  whieb  are  really  needed, 
rather  than  protein  as  such,  and  those  proteins  wliich  have  all  the  amino- 
acids  in  about  the  same  proportions  as  tliey  are  found  in  the  body  as 
a  whole  will  probably  be  more  efficient  than  those  which  have  an  excesa 
of  one  kind  or  another.  We  shall  come  back  to  this  question  presently. 
The  minimum  amount  of  protein  required  by  the  average  human  adult 
was  stated  a  few  years  ago  by  Voit  to  be  about  120  grams  of  protein  per 
day.  This  amount  was  arrived  at  by  measuring  the  amount  which  peo- 
ple in  moderate  circomst&nces  consumed.  The  idea  was  tliat  the  human 
raee  had  been  for  generations  experimenting  in  order  to  arrive  at  this 
minimum.  Proteins  are  expensive  and  difficult  to  get.  In  the  struggle 
for  existence  which  presses  so  hard  on  human  beings  as  upon  all  aui- 
nials,  it  is  to  be  supposed  that  this  amount  of  food  which  was  so  hard 
!«  get  would  be  the  minimum  upon  which  a  high  state  of  efficiency, 
snfficieDt  to  conquer  in  the  struggle  for  existence,  could  be  maintained. 
If  carb(^ydrate8  and  fats,  which  are  much  easier  to  get  and  much 
cheaper,  could  give  a  more  efficient  individual,  the  persons  who  ate 
more  of  them  than  of  proteins  would,  in  the  course  of  gont>rations,  have 
survived  and  supplanted  their  less  sensible  brothers.  As  a  matter  of 
faot,  it  was  found  that  the  races  which  used  less  protein,  which  were 
chiefly  vegetarian  races,  were  on  the  whole  less  active,  vigorous  and 
progressive.  They  were  the  Bengalis  of  India  and  races  generally 
regarded  as  somewhat  inferior  and  retrogressive.  It  seemed,  then,  tb>t 
the  point  of  view  of  Voit  was  well  taken  and  that  the  minimum  require- 
ment for  efHeicncy  was  about  120  grams  of  protein  per  day  for  an  adult 

This  idea  was  seriously  allaekcd  by  an  American,  Mr.  Homec 
Fletcher,  some  len  years  or  more  ago  and  his  work  gave  rise  to  a 
discussion  of  the  whole  matter  which  has  done  much  to  clarify  our  views 
of  the  r6Ie  of  protein  in  the  animal  economy.    Mr.  Fletcher  being  past 
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middle  lif«,  and  being  refused  life  iD6ursDc«  on  ncoount  of  his  poor  con- 
ditiou,  vreut  aeriously  to  work  lo  i-egulate  his  diol  so  as  to  iniproTe  hia 
condition.  In  tliis  he  was  imitatii^  tJie  similar  conduct  of  Louia 
Comaro,  an  Italian  of  the  ijfteenlh  centurj',  who  hi  simHar  circum- 
stanccii  act«d  in  the  n&aic.  way.  A£t<:r  some  cxpuriiUL-ntatiou  hoth  cut 
down  their  diets  nntil  they  were  eating  far  less  food  than  before,  aud 
Mr.  Flrtchcr  particularly*  cut  down  his  p^ot1^in  poosiimpl-ion.  ("ornaro 
took  about  12  ounces  of  food  per  day.  The  physical  condition  of  both 
Comaro  and  Fletcher  greatly  improved.  A  bad  catarrh  and  liability 
to  catch  col^^  whii'h  had  troubled  Mr.  Fktther  quite  disappeared.  His 
general  condition  was  ko  greatly  iinproved  that  lie  became  aii  extremeiy 
active  man  and  was  able  to  do  exercises  of  a  phyKi('al  kind  which  only 
young  men  in  ^od  phjiiitra]  training  ran  do  without  crciit  fatigtze  and 
lameness.  These  results  were  bo  remarkable  thiit  he  htw  devot«d  hira9elf 
since  then  to  teaching  the  great  value  of  a  rcsti-ictnd  diet,  particularly 
for  men  over  forty  years  of  age.  The  results  iu  Cornaro'a  case  were 
no  less  remarkable.  He  lived  to  be  102  years  of  age  and  at  82  and  again 
at  94  he  wrote  treatises  on  the  art  of  living  long.  The  sum  and  snb- 
stanfc  of  his  pr&si^ription  was  temperance  in  all  Ihinga.  Neitfier  Mr. 
yieteher  nor  Comaro  restricted  their  diet  to  one  kind  of  food.  Comaro 
is  not  very  specLBc  as  lo  bis  exact  diet,  but  apparently  he  partook  of 
tbe  ordinary  foods,  except  fish  and  some  things  that  did  not  agree  with 
tdm;  he  drank  wine  temperately  ;  and  certainly  Air.  Fletcher  takes  what- 
ever be  feels  a  desire  for.  Id  each  case  there  has  been  a  great  diminu- 
tion in  the  quantity  of  food  taken. 

The  results  were  of  such  a  nature  that  a  careful  investigation  was 
undertaken  in  this  country  by  Chittenden,  a  squad  of  soldiers  volun- 
teering to  ser\e  for  the  experiment  to  see  what  the  efFect  would  be  of 
limiting  protein  consumption.  Mendel,  Folin  and  many  others  have 
contributed  to  this  study. 

Tbe  general  result  of  this  work  has  been  to  show  that  it  is  possible 
to  live  for  a  considerable  period,  at  any  rate,  and  apparently  in  a  stale 
of  good  health  and  without  loss  of  weight,  on  far  lees  protein  than  the 
Voit  standard  demanded.  120  grams  of  protein  retjuires  a  nitrogen 
outgo  of  some  19  grams  of  nitrogen  per  day.  Most  of  this  of  course 
will  go  in  the  urine,  but  some  will  be  in  the  feces.  The  amount  of 
nitrogen  in  Fletcher's  urine  was  about  6  grams  per  day;  in  the  soldiers' 
in  Chittenden's  experiments  it  ranged  from  6-10  grams  per  day.  and 
in  himself  and  some  of  his  colleagues  and  students  it  fell  to  a  similar 
figure.  Van  Sommeren,  a  son-in-law  of  Fletcher,  lived  on  an  amount  of 
protein  food  so  small  that  bis  urinary  nitrogen  was  only  i-6  grams  per 
day  and  prasumably  it  remained  there  for  a  long  period,  although  ho 
was  actually  under  observation  for  a  short  time.    Folin,  by  eating  & 
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diet  containing  chiefly  sUircli,  cream  and  sugar,  reduced  his  nilrogen  ia 
the  urine  to  about  (>  graoiH  a  day  for  several  days;  and  Thomas,  in 
Bubntir's  laboratory,  reduced  his  urinary  niiro^D  on  a  starch  And  cream 
diet,  when  a  large  amount  was  taken  so  as  completely  to  cover  the  energy 
requirement,  for  various  short  periods  during  two  years,  to  as  little  aa 
2.2  granifl  per  day.  This  amount  of  nitrogen  corresponds  to  a  protein 
intake  of  only  15-20  grams  per  daj-. 

It  is  elcar  from  these  experiments  that  it  is  possible  to  maintain  the 
weight  of  the  body  and  carr>-  out  ordinary  exertions,  to  establish  nitro- 
ecn  equilibrium,  at  a  far  lower  level  than  the  Voit  standard  required. 
So  perfect  is  the  mechanism  of  the  body  that  the  utilization  of  the  pro- 
tein taken  in  the  food  is  at  a  maximum  under  these  conditions.  It  is 
almost  eompletely  absorl>ed  and  utilized,  putrefaction  in  the  intestine 
being  ri>duee<l  In  a  minimum.  Furtiiermore,  the  general  health  in  many 
of  these  individuals  was  better  than  it  would  have  been  under  their 
fonner  r^imc.  It  is,  thi'rcfore,  clear  that  the  total  nitrogi'u  waste  of 
the  body  may  be  reduced  to  a  very  low  figure,  and  it  must  be  concluded 
either  that  the  proteins  in  the  body  are  being  torn  lo  pieces  very  little, 
if  at  all,  in  metabolism,  or  else  that  tlie  pieces  into  which  they  are  torn 
arc  oarcfnlly  saved  and  usotl  over  afpiin.  Which  of  thesfl  points  of  view 
is  correct  it  is  vcrj*  hard  to  say,  but  perhaps  modern  work  has  cmphasiKod 
the  latter  possibility  rather  'ban  the  former. 

Tu  order  to  rednee  the  amount  of  protein  intake  to  a  minimum 
while  nitrogcucou»  equilibrium  is  maintained,  that  is  while  tlic  outgo 
and  income  of  nitrogen  balance  each  other,  it  is  necessary  to  cover  tbe 
energy  re<|uircmcnta  of  the  body  by  eating  carlKiliydratcis  and  fata,  for 
if  suiBcicnt  cnerRy-yiclding  food  is  not  eaten,  then  the  body  tears  its 
own  tiroes  to  pieces  to  secure  the  fuel  neeessary.  Furthermore,  tbe 
quantity  of  nou-protein  food  eaten  must  bo  more  than  suflicient  to 
cover  the  energy  reqiiii-omont,  Bince  tliere  are  reasons  for  believing 
that  the  carbohydrates  in  paKicular  have  the  additional  virtue  of 
cnnbtine  a  partial  s^'ulhcsis  of  at  U^BKt  some,  and  perhaps  of  many,  of 
the  amino-acids  in  the  body  from  carbolo'drate  decomposition  producta 
and  ammonia  or  other  nitroi;cn  derivatives  of  protein  catabolism.  For 
thia  reason  they  assist  in  keeping  the  nitrogen  in  the  body.  The  total 
effect  of  the  ingestion  of  carbohs'drate  is,  therefore,  to  save  the  proteins 
of  the  t>ody  aud  they  and  fats  are  said  to  have  a  protein-sparing  function 
in  metabolism.  The  explanation  of  this  aetion  is  not  certainly  known, 
but  it  may  he  in  part  that  tticy  are  so  much  more  easily  oxidized  that 
they  protect  tlie  proteins  from  oxidation  in  this  way;  or  they  may,  in 
the  manner  just  cited,  make  possible  the  resyntbcjis  of  amino-acida  from 
ammonia  aud  other  decomposition  products  of  protun  metabolism;  or 
\hey  may  be  important  aida  in  the*  aoaSrobic  respiratitm  «f  coUs  which 
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presumBbly  oO'Ciira  about  the  nncleus.  Tfaoioas  found  tliat  in  order  to 
keep  his  nitrogen  out^  dowii  to  2.2^.63  grams  per  day  large  amounts 
of  carbohydrate  had  to  be  eaten.  If  fat  were  snbstitnted  for  earbohy- 
drate,  the  amount  of  mtr(«eii  iu  the  urine  was  soinewfaat  iacr«ased. 
Perhaps  this  tbs  due  in  part  to  the  slight  acidosis  which  generally  occurs 
in  the  motsboliKm  of  large  amounts  of  fats.  The  fats  do  not  bam  so 
easily  and  completely  ag  the  carbohydrates  to  carbon  dioxide  and  water, 
but  fragments  of  their  moleenles,  such  as  acetoaeetie  acid,  are  apt  to 
escape  unbumed  in  the  urine.  This  acid  is  neutralized  in  part  with 
ammonia  and  when  it  appeais  it  carries  oat  some  ammonia  in  the  urine. 
thus  increamng  somewhat  tbe  nitrof^en  outgo. 

Since  it  is  the  amino-acids  which  arc  used  to  syathesize  the  proteins 
of  tlic  body  it  is  ncccsury,  if  a  real  pbysiologic&l  mmiimiiii  is  dasind, 
that  just  the  rif;ht  amoont  of  each  particular  kind  of  Araino-fteid  shall 
be  eaten.  Since  the  different  proteios  contain  quite  different  propor- 
tiras  of  the  amino- aj^idii,  it  makes  a  great  dilfertrnce  to  the  body  which 
protein  b  eaten.  Dog  fle«]i  noariahes  dofs  with  le«  waste  than  any 
other  kind  of  protein.  For  example,  some  of  the  proteins  lack  eom- 
plctdy  certain  amino-acidit,  and  if  the  animal  organism  is  inespabJe 
of  manufacturing  these  acids  in  sufficient  amounts  to  oorer  its  needs, 
it  will  be  impossible  to  maintain  nitroi*en  eqailibrinm  when  that  par- 
ticular protein  is  used  as  a  food.  For  example,  gelatin  lacks  both  ^roiuie 
and  tryptophane  and  it  has  been  found  impossible  to  noaiirii  completely 
any  msmmal  when  gelatin  is  the  sole  i>rcitetn  food  in  the  diet.  Hmr- 
erer  mueh  gelatin  msy  be  taken,  and  however  mndi  carbohydrate  be 
added  to  it,  there  is  a  slow  Iom  of  nitrogen  to  the  body  resulting  eventn- 
ally.  if  the  diet  is  not  changed,  in  death.  ETidently  K  ta  imposnble  for 
the  animal  body  to  manafactnre  the  larking  amino-acidi  from  the  food 
BQppU«d  in  amoiuts  solBeient  to  cover  its  reqairements.  Tbooas  found 
■  eonsidersble  differc3ioe  in  tbe  power  of  the  different  proteins  to  mpply 
in  the  most  efBeient  manner  the  mlfogen  needs  of  the  body.  Msst  and 
milk  protein  cotild  replace  the  protein  eonsnmed  with  the  gfcntest 
efficiency.  It  was  neceasaiy  to  eat  least  <d  these  in  order  to  supply  the 
2.2  grama  of  nitrogen  whidi  was  the  minJmnm  ovtgou  Sosse  of  tbe 
ngetaUe  proteins  were  fiar  leas  eAeient  If  the  protmn  minimum  was 
gateffcd  \nr  them,  it  was  aeoeflsszy  to  take  far  more  of  the  protein. 
Lidsed.  of  the  total  nitrogen  taken  in  the  form  <^  vecetsUe  protein, 
wMietxnies  60  per  eent  was  wasted :  that  is,  thst  propartioo  of  nitrogen 
wns  not  in  s  torm  to  eorer  tbe  nitrogcu  minimum  of  the  body.  Potato 
protein  wai  better  for  tbe  p^sislog^cal  mininnnD  than  cither  pen  or 

_       beans  or  wheat. 

f  Beeent  wosk  on  the  neceadty  of  other  wwtilamta  than  protein  in 

tbe  foods  (see  pag*  838)  mdEaa  the  intcntretation  of  these  experiments 
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BOmewtiat  ohaeure,  since  it  is  possible  tbat  the  groflter  offlciency  of  niilk 
and  meat  might  be  due  to  tb«  presence  in  them  of  some  non>protem 
constituent  necessary  to  the  body  but  not  found  in  the  vegetables  con- 
sumed. But  there  is  no  doubt  of  the  fact  thai  the  body  can  get  along 
ior  a  eoDsiderable  time  and  often  with  advantage  ou  less  protein  than 
is  usually  oonmmed.  Ilubuvr  in  1SS3  cxprcssctl  the  opinion  tbat  not 
more  than  5  per  ctnt.  of  the  cncrcy  roquii-emcnt  of  the  body  had  to  be 
in  the  form  of  protein.  The  2.2  grams  of  nitrogen  in  tlie  urine  of 
Thomas,  Rabnor  suggests,  eame  from  the  baeteria  of  the  intestinal  tract 
and  from  the  blood  deoompositiou.  Wlion  doing  very  hard,  muacular 
work  while  ou  this  diet  Thomas  raistrd  his  nitrogcu  to  2.6  grams  per 
doy.  This  allows  tliat  tlie  mtisclc  subManec  tloeu  not  wear  out  rapidly. 
The  machinerj'  dors  not  w«-ar  out.  Rubnrr  thinks  that  there  is  a  mini- 
mum  decomposition  of  2.0-3.0  frranis  of  prutuin  per  day.  Since  the 
whole  amount  of  protein  in  a  man's  body  is  about  2,000  grams,  only  0.1 
per  cent.  go<?s  to  pieces  dally.  If  tho  loss  were  equally  distributed,  this 
would  mean  tliat  the  protein  was  renewed  onoe  ui  5  ycara.  The  actual 
neceasaty  wear  and  tear,  lie  ihitUcs,  is  less  than  this. 

It  appears,  then,  tliat  the  amount  of  nitrogen  wear  am!  tear  of  the 
body  is  not  neoessarily  vcr>-  great.  This  may  mean  one  of  two  tilings. 
First,  tliat  the  protein  is  mctabolixing  at  a  very  alow  rate  indocd;  Ihat 
the  protein  makes  actually  a  maehincry  of  a  very  stable  kind  which 
moves  and  organizes  the  cell,  but  which  does  not  itself  bum,  or  mctab- 
oliite  at  a  rapid  rate,  but  is  moved  by  the  energy  set  free  from  the 
combustion  of  the  carbohydrates  and  fats;  or,  second,  it  may  mean  that 
the  body  is  able  to  save  and  use  over  again  the  waste  products  of  the 
protein  metabolism  so  that  it  saves  lis  ammonia.  The  first  possibility  is 
of  COTiaidcrable  interest,  since  it  may  be  that  the  stability  of  the  brain 
proteins  makes  possible  the  .itabillly  of  the  memories  of  the  body.  This 
poasibllity  is  discussed  under  the  chapter  on  the  brain.  The  second  pos- 
sibility, however,  has  much  in  its  favor.  It  is  now  certain  that  the  body 
has  the  power  of  manufacturing  some  nmino-acids  from  some  of  the 
products  of  carbohydrate  metabolism  and  ammonia,  and  it  is  possible, 
hence,  that  the  nitrogen  is  tlms  saved  to  the  body  and  remade  into  amino- 
acids  which  are  used  to  make  good  the  protein  wear  and  tear. 

Is  minimum  proleiii  desirdbtet  It  is  possible  to  live  for  several  years 
on  less  protein  than  is  ordinarily  eonsumctl.  Is  It  desirable  that  the  bulk 
of  the  population  should  reduce  their  protein  eonsninption  so  as  te 
approach  the  minimnmf  Most  physiologists  are  of  the  opinion  that  it 
is  undesirable  and  that  it  is  safer  to  provide  for  a  certain  excess  above 
the  minimum  requirement.  In  the  Rrst  place,  it  is  certain  that  growth 
is  very  dependent  upon  protein  food.  For  the  proper  development  o( 
the  body  it  is  necessary  that  protein  should  he  eaten  in  considerable 
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quantities.  There  is  hardly  a  doabt  that  the  increase  in  the  sTerage 
stature  of  the  population  of  this  country  is  due,  in  part  at  least,  to 
better  nonristimeiit  of  the  children.  Growth  is  stunted  by  too  little 
food.  For  growth  protein  is  needed.  Nature  probably  had  to  solve 
this  problem  by  blind  experimentation  and  the  food  provided  for  the 
rapidly -growing  young  ts  always  protein  food.  Milk  contains  as  much 
protein  as  it  does  carbohydrate  or  fat;  young  birds  are  fed  on  worms, 
larvic  and  insecis,  even  though  the  adults  may  be  graminivorous.  But 
there  arc  reasons  even  in  adults  for  the  ejcccsa  of  proteia  consumption 
aboTe  the  minimum.  While  there  is  no  protein  storage  in  a  narrow 
sense,  there  is  cerlaiuly  a  reser\'o  power  which  a  well-fed  person  has 
and  which  an  ill-fod  one  lacks.  The  muscles  and  cells  of  the  body 
full  of  liviug  matter  have  eertainly  a  greater  vitality  and  a  greater 
resistance  to  disease  than  when  they  are  depleted.  Experiments  have 
shown  that  the  resistance  of  rata  and  other  animals  to  snake  venom 
is  greater  when  they  have  been  fed  protein  than  when  tlicy  ha\-ft  not 
been  fed  protein.  It  may  be  that  the  difference  is  due  not  to  the  pro- 
tein, but  to  other  constituents  of  the  diet,  but  in  onr  ignorance  of  what 
those  constituents  are  il  would  appear  wiser  to  eat  the  food  which  contains 
tlicia.  The  whole  matter  is,  hence,  in  an  uuBcttlod  state.  We  are  eon- 
fronted,  on  the  one  hand,  with  the  fact  that  long  life  is  usually  accom- 
panied by  a  temperate  diNposition,  and  temperance  in  eating  and  drink- 
ing; and  that  many  people,  particrularly  those  pH.st  middle  Hff^,  arc  bene- 
fited by  reducing  their  protein;  on  the  other  hand,  peoples  of  great 
vigor  are  generally  heavy  protein  consumers,  and  for  the  young,  cer- 
tainly, a  plentiful  protein  diet  seema  to  have  been  that  elaborated  by 
nature  after  many  expoKmenta. 

Will  Ike  body  store  proleint  The  human  body  has  the  power  of 
storing  both  carlwhydrate  and  fat.  It  one  eats  more  carbohydrate  food 
than  is  necessary  to  cover  the  energy  requirements  of  the  body,  it  is 
not  at  once  completely  burned  and  got  rid  of,  but  up  to  n  rnrtain  point 
it  is  stored  cither  as  glycogen  in  the  liver,  muscles  and  some  other  tissues, 
or  it  is  converted  into  fat,  and  deposited  as  such  in  the  great  fat  reser- 
voirs of  the  body,  which  lie  under  the  skin  or  about  the  internal  organs. 
•  With  proteins  the  matter  is  quite  different.  It  is  true  that  many  plants 
have  the  power  of  storing  proteins  in  their  seeds  and  in  other  tissues. 
Nuts  gen«^rn1ly  (Wntsin  storeil  protein.  Tlie  proteins  in  these  eases  are 
^  dead,  resene  proteins.  They  are  more  stable  than  the  usual  proteins 
K  ud  they  are  often  laid  down  in  crystalline  deposita  in  the  cells.  Some 
animals  also  store  a  small  amount  of  protein  in  eggs  to  serve  as  food 
for  the  developing  embryo.  But  it  ia  always  found  that  the  cells  which 
thus  store  protein  have  a  metabolism  slower  than  usual  Either  they 
K  store  protein  because  their  metabolism  is  small,  or  else  the  accumulation 
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of  this  luass  of  inactive  prot«in  checkB  their  mctaboIiBm.  In  the  adult 
human  being  tiierc  is  ceiiainly  a  very  limited  storage  of  protein.  If  one 
doubles  the  amount  of  protein  Docessu-y  to  replace  the  wear  aud  tear 
of  the  protein  of  the  body,  in  a  well-fed  person  the  sole  result  is  to 
increase  the  output  of  nitrogen.  If  ure  cat  200  prams  of  protein  per 
day,  Uic  body  does  not  retain  this,  but  it  is  at  once  oxidized  and  got 
rid  of.  The  nitrogen  is  inoreased  in  the  urine  to  the  same  extent  m 
it  baa  been  Increased  in  the  food.  It  is  not  retained  in  the  body.  It  is 
only  after  a  long  fast,  or  particularly  aPt<r  a  prolonged  low  protein 
diet,  when  the  body  Las  been  covering  its  needs  with  carbohydrates  and 
saving  its  proteins,  lliat  there  is  a  retention  of  nitrogen  in  the  body. 
And  this  power  of  retention  is  not  very  great.  It  ia,  for  example,  aft«r 
wasting  diseases  when  there  has  be«D  a  groat  loss  of  muscle  substance, 
or  after  hemorrhage  when  there  must  be  a  rapid  reformation  of  blood, 
that  protein  storage  occnrs. 

In  fact,  BO  far  is  it  from  being  the  case  that  eating  protein  leads  to 
protein  storage,  that  the  reverse  is  true.  A  large  protein  diet  far  in 
exceas  of  the  protein  requirements  leads  to  a  consumption  of  fat,  M 
that  the  body  is  thin  aud  may  actually  lose  weight.  Proteins  have  a 
eerta.lu  specific-  action.  They  stimulate  heat  production.  If  one  eat< 
more  protein,  it  is  not  as  it  is  with  the  fats  that  the  excess  is  stored, 
but  it  is  burned  at  once,  so  that  a  large  protein  diet  means  on  increased 
output  of  heat.  The  hcBt  production  is  at  a  minimum  on  a  low  protein 
diet.  In  rest  it  may  then  sink  to  2,000  calories  per  day;  whereas  on  a 
high  protein  diet  even  at  rest  it  rises  to  3,000-3,500  calories  per  day. 
It  is  as  if  the  fats  burned  in  the  faeat  of  the  proteins,  for  one  way  of 
getting  thin  is  to  cat  large  amounts  of  protein  {Banting  cure). 

The  explanation  of  this  peculiarity  of  the  proteins  when  contrasted 
with  the  fata  and  wirbohydrates  has  not  yet  been  given  in  it.s  entirety, 
but  it  is  not  impoRsible  that  it  has  the  following  teleologicsl  explanation. 
The  proteins  make  part  of  the  real  living  matter.  It  is  impassible  to 
increase  the  living  matter  of  the  cell,  or  the  living  matter  of  the  body 
as  a  whole,  beyond  the  powers  of  the  blood  to  supply  oxygen  to  keep 
il  alive.  If  more  living  matter  is  formed  than  can  be  supplied  with 
oxygen,  hydrolytic  or  aatodigcstive  processes  are  set  at  work  which 
digest  the  protein  and  thus  tear  down  that  which  has  been  formed.  The 
amount  of  the  living  matter  is  evidently  limited  by  the  ratio  of  bulk 
to  surface  and  to  the  po«csibility  of  supplying  oxygen.  ThLs  may  be  the 
way  in  which  the  amount  of  living  matter  is  limited  in  the  body.  Pro- 
tein cannot  be  laid  down  in  the  protoplasm  in  the  form  of  dead  or 
reserve  material  without  seriously  checking  the  metabolism  of  the  cell. 
Stable,  inert  proteins  are  found  only  in  those  cells  where  the  mctaboliam 
is  not  very  intense.    If  it  be  asked  how  it  happens  that  protein  ia  not 
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deposited  in  cells  in  spite  of  ih«  possibly  deleterious  result  of  such  a 
deposition,  we  have  to  confess  thnt  we  Imow  very  little  about  it.  Tlie 
experimeDts  oE  AacoU  aud  others  on  tmcase  and  it«  variation  in 
tbe  liver  of  fasting  Hud  woll.fed  individuals  appear  to  be  full  of  sig- 
nificance. It  will  be  recalled  that  in  bird's  and  dog'K  liver  tlie  cnxyme 
to  destroy  urie  at^id  diaappcani  when  the  diet  ii  rci;lrict«d  and  reappears 
when  tl)c  diet  is  pk-ntiful.  This  is  evidently  in  the  natant  of  an 
adaptive  metabolic  change.  When  the  diet  is  restricted,  or  during 
fasting,  it  is  possible  that  the  uric  acid  is  needed  to  replace  the  vaste 
of  the  mielein  material.  The  aetivity  of  the  uri<.*aso  disappeare  under 
these  eircuxustancca.  Feed  the  Iwdy  wcJl  and  destrut^tion  of  urie  a«id 
resulta.  The  simplest  explanation  suggesting  itself  is  that  some  of  the 
food  decomposition  products  give  rise  to  the  enzyme  which  destroys  uric 
acid.  But  wbc-ther  lliis  explanation  Ls  correct  ronnot  be  said.  Perhaps 
it  ia  the  same  with  the  amino-aeids.  After  fasting  we  know  that  tbe 
destruction  of  amtno-acids  is  greatly  restricted  and  the  organism  builds 
them  over  into  protein  to  replaoe  that  which  has  been  used  up.  It  may 
be  that  the  enzymes  which  destroy  or  hjdrolyze  the  proteins,  or  oxi- 
dixe  the  amino-aeids,  are  reduced  in  iiuantlty,  so  that  the  speed  of  the 
destruction  of  the  amiuo-acids  ia  reduced.  On  the  other  hand,  when 
there  is  a  luxns  consumption  of  the  amino>acids,  perhaps  some  of  thetr 
decomposition  products  arc  eonvf^rted  into  catalytic  agents  which  hasten 
the  dccompoeitiou  of  the  amino-acids.  Consequently  the  oxidative 
decomposition  is  greatly  increased  and  the  heat  of  the  body  increased. 
Whatever  may  be  the  exact  mochanism  by  which  a  storage  of  protein 
is  prevented,  there  is  no  doubt  of  the  fact  tliat  very  littlo  storage  occurs, 
but  that  excess  protein  is  torn  to  pieces,  and  the  nitrogen  eliminated  as 
urea.  Ileat  prodnetion  is  at  the  same  time  increased,  and  there  appears 
to  be  a  stimulated  decomiKuitiou  of  the  fata.  Of  the  non-nitrogenous 
pert  of  the  protein  molecule  a  portion  at  Icaat  is  converted  into  glycogen, 
as  has  already  been  discussed  on  page  771,  and  may  be  8tor«d  as 
glycogen. 

Cat<^oliam  of  proteins.  The  question  wc  have  now  to  ask  is  a  very 
fundameotal  one  ami,  like  most  fundamental  questions,  we  cannot 
answer  it.  The  question  is  this:  What  is  the  course  of  the  metabolic 
decompontion  of  the  proteins  of  the  cells  of  the  bodyt  These  proteins 
are  complex,  conjugated,  colloidal  proteins.  Do  they  undergo  oxidation 
or  deaminizBtion  while  they  are  in  this  form ;  or  is  the  first  step  in  their 
cataboliam  a  digestive  process  which  rcsidts  in  setting  free  the  amino- 
acids  and  other  constitncots  t  And  arc  these  fragments  then  oxidized, 
or  first  fragmented  by  fermentation  and  the  fragments  oxidized  T  It 
will  be  recalled  at  the  outset  that  the  proteins  with  which  we  are  deal- 
ing, that  is  the  real,  organized,  protein  basis  of  living  o^atter,  is  not 
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a  siniplu  protein,  but  it  coutainx  in  its  motccnlo  certainly  pbospbolipin. 
possibly  various  enzymes  and  carbobydcatc  and  otbcr  material,  some  of 
it  inorganic.  Ita  composiliou  is  probably  illustrated  by  the  composition 
of  the  blood  platelets  or  tbe  stroma  of  Lbo  re<l  blood  corpuscles,  or  we 
migbt  evcD  say  of  tbe  red  blood  cellH  a^:  a  wbole,  wbile  tbey  still  have 
in  tliem  hcaioglobio.  Pn'sumably  in  the  re<l  blood  cells  the  comprai- 
tion  o(  tbe  protein  is  represcntt^l  by  a  compound  of  licuiu<;]obin-pKcia' 
pbolipiD-protein-lipasc-dioluslcrol-potiLSHiutn.  Tbis  compoiind,  if  indix-d 
it  bo  a  clicmical  compound,  is  known  to  bo  vci?  unstable  and  a  great 
variety  of  apents  canse  it  to  doRoraposc.  On  tlie  whole,  the  evidence 
is  favorable  to  tlie  view  that  sotaeUiiug  similar  bappenii  In  alt  cells  and 
that  the  Gret  step  in  tbe  vatabulism  of  the  proteins  ia  a  decompOiitioD 
of  Ibi::  complex,  and  the  digestion  of  Us  eouKtiluenlK.  Tbus  it  has  been 
found  tbat  in  all  i-ells  tliere  ensiias  on  death  a  digestion  of  the  proteio 
material  with  tbe  appearance  of  the  splitting  prmlueta  of  tbe  simple  and 
conjugated  proteins.  This  digralion  is  known  as  autaltfds.  Thus  in  all 
tissues,  as  soon  as  they  die,  fhcr-c  is  a  digestion  of  tlie  purine  bases, 
adenine  and  guanine,  ammonia  is  sot  free  and  the  deamittizod  bases, 
hypoxanthine  and  xaulliine,  ai'e  formed;  ilie  bases  may  also  be  split 
free  from  ttieir  union  witli  the  i!arbobydi*ata  or  pbosphorie-acid  group. 
Lipases  also  become  active  and  a  digestion  more  or  less  extensive  of 
the  lata  and  pbospholipins  occurs ;  tlie  simple  proleina  are  digested  wit-h 
the  appearance  of  albumoses  and  amino-acids  and  other  peptides.  We 
have,  then,  in  cells  after  death  the  appearance  of  digestive  enzymes 
whicJi  deamidize  aod  deoompose,  or  hydrolyze,  a  great  many  of  tJie  cell 
constituents  and  among  them  the  proteins.  Nearly  all  cells  yield  pro- 
teolytic enzymes  of  tbe  erepsin  type  and  of  the  deamidizing  type. 
Nearly  all  of  these  digextive  actions  occur  best  in  a  very  faintly  acid 
medium  and  tliey  are  cheeked  or  prevented  by  the  addition  of  a  little 
bicarbonate  of  soda.  This  is  partiimlarly  tnie  of  the  proteases.  It  haa 
been  aos^ested,  and  »cems  on  the  wbole  very  probable,  tbat  these  cmytam 
do  not  begin  their  work  only  at  the  moment  nf  deatli  when  the  reaction 
of  the  cell  has  become  avid,  but  iJiat  tliey  are  more  or  loss  active  all  the 
time,  but  that  normally  their  activity  is  reduced  either  by  the  presence 
of  antibodies,  or  else  by  Uie  reaction,  or  else  tbat  the  synthetic  power 
of  the  eell  is  so  great  tbat  in  spite  of  their  action  tbe  cell  is  not 
destroyed.  It  would  seem  probable  that  the  first  step  in  catabolism  was, 
then,  a  hydrolysis  of  tbe  proteins  and  that  tbe  oxidation  or  fermentation 
of  the  products  set  free  succeeded  this.  This  view,  however,  bos  not 
been  universally  accepted.  It  is  a  very  singular  fart  that  it  is  impos- 
aible  to  isolate  these  digestive  enzymes  before  autoI>-us  bos  begun.  It 
is  the  same  difficulty  which  was  noted  in  tbe  ease  of  tbe  docompositioQ 
of  the  glycogen  in  the  liver;  tbe  enzyme  appears  only  in  veiy  small 
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amotmts  and  after  digestion  has  began.  A  potato,  altliough  it  under- 
goes hydroij'sis  of  ita  starch  very  easily  after  lying  for  a  time,  seems 
to  have  no  diastase  in  it  when  the  potato  is  green.  In  other  words,  the 
diastase  appears  when  the  digestioa  begins.  A  qaite  similar  fact  is 
noted  in  the  clotting  of  the  blood:  no  thrombin  can  be  isolated  from 
the  plasma,  bat  only  from  the  serum  after  clotting  has  occurred.  The 
qnestion  in  the  clotting  of  blood  is  the  same  as  in  tbe  digestion  of  the 
proteins,  Is  the  enzyme  which  appears  a  result  or  a  cause  of  tbe  clot- 
ting or  digesting  process  t  No  doubt  it  appears  most  probable  that 
tbe  enzyme  is  present  and  active  even  during  life,  but  its  activity  is 
checked  in  some  of  the  ways  stated.  Tissues  waste  away  in  starvation, 
even  though  they  live,  and  tltis  is  probably  due  to  a  partial  hydrol>'EU. 
There  are  uot  wanting  those  who  maintain,  however,  that  the  enzyme 
is  not  the  primaty  cause  of  tbe  catabolism  in  tbe  living  tissue.  The 
reason  why  the  enzyme  is  not  to  be  found  in  living  active  cells  may  be 
illustrated  by  the  phenomena  of  the  clotting  of  the  blood.  The  blood 
platelets,  aco(»iding  to  Wooldridge,  are  of  tbe  nature  of  ciyatalUnu 
products.  Now,  if  they  ore  examined  fresh,  no  fibrin  ferment  cau  be 
eztnetcd  from  them,  but  if  they  ore  allowed  to  clot  first  then  they 
yield  fibrin  and  thrombin.  They  also  yield  an  hydrolytic  enzyme  which 
has  the  power  of  digesting  tbo  fibrin  and  producing  fibrinolysis.  The 
probability  seems  to  be  tJiat  tbe  euxymes  in  cells  are  in  union  witb  the 
aubstancea  upon  which  they  act,  they  ore  in  naioa  with  their  substrates 
aud  so  cannot  be  cxtratjtcd ;  under  ccrtaia  coaditions  this  union  is  stable 
and  tbe  substrate  ia  not  uffcctod  by  tlie  enzj-mc,  but  under  certain  other 
conditiona,  oud  a  very  slight  reduction  in  alkalinity  appears  to  bo  one 
of  them,  the  reaction  is  oonsunimatcd,  the  ccnnpound  is  hydrolyzcd  and 
both  tJie  hydrolytic  product  and  the  enzj'me  appear  free  at  the  samo 
moment,  just  as  fibrin  and  thrombin  appear  simultaneously.  If  this 
view  is  correct,  tbe  protoplasmic  proteins  already  have  combined  with 
them  the  various  enzymes  which  under  differeot  circumstjuices  deeom.- 
poec  thcu  by  aulolyius.  Perhaps  under  certain  coudiUons  these  same 
enzymes  have  bL-en  rt^pousiblc  for  the  syuthcois  of  the  proteins  which 
they  digest  under  other  conditions. 

By  this  autolysis  of  the  protcim  amino-ocidE  arc  produced.  These 
amino-acids  are  either  fermented,  carbon  dioxide  and  amines  being 
formed  from  them;  or  they  are  oxidized  with  the  formation  of  certain 
products,  among  them  ketouic  acids,  ammonia  and  aldehydes.  Ulti- 
mately the  nitrogeu  r&siduea  escape  from  the  body  chiefly  as  area; 
while  the  carlwn  residues  arc  in  part  at  least  changed  to  glucose  and 
glycogen  in  the  munncr  indicated  in  the  previous  chapter. 

Course  of  the  ozidatioti  of  various  amiHo-acids  in  tke  hody.  The 
course  of  oxidaticm  of  various  amino-acids  in  the  body  has  been  studied 
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by  Noubaaer,  Knoop,  Embdcn,  Dakin  and  others  by  perfusing  the  liver 
with  blood  contaimng  the  amino-acids,  by  obtaining  their  decomposition 
products  from  the  urine  and  by  oxidation  witli  hydrogen  peroxide. 

The  general  course  ot  the  oxidation  of  the  simple  amino-acids  ia, 
first  to  form  by  oxidation  the  ketcnic  acid  and  ammooia.  A  subseqac 
oxidation  conrcrta  them  into  the  acid  of  the  next  lower  scries  by  the  kas 
of  carbonic  acid.  According  to  Dakin  the  aldehyde  is  formed  aa  an  i&- 
tenucdialc  product.  The  course  of  the  oxidation  of  the  simpler  acids 
ia  shown  by  the  following  reactions.  In  not  all  cases  has  it  been  actually 
shown  that  the  decompo^tion  follows  this  rule,  but  it  haa  in  many  of 
them  and  it  is  probable  for  the  others. 

NUjCHj,— coon + 0  =  cHo-coon  +  nh, 

Glyeocoll.  Olyoxylie  ncid. 

The  reaction  probably  goes  in  two  stages  (Knoop  and  Neubauer),  the 
oxyamino-acid  forming  first: 

,  Nu  =  cn~cooii  +  H^O 

_,^"'  Imiaa-Acif]. 

NH  CH  — COOH  +  0  =  NH^CHOH— OOOn-; 

Cljoocoll.  HydraUd  imitw,        ^"^-^  0  =  CH— COOH  +  NH3 

IiiUTinc<liiit«  HtiiffP.  (ilj-pij-lic  ncid. 

The  hydroxy  amino  compounds  may  be  regarded  as  hydrated  imino- 
acids.  It  will  be  remembered  that  oxygen  and  Nil  are  very  aimilar  in 
many  of  their  properties  and  mutuaJly  repUcc  each  other  In  com- 
pounds. 

Alanine  on  oxidation  fonos  pyruvic  acid,  thus; 

CHj— CUKH^— COOF  .f-  0  =  CH^—CO— COOH  +  NH^ 


Alonlng. 


I'}7XiTic  «cid. 


On  further  dcfomposition  this  acid  yields  by  oxidation  acetic  one 
and  carbon  dioxide: 

.CT— CO— COOB=:CHj— COH  +  CO^I   CH^— COH ^. O  =  01^,— COOH 
Fjrruric  actd.  Acviic  altlvlijde.  Aectto  acid. 

Rttaiion  to  hydroxy  acids.  The  amino-acidti  are  converted  often 
into  hydroxy  acids.  Thus  in  perfusing  the  liver  with  blood  containing 
alanine,  lactic  acid  watt  obtained.  Similar  hydroxy  acids  have  t>een  ob- 
tained also  from  other  acids.  The  hydroxy  acid  is  not  formed  by  a 
direct  replacement  of  the  amino  group  by  hydroxyl,  but  by  the  redaction 
of  the  ketonic  acid  which  is  formed  by  the  oxidation  of  the  amino-acid 
and  the  subsequent  elimination  of  ammoaia.  From  alanine  pyruvic  acid 
ia  formed  in  Uie  way  described  and  this  ia  by  reduction  converted  into 
lactic  acid. 
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CB^— CO— COOK  4-  2H  =  CH^— CHOH— COOK 
Pymrio  acid.  L««tic  acid. 

Lactic  acid  muy,  tbereforo,  arise  from  the  proteins  as  welt  as  from  the 
carbohydrates. 

Tbe  evidence  tliat  lactic  acid  is  not  first  formed  and  then  oxidized 
to  p^Tuvic  acid  is  the  fact  that  a  substituted  lactic  acid,  such  tor  ex* 
ample  as  p-hydroxyphcDyMactic  add,  does  not  yield  homogentisic 
acid  when  administered  to  an  alcaptonuric,  whereas  p-bydroxjrphenyl- 
pyruvic  acid  does  yield  it.  This  observation  shows  that  the  hydroxy  acid 
cannot  be  in  the  normal  course  of  oxidation  of  tyrosine;  and  that 
p-phcnylhydroxy  pyruvic  acid  is  probably  in  the  chain  of  normal  oxida- 
ti(m.  The  relation  betwt.*en  the  hydroxy  acids,  tlie  ketone  and  amino 
acids  may  be  represented  as  follows: 

CH^— CH0H~«JOU 


CHj— CHKH^— COOH 


7—      <:n,— CO— cooH  +  nii^ 


o 


CH^— cooa-f  CO, 

It  is  not  imposxihle,  however,  that  the  exaet  course  of  tlie  transforma- 
tion may  not  be  correctly  repreaeuted  by  tlie  foregoing  scheme.  It  may 
be  that  an  unsaturated  acid  is  formed  at  the  outset  of  the  reaction  by  a 
deamidiKation  and  that  this  unsaturated  acid  is  subsequently  oxidized, 
to  the  hy*lroxy  or  oxy  acid.  An  amino  group  behaves  in  general  like  a 
hydroxyl  group.  Ilydroxy  acids,  like  tactic  acid,  easily  loae  water  and  are 
transformed  into  the  unsaturated  acids  like  acr^'lic  acid.  Uowcver  tiie 
^.hydroxy  acids  undergo  this  transformation  more  readily  thau  the 
ar-acida.    The  reaction  would  be  as  follows: 


CH  — CH.NH,— COOH 
AmiDO  propEonie  aeid. 


CH^  =  CH— coon  +  NH^ 
A«rylt4]  ftcid. 


By  subsequent  hydration  or  oxidation  acrylic  acid  might  be  converted 
into  the  hydroxy  or  the  ketonic  aeid: 


1.     CUj=CH"<;O0H  +  HOH- 
AerjUoscfd. 

2.  cH^=cn— coon  +  0  — 

Acrylic  ftcid. 


— CH^— CHOH — COOH 
L»etie«cid. 

CH,— CO— COOH 
PyruTie  Mid. 


Such  an  unsaturated  amino-acid  has  been  obtained  recently  by  Hunter 
from  dog's  urine,  namely,  uroeanie  acid.  It  has  also  been  obtained 
from  a  pancreatic  digest.    It  is  derived  from  histidiue  by  deaminizalion: 


WW 
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in 

COOH 
Urocacfencid. 
(Itninftxol/UcTylic  aciil.) 


iu 

OOOH 
CintuimiGaeid. 


The  corresponding  dcrivatdve  from  pLenyl  alaDine,  called  cumamic  acid, 
is  fouud  iu  oil  of  cinniunou,  balsam  of  Tulu  and  olsewliori;.  Au  uiOtaeric 
cinnamic  acid,  the  alpba-phenyl  acrylic  acid,  atropic  acid,  la  obtained 
from  Uie  alkaloid,  atropine.  The  eridence  at  present,  however,  favors 
tlie  Kooop  view  of  a  preliminary  oxidation  before  the  deaaturation. 

Tyrosine  and  phenyl  alanine.  By  oxidation  tyrosine  is  converted 
probably  in  the  first  place  to  para-hydroxyphenyl  pyruvic  acid,  and 
pheu>'l  alanine  to  phenyl  pyruvic  acid.  The  isolation  of  these  acids 
has  not  been  accomplished  from  the  urine  after  ingesting  tyrosioe, 
but  indirect  evidence  shows  their  formation.  Their  further  fate  is  very 
interesting.  Under  certain  not  well  understood  conditions  a  peculiar 
acid,  homogentisic  acid,  appears  in  tho  urine.  This  acid  is  a  dihydroxy- 
plienyl  acetic  acid  and  has  the  property  of  turning  the  urine  dark  on 
standing  by  the  formation  of  melanin  by  the  spontaneous  oxidation 
of  the  acid.  That  this  substance  is  derived  from  tyrosine  is  shovra  by 
the  fact  that  the  adunuistratiou  of  tyrosine  to  alcuptonu  patients 
increases  the  amount  of  bomogcutisic  acid.  This  acid  differs  from 
tyrcxiinc  in  that  tlie  hydroxy  group  and  the  acetic  acid  radicle  are  not 
in  the  para  positions  to  each  other,  so  that  to  understand  the  formation 
of  homogentisic  acid  from  tyrosine  it  must  be  sm'misod  that  a  rear- 
rangement of  the  hydroxy  groups  takes  place.  This  will  be  obvious  from 
the  following  formulie: 


C— CH  — CHNH  — COOH          C— CH  —0000         0~OH  — CHNB  — COOB 
fiC         CH                                 110          OOH            UC          CU 

BO         (Jh                             hoc         CH             H(!         CH                        ■ 

^dil                             '^c^                 V,                     1 

8,  hy<  rosvphMiyl- 
prupjonie  acid. 

HoBX>geDtialc  ictd.        I'tivnj)  •Iiuuj»                      H 

S.  5,  dihydraxyphenjrl  »c«ti«                                               ^M 

add.                                                                     ^1 

A  amilar  tranefonnation  has,  however,  been  observed  by  Hamberger 
and  others,  showing  that  such  rearrangements  are  not  uncommon  and 
that  they  are  due,  probably,  to  the  intermediate  appearance  of  quino- 
noid  derivatives  formed  by  oxidation.    Nenbaaer*8  explanation  of  the 
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formation  of  homogentisic  acid  inclndes  this  explanation  and  is  illus- 
trated as  follows: 

C— CH  — CHNH  — COOH           C— CH^— CO— COOH 

HC          CH                                 HC          CH 

HO          CH                                 HO          CH 

UOH                                             OOH 

para-oxfphenyl  pynirio 

Tyrosine.                                             acid. 

OH 

I 

C— CH^— CO— COOH 

HC           CH 

Quinonoid  form. 

OH 

1 

OH 

1 

1 
C 

HC           C— CH^— CO— COOH             HC           O-CH^— COOH  +  CO^ 

III                                                                                                                         III 

ni       1!h 

^C^H 

2,5  dihydroxyphenyl 
acid. 

-—                   HC           CH 

Homogentisic  acid, 
pyruvic          2.5  diliydroxy phenyl  acetic 
acid. 

Homogentisic  acid  is  possibly  a  normal  product  of  tyrosine  oxidation, 
which  is  usually  further  oxidized.  On  the  other  hand,  it  is  possible  that 
it  is  usually  formed  only  in  small  amounts,  and  that  normally  most  of 
the  oxidation  goes  either  directly  from  the  quinonoid  to  the  further  de- 
composition of  the  tyrosine  and  relatively  little  is  first  carried  over  to 
homogentisic  acid,  or  it  does  not  go  through  the  quinonoid  form  at  all. 
Dakin  found  that  when  para-methyl-phenyl  alanine  and  para-metho:^- 
phenyl  alanine  were  administered  to  alcaptonurica  they  did  not  go  over 
into  homogentisic-acid  derivatives,  but  were  completely  oxidized.  These 
substances  cannot  form  the  quinonoid  intermediate  products.  From  this 
it  would  appear  more  probable  that  the  quinonoid  form  was  not  usually 
gone  through  in  the  oxidation  of  tyrosine,  but  that  most  of  the  oxidation 
went  directly  from  the  dihydroxy  acid. 

Formation  of  acetoacetic  acid.  Acetoacetic  acid,  CH3.CO.CH2. 
COOH,  is  formed  by  the  oxidation  of  butyric  acid  and  is  nearly  the  final 
stage  in  the  oxidation  of  the  fatty  acids.  It  is  a  substance  of  very  great 
interest  because  of  its  appearance  in  the  urine  in  diabetes  and  under 
various  other  circumstances.  It  is  also  a  very  reactive  substance  and 
acetoacetic  esters  form  the  starting  point  of  some  of  the  most  funda- 
mental syntheses  of  organic  cliemistry.  It  is  extremely  interesting  that 
acetoacetic  acid  is  produced,  also,  from  the  proteins  and  from  several 
amino-acids.  It  has  been  shown  by  Dakin  to  be  formed  by  the  oxida- 
tion of  tyrosine  and  phenyl  alanine.    In  this  case  two  of  the  carbons 
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of  the  acetoacetic  acid  are  derived  from  the  benzene  nuoleofl  of  the 
aromatic  acids.  The  researches  of  Ja£f6  show  that  when  benzene  is 
given  to  dogs  small  amounts  of  muconic  acid  may  be  isolated  from  the 
urine,  thus  showing  that  the  benzene  ring  is  broken  in  the  coarse  of 
metabolism.    The  reaction  is  as  follows: 


OE 

COOH 

^\ 

\ 

HC          CH 

HOOC           CH 

hA       'Ah 

hA    yn 

^0^ 

^d^ 

Benzene. 

Muconic  acid. 

Dakin  gives  the  following  scheme  for  the  possible  formation  of 
acetoacetic  acid  from  phenyl  alanine: 


COOH 

I 
CHNH^ 

c 

HC  CH 

II  I 

HC  CH 

\^ 

Phenylalanine. 


COOH 

I 
CO 

I 

CH, 

—        c        — 
/% 

HC  CH 

II  I 

HC  CH 

\i 

Phenylpyruvic  acid. 


COOH 

I 
CO 

I 

OH. 

c=  - 


CH 

II-- 
CH 


COOH 


r- 

c  = 

I 

CH 


CH 

II 
CH 

I 

HC=: 

Open  chain 

plicnylpyruvic 

acid. 


cn 

I 
CH 

II 
CH 

I 
HC  = 


COOH 

I 
CH. 

CO 

I 

CH. 


Acetoacetic  acid. 
CO. 


H,0 


The  formation  of  acetoacetic  acid  from  hiatidine  has  already  been 
mentioned. 

Decomposition  of  arginine.  The  easiest  and  most  direct  decomposi- 
tion of  arginine  is  the  splitting  off  of  urea  from  it  by  the  action  of  the 
enzyme,  arginase,  found  in  the  liver  and  various  other  tissues  by  Kossel 
and  Dakin:  < 

KHj— C— NH— CHj— CH^—  CH,  — CHNH^— COOH -f- H  0 '■■ 

NH  ^^«'°'°'- 

CO  ( NH^ )  ^  +  NH^  CHj— CH^—  CH  —CHNH j— COOH 
Urea.  OrniUiine. 
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Tbe  furllicr  fate  of  the  omitlitnc  and  the  arginiac  is  unknown.  The 
possibility  that  creatine  may  resttU  from  the  lutermediate  formation 
of  eruiuiidiiie  butyric  acid  has  already  been  discussed  oa  page  712 
ill  coonection  with  the  origin  of  creatine.  Thci'e  if)  no  satisfactory  evi- 
dence that  arginine  forms  creatine  in  tliLs  way  in  the  body,  althougli 
it  is  not  improbable.  The  further  fate  of  tliis  most  interesting  sub- 
stance should  be  studied.  Its  close  relation  to  the  cell  nacleus  in 
protamine  makes  its  fate  of  particular  interest  In  the  urine  of  Bomo 
people  having  an  abnormal  secretion  of  cystine,  in  cystinuria,  Ban- 
maou  found  unusual  quantities  of  the  ptomaines,  mdavertHe  and 
outrescine.  These  bodies  almost  certainty  come  from  the  amino-acids 
lysine,  argininc  and  omitliino  by  n  proocss  of  decarboxylizaiion: 

NHj.CHj.CHj.CHj.CHj.CHNH^.COOH  =  NH^CH^.CH^.CHj.CHj.CU  NH^    +    CX)^ 


OraithiDc 


(CadavBTine ) . 
NH^.Cn^.cn^.  CU  .CHjNHj 
Ti- 1  ruii«  t])3ieni>d  I  mm  i  ni; 
(Putreadne}. 


+    CO, 


It  is  unlikely  tJiat  more  than  a  small  part  of  the  argininc  or  lysine  decom- 
position nonnally  takes  this  direction. 

Sxilphur  metabolism  of  the  body. — Decomposition  of  cystine.  Wliile 
the  attention  of  phj-aiologisls  and  physiological  chemists  bas  beeu  directed 
in  the  main  to  nitrogen  in  connection  with  protein  metabolism,  the 
possible  role  of  sulphur  which  makes  a  part,  albeit  but  a  small  part, 
of  the  protein  molecule  has  of  recent  years  come  more  into  the  fore- 
ground. Npftfly  all  the  proteins  of  the  body,  both  the  living  proteins 
and  those  of  the  circulating  liquids,  contain  a  small  amount  of  sulphur 
and  this  sulpbor  is  in  an  unoxidized  form.  It  is  in  the  form  of  sulphide 
sulphur.  Most  proteins  contain  from  1-2  per  cent,  of  tliis  sulphur.  It 
occurs  ia  the  protein  molecule  either  in  cystine  or  cysteine  and  possibly 
ID  some  other  similar  acids,  although  no  others  have  been  posit  ivply 
identified. 

The  sulphur  income  of  the  body  is  almost  altogether  in  the  form 
of  the  sulphur  of  the  proteins.  Some  of  the  foods,  indeed  the  majority 
of  them,  contain  small  amounts  of  sulphates,  but  these  sulphates  do 
not,  so  far  as  ne  know,  cuter  into  the  living  matter  of  ttie  body,  although 
in  small  amounla  they  ar^  to  be  found  there.  The  per  cent,  of  sulphate 
in  the  blood  and  tissues  is  small.  It  is  not  certain  that  sulphur  taken 
in  the  form  of  sulphate  is  reduced  in  the  body.  It  is  more  probable  that 
it  remains  oxidized  and  while  it  may  contribute  something  to  the  forma- 
tion of  the  paired  sulphates  of  the  urine,  even  this  is  uncertain.  There 
ia  taken  uu  the  average  about  110  grams  of  protein  |)er  day.     In 
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^Slfun,  sulphur  makes  about  1.2  per  cent  This  wonid  mean 
X^  'grams  of  sulphur  income  p«r  day  in  the  form  of  unoxidized 
sulphur. 

Sulphur  loaves  Uie  body  for  the  most  part  in  the  form  of  oxidized 
sulphur.  The  amount  of  sulphuric  acid  excreted  per  day  is  about  2.5 
grams.  This  is  excreted  as  the  sodium  or  potassium  salt,  principally  the 
first.  About  two-thirds  of  I  he  sulphur  leaves  in  this  forta.  The  other 
ooe-Uiird  is  excreted  for  the  most  part  as  so-called  neutral  sulphur  in  the 
form  of  conjugated  sulphates,  beiug  united  with  indole,  scalole,  cresol, 
or  phenol,  as  the  case  may  be.  There  is  also  present  a  small  amount 
of  unoxidized  sulphur,  consistine*  of  cystine,  or  polypeptides  coiitaiuiog 
cystine,  or  some  other  sulphur  compound. 

In  the  intermeiliary  metabolism  of  the  body,  that  is  the  metabolism 
of  the  tissue,  sulphur  probably  plays  a  very  important  r6ie.  This  is 
shown  not  only  by  the  fact  that  it  is  absolutely  neceasary  for  the  con- 
tinued existence  of  the  body,  as  necessary  as  nitrogen  or  any  of  tlie 
other  elements,  but  also  by  the  fact  that  it  is  one  of  the  most  labile  ele- 
ments of  the  protein  molecule,  No  other  element  is  split  off  from  the 
proteins  with  greater  ease  than  this.  It  is,  indeed,  the  labile  element 
par  excellence.  Moreover  cysteine,  which  is  one  of  the  amino-acida, 
readily  oxidizes  itself.  It  is  a  reducing  body.  It  oxidizes  spontane- 
ously and  there  are  many  points  in  its  oxidation  which  strongly 
resemble  Ihe.  prix'esxes  of  respiration.  Thus  the  most  favorable  couuen- 
tration  of  hydrogi^n  ion.s  for  tlie  oxidation  of  cysteine  is  the  same  as  that 
ill  protopla.<mi;  both  cysteine  and  protopIa!«m  are  poisoned  by  many  of 
the  same  substances,  such  as  the  nitrites,  the  cyanides,  acids,  and  the 
licury  metals ;  (heir  oxidations  arc  catalyzed  or  hastened  in  the  same 
manner  by  iron,  arsenic  and  some  other  agents.  For  these  reasons  it  has 
been  suggested  by  Hefter  and  the  author  that  there  is  more  than  a 
SQperiicial  connectioo  betveen  tlte  oxidation  of  cysteine  and  the  respi- 
ration of  the  cell. 

If  we  try  to  follow  the  course  of  the  absorbed  protein  sulphur 
through  the  body,  we  find  that  the  fate  of  the  cystine  set  free  from 
the  proteins  by  the  digestive  action  of  trypsin  and  erepsin  is  not  knowq 
in  all  its  details.  Some  is  decomposed  by  the  bacteria  of  the  alimentary 
tract,  forming  hydrogen  sulphide,  a  toxic  and  illsmetling  gas,  which, 
when  absorbed  in  quantities,  dissolves  red  blood  corpuscles  and  con- 
tributes, no  doubt,  to  anemia;  some  cystine  is  probably  absorbed  as 
such.  In  the  liver  there  n  a  quantity  of  taurine  in  taurochoUc  acid. 
Taurine  is  prorhiped  from  cyBtine,  or  rather  from  cysteine,  by  a  car- 
boxylic  decomposition.  Perhaps  thiocthyl  aroiue  may  be  formed  first 
and  then  the  sniphnr  oxidized  to  sulphuric  acid,  or  oxidation  may  occur 
first  and  decarboxilation  second. 
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HS— CH|— CHNH^— COOH 

Cjtltlne. 


HS— CH  — CFjNHj     -I-    CO^ 

TliloGthyl  amine. 


HS—CH^— CHNHj— COOH    +    30     =   HO^S— CH^— CHNH^— COOH 
C^at«iu«. 
HO^S— CH^— CHNHj— O00H=;HO^8— Oij— CH^KH^     +    CO, 

Tnuriii«. 

A  portion  of  the  cysteine  probably  passes  the  liver  and  is  picked  out 
by  tho  tissues  of  the  body.  It  miist  circulate  iu  th'e  blood  as  cystine, 
since  it  would  at  once  be  converted  to  cystine  by  tJic  oxygen  of  the  blood. 
When  it  enters  the  cells  of  the  tJEsucs  it  is  probably,  in  part,  built  op 
into  the  proteins  of  the  tissue:  in  part  it  is  probably  carried  over  into 
taurine  .since  lanrine  is  found  in  a  great  variety  of  tissues.  It  is  an 
abundant  constituent  of  the  extractives  of  moUusean  muscle,  particu- 
larly of  the  niuaclea  of  cephalopods;  it  is  found  also  in  the  mammalian 
brain  and  indeed  there  arc  few  tissues  without  some.  Whether  all  the 
decomposition  of  cystiue  t&kets  place  through  taurine  is  unknown. 
Possibly  a  doaniidiZratiou  may  ocuur,  leading  to  a  kctonic  acid,  but  no 
such  compound  has  as  yet  been  found.  When  cyanides  or  nilriles  are 
given  to  mammals  IJicy  appear  in  the  urine  in  the  form  of  sulpho- 
i^anatce,  from  which  it  may  be  inferred  that  they  unite  in  the  cell 
with  the  unoxidized  sulphur,  which  in  some  way  they  cause  to  be  de- 
tached. This  union  with  sulphur  does  not  seem  to  occur  in  birds.  Prom 
the  fact  that  the  cyauid&s  have  such  a  remarUable  inhibiting  effect  on 
respiration  it  bos  been  inferred  by  souic  tliat  sulphur  must  be  very 
important  in  respiration. 

It  occasionally  happens  that  some  individuals  excrete  raoiv  cystine 
than  normal.  They  have  a  cystinuria.  This  cystine  comes  from  the 
tissues  of  Iho  body,  since  cystine  given  in  the  food  does  not  increase  the 
amount  excreted  under  such  conditions.  The  cause  of  this  metabolic 
anomaly  is  still  completely  unknown,  but  it  may  be  due  to  a  great 
hydrolysis  of  some  of  the  proteins  of  the  body,  sine*  tliere  often  are 
found  in  such  cases  more  than  the  normal  amouuts  of  the  otJicr  araino- 
acids,  such  as  tyrosine  and  leucine,  and  since  the  bases,  cadaverine  and 
pntrcscinc,  may  occur  in  the  urine  at  tliat  time. 

Cystine  was  first  discovered,  aa  its  name  implies  {ktjstis,  bladder)  in 
bladder  stones,  which  often  contain  cyslina  or  are  composed  of  it.  Tlia 
meaning  of  the  excretion  of  this  substance  was  long  obscure  and  it  u 
worth  while  to  examine  how  information  was  obtained  that  C3'stine  was 
a  normal  product  of  the  body  metabolism,  since  the  method  employed 
for  the  solution  of  the  problem  was  a  general  one  and  often  used  for 
the  solution  of  similar  problems.  The  question  was  whether  the  cystine 
which  appeared  at  times  in  the  nrinc  was  a  normal  constituent  of  t%o 
body  metabolism,  usually  present  in  very  small  amounts,  but  now  in- 
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creased,  or  whether  it  represented  a  wholl;}-  new  and  strange  metabalism. 
This  problem  was  ai;ltlc<l  by  Baumann,  who  at  the  same  lime  introduced 
a  very  valuable  mctliod  for  the  study  of  the  intermediary  mctabolisiD 
of  the  body. 

In  the  course  of  metaholism  many  substaneee  of  a  very  unstable 
nature  are  produced.  Tliey  have  a  Ter>'  temporary  esistence,  since, 
being  unstable,  they  are  normally  quickly  oxidized  and  wo  can  only 
guess  at  tlieir  existence,  or  infer  from  general  principles  that  they 
may  be  formed.  Now  it  is  exactly  these  intermediary  subgtanecs  which 
are  of  the  greatest  importance  in  metabolism.  From  one  such  aubstauce 
it  is  often  possible  by  taking  slightly  different  courses  to  go  to  several 
different  end  producta;  and  we  must  know  what  tJiese  substances  are 
in  order  to  understand  the  nature  of  tlte  metaboliaiu  of  any  single  sub- 
stance. One  way  of  finding  out  what  these  substances  are  is  by  com- 
bining them  with  something  so  ns  to  make  them  stable  and  thus  cause 
them  to  escape,  or  1o  pass  unspathed  through  the  Sre  of  motaboliam, 
coming  like  Sbadrach,  Me-sbach  and  Abedoego  to  testify  to  the  truth  or 
falsity  of  our  faith.  Baumann  discovered  that  cysteine  was  such  an 
intermediary  metabolic  product.  He  found  that  when  brom-  or  cblor* 
benzene  was  given  to  dogs  there  appeared  in  the  urine  a  very  remark- 
able complex,  namely,  bromphenyl-mereapturic-glyeuronio  acid.  In 
this  eomplcx  was  cysteine.  The  compositioD  of  this  mcrcnpturic  acid 
was  as  follows : 

B  rH^C^— S— CH^— CH— COOH 

KH— CO— CHj 
BrnmiiljPiiyltiiPrcnptiiTic  ncid 
(Br<fmplieiiTlnwty!<7et«ins). 

The  bromphcnyl  had  united  with  the  sulphur  of  a  sulphur  complex 
which  was  acetylatcd  and  appeared  then  conjugated  with  glj'curonic 
acid,  nere  we  have,  in  this  complex,  three  substances  of  intermediary 
metabolism:  cysletuc,  acetic  acid  and  glycuronic  acid.  The  acetylafioTi 
has  already  been  discussed.  It  may  come  from  the  union  of  am* 
monia  with  a  molecule  of  pyruvic  acid  and  possibly  a  molecule  of  the 
ketone  acid,  corresponding  to  cysteine,  namely: 


nS-CH^— CO— COOH 

ThiopjTTiTic  Mid, 

reaction  might  take  this  course: 

HS— CHj— CO— COOH 

HS— CH,— CH— OOOH 

+ 

+ 
CH^CO— COOH 

1 

1 

CO— CH^ 

-f    00,  +  H,0 

A 
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Tbis  diseoveiy  prdv«d  l]iat.  cyKte'me,  which  did  not  appear  at  all  in  dog's 
urine,  or  was  not  reoofirntzed  at  that  time,  hut  which  did  appear  as  csrstinc 
in  certain  cases,  was  a  normal  intermediary  product  of  metJibolism. 

We  do  not  know  the  method  of  the  decomposition  of  cystine  in 
tlie  nietaholism  of  the  various  tissaes.  la  the  snlpbar  oE  cysteioe 
oxidized  while  the  Inttcr  is  still  a  component  of  the  protein  molecule, 
giving  a  sulphuric-acid  group  attached  to  the  protein  f  Can  it  be  for 
this  reason  that  so  small  a  proportion  of  the  total  sulphur  of  most  pro- 
teins is  to  be  recovered  in  the  form  of  eysteinot  (Sec  page  151.)  Is  the 
sulphur  split  off  as  sulphureted  hydrogen,  which  is  later  oxidized  to 
sulphuric  acid,  the  cysteine  persisting  as  serine  T  Or  is  the  cysteine  spill 
out  of  the  protein  rnolec:ule  by  the  action  of  autolytic  enzymos,  then 
losing  carbon  dioxide  and  wil-h  the  sulphur  oxidized  to  sulphuric  acid, 
gi\'ing  taurinef  These  questions  arc  not  yet  answered.  One  thing  at 
Icnst  is  cerlaii),  namely,  that  in  human  beings  mo«3t  of  the  sulphur  is 
oxidized  to  suiphurie  acid  before  its  excretion,  four-flfths  of  it  at  least 
leaving  the  body  in  the  oxidized  form.  It  is,  in  fact,  in  largo  mcaffure 
owing  lo  the  sulphuric  acid  formed  in  the  course  of  protein  oxidation  that 
tlie  urine  of  carnivoroiui  animals  is  acid  In  reaction.  Moreover,  this  oxi- 
dation takes  place  an>'where  in  the  tissues. 

The  excretion  of  sulphuric  aiM<I  is  largest  on  a  meat  diet  anil 
the  proportion  of  oxidized  sulphur  is  also  largest.  The  excroUon  of 
sulphur  on  a  cream  and  starch  dJot  is  much  reduced  add  its  dis- 
tribution in  the  urine  is  changed,  a  larger  proporltOQ  appearing  as 
nnoxidized  sulphur.  This  would  indicate  ilial  cysteine  or  cystine  of 
the  diet  is  either  largely  decomposed  in  the  alimentary  canal, 
or  that  a  great  proportion  of  it  is  changed  in  the  liver  to  taurine  or 
siUphuHc  ueid ;  whercits  that  set  fn-t^  in  the  tissues  is  relatively  less 
oxidised  and  hence  more  of  it  CNcapei)  in  the  nrine 

The  sulphur  compounds  arc  often  iU-smcUing.  The  active  principle 
of  tlic  odoriferous  glnud  of  the  skunk  is  n-butyl  mereaptuie,  C,H,SH. 
Ethyl  sulphide  is  found  in  dog's  urine.  lis  origin  is  unknown.  Neu- 
hauor  ohservctl  that  on  fcwlitig  ethyl  sulphide  to  dogs  it  was  methylated 
and  excreted  as  dictliylmelhyl-jiiilphouium  hydrate.  Oil, — SOH=^ 
(C,H,)..  Altyl  sulphide  and  other  unoxidijcei]  sulphnr-rontaining  com- 
pounds are  found  in  muxlord  oil  and  in  many  othiT  plants,  i.e.,  oil  of 
garlic.  Kthyl  racn;ap1anc,  C.IliSEI,  smells  ver>'  had.  but  the  diethyl 
sulphide,  when  pure,  has  an  ethereal  odor.  "When  impure  ila  odor  ia 
disagreeable.  TIic  source  of  these  compounds  in  animal  metabolism  is 
BtiU  uncertain.  Presumably  they  are  derivatives  of  cysteine.  "WTien 
sulphur  is  thus  combined  with  alkyl  radicles  it  has  a  strongly  basic 
rhamcter,  so  that  diethyl  methyl -sulphonium  hydrate,  just  mentioned,  ii 
o  strong  ba»c. 
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H   H    H    H 
CA\  I      l.I      I 

fl  II— 0— c— c— c— sn 

c.H,^  I     I     I     I 

Etli;l  salpbMe.  II   H    H    H 

N-biit.Tl  merntptanp 

In  dogs  n  great  part  of  the  sulphur  fed  as  cyslinc  appears  in  the 
urine  as  sulpliurie  acid,  but  a  part  also,  as  thiosulphate,  which  indicates 
that    thiosolphuric    acid,    H — S — OH,    is    an    intermediate    product. 

O 
This  is  confirmed  hy  the  fact  that  in  rabbits  taurine,  taken  by  the 
muulli,  appeal's,  for  the  moKt  jmrt,  as  thiosulphate  in  the  urine.     In 
human  beings  taurine  is  excreted  in  part  as  taurocarbamic  acid. 

OU 

NH^— CO-^NH— CH^— CUj— S  =  O 

0 

TaurtrcArbamio  &«Id 
This  is  another  example  of  the  carbamino  reaction  in  the  body.  The 
formation  of  thioaulphuric  aeid  would  require  a  reduction.  It  is  not 
improbable  that  it  is  this  Ihio  aeid  which  nnites  with  the  cyanides  and 
nitrilt*  iu  mammals  to  form  sulphocyanal^s.  Many  bacteria,  the  so- 
called  Kulphur  bacteria,  have  the  power  of  reducing  sulphates  to  aul- 
pbides.  Nothing  appears  to  be  Ituown  about  the  sulphur  metabolism 
of  birds. 

Ethereal  sulphates.  The  quantity  of  ethereal  fiulphatc  in  the  urinn  of 
men  in  24  hours  is  widely  variable,  v.  d.  "Welden  gives  the  limits  of 
0.0D4-0.620  gram.  Sulphurie  aeid  ia  uaed  by  the  organism  to  pair  with, 
and  tlius  render  less  tnxie,  various  aromaiie  deeompositiou  products, 
most  of  thera  intestinal  putrefactive  produets  of  the  proteins.  These 
componnds  arc  called  cJhereal.  or  {•nnjiignted  sulpbales.  They  are  in 
reality  ditcrs  of  phenol,  crvtiol,  param^ol,  isratolc  and  indole.  All  of 
these  are  tJic  products  of  1he  putnifactive  dBcompoHition  of  tyrosine. 
tryptophane  and  phenyl  alanine,  and  fiince  this  putrefaction  lakes  place 
^nerally  in  the  intestine  the  amount  of  the  conjugated  sulphates,  or  the 
amount  of  ethereal  sulphuric  acid,  is  an  indieatiou,  although  not  a  very 
good  one,  of  the  degree  of  intestinal  putrefaction.  The  putrefaction 
may,  however,  take  place  elsewhere  in  tJie  body,  and  putrefying  and 
decompoNiiig  pus  in  old  abscesses  will  also  crhkc  an  increaHe  in  these 
bodies  in  the  urine. 

On  the  other  hand,  the  elimination  of  ethereal  sulphate  can  be 
greatly  reduced  by  giving  calomel  or  by  reducing  the  protein  diet,  or  by 
any  other  method  which  reduces  intestinal  putrefaction.  Some  proteins, 
for  example  casein,  contain  a  great  deal  more  tryptophane  than  other?, 
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BO  that  the  amount  of  ethereal  sulphate  will  depend,  too,  on  the  char- 
acter of  the  protein  of  the  food,  as  well  as  upon  its  amount 

Benzene  is  itseU  a  nearly  inert  substance,  but  by  oxidation  in  tho 
body  it  is  converted  into  the  reactive,  unstable,  toxic,  convulsant  phenol 
or  carbolic  acid.  Fortunately  phenol  pairs  very  readily  with  sulphuric 
acid.  In  the  human  organism  it  appears  to  encounter  m08t  fre^iiientlj 
sulphuric  and  glycuroiue  acids,  with  which  it  unites  to  form  a  non- 
toxic stable  compound  eliminated  in  the  urine.  Tlie  place  in  which  this 
pairing  occurs  is  probably  the  liver. 

Synthesis  of  atnino-acids  in  the  animal  body. — All  plants  have 
the  power  of  syntticsiung  the  amino-aeids  from  ammonia  and  the 
produtita  of  carbohydrate  fermentation.  Have  uuimal  ccllii  the  same 
power  or  must  they  be  fed  on  amino-ocids  already  formed  V  This  is 
obviously  a  very  important  question.  A  few  years  ago  it  was  be- 
lieved that  animal  cells  difTcred  from  plant  primarily  in  their  powers 
of  synthesis,  animal  cells  being  chiefly  eatabolic  ami  plant  cells  uuabolie. 
Further  experience  has  served  to  correct  that  view.  We  now  know  that 
animal  colls  are  able  to  synthesize  carbohydrates  from  vci->-  simple  sub- 
stances, possibly  even  from  formaldehyde,  and  almost  vertaiuly  from 
glycolaldehydc ;  thc^  can  moke  fats  from  carbohydrates;  nucleic  acid 
from  oon-nuolcin  material;  and  in  fact  bring  about  a  great  many  other 
syntheses  so  that  animal  cells  certainly  lack  little  ot  the  powers  of  syn- 
thesis  possessed  by  plants.  Nevertheless  the  great  fact  remains  that 
plants  are  able  to  nourish  themselves  from  very  simple  sources  of  nitro- 
gen, such  aa  ammonia  and  nitrates  ur  asparaginc,  urtiereas  animals 
require,  or  at  any  rate  cat,  ready-made  proteins.  IL  may  be  obacrved, 
ill  passing,  that  the  synlhctiu  power  of  plants  d(Ks  not  depend  directly 
upon  chlorophyll  or  light,  since  moulds  and  bacteria  are  able  to  coDStrnct 
their  own  particular  kinds  of  proteins,  which  possess  all  the  various 
sorts  of  amino-seids,  from  a  single  source  of  nitrogen,  such  as  asparagine, 
if  they  at  tJie  same  time  have  carbohydrate  food.  These  plants  contain 
no  chlorophyll.  The  problem  of  how  far  animals  have  the  power  of 
making  amiuo-acids  has  been  attacked  in  various  ways.  Experiment 
has  shnwn  that  at  least  glyeocoll  can  he  syntht-siKCtl  in  lurgi;  amounts 
in  the  animal  body.  If  benzoic  acid  is  fed  mammals  it  leaves  the  body 
chiefly  in  the  form  of  hippiiric  acid,  having  united  with  e:lycocoll  some- 
where in  the  body.  It  has  been  found  by  giving  large  amounts  of  benzoic 
add  that  herbivora  have  the  power  of  supplying  glycocoll  in  far  larger 
amount  than  is  present  in  the  proteins  of  the  body.  The  solution  of  the 
question  whether  the  other  amino-acids  can  W  formed  has  been  songht 
by  feeding  proteins  which  lack  some  specific  amino-acid.  Theoe  experi- 
ments have  generally  been  tried  on  young  rats,  since  thrse  animals  grow 
vet7  rapidly  and  arc  easy  to  keep.    It  was  found  by  Hopkins,  and  Hen- 
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del  and  Osborne,  that  young  rats  wonid  grow  and  develop  uormalty 
when  fed  on  a  ration  of  butter  fat,  lard,  some  carbohydrate,  such  B&lta 
as  are  preaent  in  nailk,  and  with  a  single  pure  prot«in  added,  prOYidod 
that  protein  had  in  it  the  various  anuno-acids  found  in  the  body.  Thus 
casein,  cdestin,  serum  albumin,  were  each  sufficient  to  supply  Iho  protein 
needs.  But  if  zc'm  was  the  only  protein  in  the  diet,  then  the  rats  would 
not  continue  to  grow,  or  indeed  to  live  for  long.  Zein  lacks  both 
lysine  and  tryptophane.  If  these  were  added  to  the  zein.  then  the  diet 
became  sufficient.  We  have  already  seen  that  gelatin  is  not  in  itself 
able  to  supply  the  whole  of  the  protein  requirement  of  the  human  body, 
and  gelatin  lacks  both  tyrosine  aud  tryptophane.  It  was  found  also 
in  the  course  of  the  experimentation  that  tJie  amount  of  protein  which 
it  was  necesRarj'  to  add  to  the  diet  for  the  purposes  oE  maintenanee  of 
the  body  weight  or  growth  differed  in  different  proteins.  The  minimum 
amount  necessary  appeared  to  be  determined  by  the  amount  of  some 
amino-acid  which  was  required  by  the  body  and  which  was  present  in 
small  amounts.  In  some  proteins  it  was  cystine  which  set  the  minimum; 
it  was  necessary  to  supply  a  certain  amount  of  cystine  per  day  and 
enough  protein  had  to  be  fed  to  supply  this  amount  of  c^'stine.  This 
emphasizes  the  point,  made  some  time  ago,  that  it  is  not  protein  as  such 
but  amino-acidn  which  Ihe  body  requires.  It  appears  from  these  experi- 
ments that  (-hfwe  animals,  at  any  rate,  cannot  make  sufflcient  tryptophane, 
tyrosine,  lysine  and  (cystine  to  supply  their  needs,  but  that  these  amino- 
acids  must  he  present  in  the  diet.  This  important  field  of  investigation 
has  jn.st  been  opened  and  much  more  work  must  be  done  before  we 
shall  know  how  far  different  animals  can  sj-nthesize  different  amino- 
acids.  It  is  possible  that  the  bacteria  in  the  intestine  m&y  be  playing  a 
very  important  part  in  this  process  ^  they  can  synthesize  many  different 
amino-aoids  from  a  ftiogle  one.  By  digestion  these  amino-acids  might  be 
set  free  and  made  available  to  the  body,  and  thus  the  bacteria  might  be 
of  considerable  use  to  us.  Perhaps  the  preliminary  transformation  of 
some  of  the  amino-arids  to  amines  by  the  Intestinal  bacteria  may  also  be 
of  value  in  the  fonnation  of  certain  hormones. 

The  formation  of  amino-acids  from  kftonic  acids.  A  very  hinda- 
mental  fact  was  discovered  by  Knoop.  Not  only  have  animals  tiie 
power  of  converting  aminoacids  into  kctonic  acids,  and  some  of  these 
latter  into  carbohydrates  and  indirectly  into  fats,  but  the  reverse  process 
is  also  possible.  Out  of  earbohydrates  ketonic  acids  are  formed  and 
the  ammonia  salts  of  the.te  acids  may,  in  some  instAnccs  at  any  rate,  be 
converted  into  amino-acids  by  reduction.  Thus  from  ammonia  and 
carbohydrate  the  body  may  have  the  power  of  making  its  proteins.  It 
is  not  by  any  means  poiwibic,  however,  to  cover  all  its  protein  needs  by 
this  reaction  and  it  is  doubtful  how  exteaalve  this  process  may  be  in 
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the  Uiiiuul  bo<)>'.  Thcns  is  no  doubt  that  tite  Hwr,  and  possibly  otlior 
tissues  as  well,  may  carry  out  this  synthesis  which  occurs  probably  in 
nearly  all  plant  tissues. 

The  reaction  is  the  reverse  of  tliat  for  the  forinaUon  of  kotonic  a^ids 
and  probably  goi'ti  Uirmigh  the  imino  stage: 
CH  — CO— COOH  +  NH    =  CH  — C— OOOB  +  H  0  CH  — CHNH  — COOH 

NH 

PyniTic  HcM.  IminopropEonie. 

This  reaction  being  a  reduction  rcaetion  consumes  energy,  it  is  endo- 
thcrmic  It  may  occur  by  th«  utilization  of  some  of  the  energy  set  free 
by  the  oxidation  of  the  system  of  whicli  it  is  part  Another  way  in  which 
the  reaction  loight  go  is  by  means  of  acctj'lntion.  It  will  be  reealled 
that  when  brombouzol  is  given  dogs  it  is  excreted  in  part  as  an  aoety- 
lated  derivative  of  cysteine  and  glycuronic  acid.  Acetylation  of  amino- 
acids  is  not  uuusual  in  the  animal  body.  Knoop  found  that  the  phenyl- 
ir-kctobutyric  acid  was  excreted  as  tbe  acetylated -amino  butyric  acid.  It 
has  been  suf^^cst^d  (Knoop)  Uiat  the  acetylation  is  brought  about  by  a 
process  analogous  to  the  Canizzoro  reaction.  If  pyruvic  acid  and 
anunonium  carbonate  internet  there  is  a  rise  of  temperature,  Ihe  whole 
reaction  is  exolhermie  and  aeetylalanine  and  CO,  are  produced. 


CB,— CO— COOH 


CH^— CO— COOH 
Pyruvic  ftdd, 


+NH^ 


CHj— CH— COOH 


NH 

I 
CH^— CO 

.Aortal  ■InniiM. 


+    00,  +  H,0 


: 


It  is  not  improbable  that  the  acctylations  in  the  body  are  thus  produced 
from  pyruvic  acid  and  ammonia.  In  this  ease  it  will  be  noticed  that  one 
molecule  of  pyruvic  acid  is  oxidized  by  tlie  other.  The  total  energy  of 
thi!  system  is  reduced,  but  the  ener^'  of  one  molecule  of  alanine  is 
greater  than  of  one  molecule  of  pynivic  acid.  It  is  clear  from  this 
that  (he  amount  of  energy  set  free  by  the  splitting  off  by  oxidation  of 
one  carboxyl  from  the  chain  of  carbon  atoms  is  greater  than  the  amount 
set  free  by  the  fonnatioa  of  tlio  kotonic  acid  by  o-KidatioQ  from  the 
amino-acid. 
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Metabolism  during  starvation  and  under  various  conditions. — 
Whmi  the  tody  is  slai'viii^  or  supplied  wJlJi  insufficient  Dourishment  to 
cover  ilH  wcur  and  tear  and  energ)'  re<iuircnients,  tlie  tissues  are 
themselves  coiisumed,  althongh  to  a  very  different  degree  in  the  various 
organs.  A  eondition  of  temporary  starvation  must  liave  been  onp 
of  the  pommonest  vicissitudes  of  life  among  our  progenitors,  who 
probably  lived  very  raueli  as  the  Patagonian  savages  described  by 
Darwin.  Tlicse  savages  are  able  to  go  for  long  periods  n'itliont  food, 
arid  tlien  wben  tbey  find  a  stvanded  whale  or  some  other  abundant 
source  oE  food,  Ihcy  gorge  themselves  for  days  in  suceession.  It  is  only 
after  sgriculturc  was  cultivated  that  niau  began  to  be  superior  to  thest! 
acr^idt-nta  and  to  have  a  regular  and  even  food  supply.  These  periods 
of  fasting  having  probably  been  common,  it  is  not  surprising  that  wo 
find  that  the  body  has  a  mechanism  to  provide  for  them.  When  abun- 
dant food  is  eaten  it  is  stored  in  part,  and  during  fasting  these  Rlorcs 
are  drawn  upon.  Foods  are  stored  pre-eminently  as  lat,  and  priuei- 
pally  as  the  saturated  fats  in  the  great  fat  reservoirs  of  the  body. 
These  ri^scrvoirs  are  the  fat  tissues  under  the  skin,  the  paiiniculus 
adipusuM,  the  fat  about  the  intestines  and  internal  organs  and  in  the 
eonnct^tivo  tissue  about  the  heart  and  muscles  and  even  in  the  mascic 
pgIU  tlicmsolvcs.  The  brain  alone  of  all  the  organs  appears  to  be  free 
from  fat.  A  second  reserve  of  food,  but  one  of  far  less  importance  and 
weight,  is  Ihe  glycogen  which  is  stored  in  the  liver  and  muscles.  For 
the  protein  there  is  also  a  certain  amount  of  reserve,  since  the  muscles 
contain  a  small  amount  of  amino-acid  nitrogen  and  the  proteins  may 
be  increased  in  the  body  up  to  a  certain  point,  but  nothing  comparable 
tu  thai  of  the  fats  or  carbohydrates. 

The  first  effect  of  starvation,  or  fastiug,  is  to  act  free  these  reserve 
foods.  The  fats  arc  first  called  upon  to  supply  the  needs  of  tho  body 
for  energy  or  fuel.  In  fastiug  animals  the  adipose  tissue  almost 
entirely  disappears,  93-97  per  cent,  of  it  being  consumed.  Qlyoogen 
is  also  greatly  reduced,  hut  a  little  remains  in  the  liver  and  muscles 
even  in  a  very  advanced  state  of  starvation.  But  the  fals  and 
carbohydrates  cannot  supply  the  protein  decomposition  of  the  body,  and 


830 


rirvsioLOGicAi,  chemistry 


flinoo  tiiore  is  very  little  protein  reserve  it  is  necessary  for  the  bod7  to 
conserve  thia  iu  every  way  possible.  The  mechanisms  by  which  the 
nitrogen  is  consen-ed  in  the  body  are  still  somewhat  obscure,  but  we 
know  now  lliat  the  liody  liaH  HOine  power  at  least  of  resynthesizing  tlie 
smmoaia,  whii-h  may  linvc  bem  set  free,  into  Kome  amtno-at-idi;  which 
can  be  used  for  Iho  rosynlhesis  of  the  ppotein«.  When  futs  or  cnrbohy- 
dratas  are  eaten  or  drawn  from  the  body's  stores,  not  so  much  protein 
ia  decompoeed  as  when  they  are  absent.  We  say  accordingly  that  these 
substances  have  a  pmtein-apariH^  actiott.  Possibly  they  act  by  fiinxisb- 
ing  the  energy  for  the  resynthOHis  and  so  aid  the  rcleiitioti  of  the  amino- 
aeids;  perhaps  when  they  are  oxidizing  the  activity  of  aiitolytic  enzymes, 
which  may  attack  the  protein.  \k  reductnl ;  or  it  may  be  that  in  Komo 
other  way  they  chark  thu  excretion  of  nitrogen  and  the  destruction  of 
protein.  Certain  it  is  that  they  do  thus  act.  WTiatcver  the  explana- 
tion, it  is  found  that  in  8tar\'alion  the  nitrogen  output  ia  reduced  to 
a  minimum.  The  lowest  fipircH  reported  are  those  of  Cetti,  a  profea- 
sional  faster,  whose  N  output  on  the  251h  day  of  fasting  had  fallen  to 
a  little  more  than  2  grams,  and  Thomas  re<lueed  his  on  a  starch  and 
cream  diet  to  2.2  grams.  The  normal  excretion  is  approximately  12-16 
grams.  But  while  the  nitrogen  Iota  is  tlius  rMluced  to  a  minimum, 
the  total  calorifs  givt-n  off  by  Uic  body  per  kilo  body  weight  arc  not 
reduced  in  anything  like  the  same  proportion.  The  normal  output  of 
heat  from  a  human  adult,  when  very  little  active  muscular  work  is  done, 
is  about  33  calorics  per  kilo;  it  falls  on  fasting  to  about  30-32  calorics 
per  kilo. 

The  faet  that  the  nitrogen  excretion  ia  so  reduced  in  fasting  haa 
led  several  to  the  fonetiision  that  Uiis  repreiients  the  necessary  wear 
and  tear  of  the  liKsuas  and  the  normal  output,  which  is  usually  so  far  in 
excess  of  this,  is  due  to  a  Iuxuk  consinnptlon  of  protein.  Dut  thi.s  mini* 
mum  may  rathf^r  be  regarded  as  the  maximum  reduction  of  nttroeen 
waste  of  which  the  body  is  capable.  It  is  probable  that  this  is  the  best 
which  can  be  done  under  the  most  favorable  conditions.  It  is  quite  poA- 
sible  that  the  amount  of  protein  cataboUxed  is  far  greater  than  this,  hut 
that  the  nitrogen  ia  !iiaved  and  resynthesized  and  used  over  again,  the 
energy  for  the  resynthesis  coming  from  the  carbohydrates  or  fats.  It 
would  be  quite  erroneous  to  concludp,  as  is  somelimes  done,  that  of  the 
proteins  of  the  body  only  nn  amount  etiuivulent  to  this  2.5  grams  arc 
being  cataboliKcd  per  day.  It  is  at  least  possible  that  this  ft^irc  rcpre- 
seuta  only  the  amount  of  net  catabolism.  IIow  large  the  real  catabolism 
and  anabolism  may  actually  be  wo  have  at  present  no  means  of 
knowing. 

Daring  fasting  or  starvation  the  various  organs  of  the  body  lose 
weight    Human  beings  may  fast  so  that  their  body  weight  is  reduced 
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>ut  two-fifthfi  of  the  average  weight  and  fully  recover  from  the 

tasi.    Children,  however,  have  a  higher  metabolism  than  adiilto,  owing 

in  part  1o  their  greater  h(>at  loss,  as  the  surface  of  the  body  is  larger 

relative  lo  the  body  weight  in  them  th»n  in  adults,  and  in  part  to  the 

fact  that  their  proloplasm  is  also  younjrer  and  caloboliaes  faster.    They 

can  atarve  for  much  shorter  periods  wnthont  dying.    Tito  amount  of  Iosb 

of  weij:ht  of  the  different  organs  of  the  body  in  fasting  is  given  by  Voit 

for  a  male  eat  as  follows : 

AdIpoK  tlnne  . . .  V7%  Kidneys £0%         "Rnar*    14^ 

Splem 97  Skin    21  Ht-art    i 

Liv«r  ,  U  Jnt«8tina 18  Nltvou*  «>>tcm  . .      3 

TcsticlM   .--...  40  LuDgi   19 

MumIm  31  Paitcrvna 17 

Tlid  licart  and  nervous  system  resist  starvation  Inciter  than  any  other 
oreans.  Thoy  lose  hut  a  small  per  cent,  of  their  weight.  The  liver, 
which  stores  glycogen  and  fat;  the  spleen,  which  has  to  do  with  the 
blood  deHtnicIion  and  formation;  (ho  tpsliolps  and  the  raiiscles,  these 
besides  tlie  fat  are  most  redii''<*d.  It  is  lInMr  malerial  which  is  being 
used  for  the  metahnliRm  of  the  otlicr  tiaRues.  It  is  not  to  ho  supposed 
that  hceaiise  the  heart  and  the  nervous  syslem  lose  least  that  their 
metabolism  is  loss  than  llic  olher  tissues.  The  direct  contrary  to  this 
is  probably  the  fact.  It  is  those  tissaea  of  the  most  intense  metabolism 
which  prcser^'e  themselves  best.  We  know  that  the  heart  has  such  an 
intense  metabolism.  It  must  continue  at  work  whatever  happens;  and 
so  must  the  nervous  system.  It  is  probable  that  the  pre-servation  of 
these  liBstiPB  is  brnuuiht  about  in  thp  following  way.  By  the  autolysis 
of  the  other  liKsuett  a  certjiin  amount  of  aminoacids  and  other  substances 
are  set  free.  The  metabolism  in  the  heart  and  nervous  system  is  so 
intense  that  in  these  organs  Ihc  amino-acids  and  other  products  are  in 
part  catabolized  and  in  part,  built,  up  into  the  tissue  substance.  To 
maintain  the  equilibrium  new  food  substances  pass  into  these  organs 
from  the  blood  to  make  good  the  loss  of  the  catabolized  products;  and 
from  the  other  tissnes  amino-aeids  and  other  products  pass  to  the  blood 
to  make  good  the  loss  from  that  tissue.  Thus  that  organ  with  the  high- 
est rale  of  metabolism  wilt  call  upon  the  ofh*'r  ti-wues  of  the  body  which 
have  the  lowest  rate  nf  me1al)oli.sm ;  they  will  waste  away  at  its  expense. 
It  is  thus  probably  that  a  cancer  impoverishes  the  other  tissues. 

The  prcsen-ation  of  the  brain  and  heart  in  this  way  at  the  expense 
of  other  leas  vital  tissues  of  the  body  is  evidently  a  measure  of  adapta- 
tion. These  are  the  vital  or  master  tissues  and  it  is  absolutely  neeeaaaiy 
that  they  be  preserveil.  From  its  earliest  origin  the  nervous  system 
appears  to  havH  the  most  ae.live  metaho!i.im  and  to  dominate  that  of  the 
rest  of  the  body  in  the  way  so  conclusively  shown  by  Child. 

Effects  of  fasting.    The  general  effeet*  of  faating  are  extremely  inter* 
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esting.  There  is  no  doubt  tliaf.  in  many  eases  fasting  is  very  benefieiar 
to  the  general  hvalth.  Chronic  disi^ases,  such  as  cnturrhs  and  pimples, 
boils,  etc.,  are  said  often  to  have  be«n  pennanentty  cured  by  this  simple 
expedient.  The  first  few  days  of  the  fast  may  be,  and  generally  are, 
trying;  there  is  not  infrequently  considerable  nau.sea  for  a  few  days; 
but  thereafter  the  deprivation  of  food  does  not  appear  to  cauae  any 
very  painful  sensations  beyond  great  Imnger.  The  total  effect  on  tbe 
body  is  to  sweep  out  of  the  protopla.ftn  all  the  deposited  waste  or  reserve 
material.  At  least  half  of  the  muscle  substance  has  to  be  regenerated 
and,  according  to  Child,  fa-Kling  is,  in  its  essence,  of  the  nature  of  a 
regeneration  or  rejuvenation.  This  is  certainly  the  case  in  some  of 
tbe  lower  animals,  in  particular  in  the  flat  worms.  Planaria,  and  other 
animals  upon  which  he  worked.  In  these  forms  it  is  possibly  to  show 
that  the  fasting  animals  arc  in  reality  rejuvenated  and  emerge  from 
the  fast  with  all  the  characteristics  of  young  animak,  including  a  stiun- 
Lated  metabolism,  heightened  respiration  and  so  on.  Whether  the  human 
being  is  capable  of  a  certain  degree  of  rejuvenation  by  this  same  process 
is  not  yet  certain,  but  there  are  some  indications  that  some  reju- 
venescence is  possible.  It  seems  generally  true  that  the  deposition  of 
colloidal  matter  in  protoplasm  is  one  of  the  conditions  of  seDcscence.  Ii 
is  poasible  that  sach  depositions  increase  the  diflBculty  of  passage  oF 
certain  substances  into  and  out  of  cells,  or  tliey  interpose  barriers  in  the 
way  of  s  free  exchange  of  maU-rial  between  the  diCfcreut  parta  of  ceUa 
and  so  ultimately  break  down  the  co-ordination  of  cell  metabolism.  If 
this  explanation  of  senescence,  which  has  been  proposed  by  Child,  is 
tnio,  then  fasting  would  appear  to  be  a  means  of  corabHiing  the  pi 
to  some  degree. 

There  are  other  changes  in  the  excretions  accompanying  Fasting 
ThoB  the  proportion  of  urea  nitragen  in  the  urine  instead  of  being  abont 
65  per  cent,  falbt  to  55  per  cent,  or  60  per  iTcnt.  of  the  total  nitrogen  (see 
patre  750) .  The  quantity  of  ammonia  iucreaecs  slightly,  possibly  due  to 
the  alight  acidoeia  produced  by  the  burning  of  such  quantities  of  fat  and 
protein;  and  there  ia  a  relative  increase  in  th<>  neutral  sulphur  and  a 
corresponding  decrease  in  the  inorganic  sulphates  nf  the  urine.  These 
are  the  same  changes  observed  by  Folin  and  others  in  low  protein  diets. 

The  blood  holds  its  compoailion  fairly  uniform  in  fasting,  althoagh 
there  ia  some  sinkiug  in  the  per  cent.  oC  protein  present  in  the  plasma. 
This  falls  from  fi  per  cent,  to  alwut  4-5  per  cent,  of  the  weight.  There 
is  a  considerable  reduction  in  the  amount  of  blood  in  the  body,  and  the 
per  cent,  of  fat  in  the  plauua  may  in  the  early  days  be  somewhat  higher 
than  the  average,  as  the  fat  reserves  are  mohilimd. 

The  number  of  ecUa  of  the  body  does  not  decrease  so  much  aa  the 
size  of  the  cells.    The  general  course  of  a  fasting  experiment  lasting 
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31  days  recently  carried  out  by  Benedict  us  shown  in  the  accompanying 
chart 

Lack  iff  water  ojid  mineral  substances.  The  body  can  go  without 
food  for  20-30  days,  but  not  without  water.  Water  is  eonslauMy  eftcap- 
ing  from  the  body  in  Ihe  uriue,  in  the  sensible  and  insenKible  perspira- 
tion and  in  (he  lungii.  And  Die  amount  of  water  wliioli  is  formed  in 
the  body  by  the  combustion  of  tlic  hydrogen  is  by  no  means  sufficient 
to  make  good  this  loss.  The  loss  of  water  makes  the  riscosiiy  of  the 
blood  greater,  the  resistance  to  its  flow  increases;  water  passes  from 
the  tissues  to  the  blood  to  make  good  the  loss  from  the  latter  and  this 
reduces  the  amount  of  water  in  the  tissues,  giving  rise  to  excessive 
thirst  which  is  almost  intolerable.  As  the  physical  activities  of  the 
tissues  are  dependent  upon  the  viscosity  of  the  protoplasm,  and  the 
ehomiea!  activities  on  the  water  present,  both  the  physical  and  chemical 
processes  in  the  cells  suffer.  There  is  at  first  a  reduction  in  ihe  metab- 
olism, which  may  be  followed  by  an  increased  catabolism.  An  adult 
cannot  live  more  than  three  or  four  days  without  water,  the  time  depend- 
ing naturally  on  the  external  temperature,  amount  of  water  lost  by 
■evaporation  and  so  on.  Death  is  the  result  probably  of  the  increased 
viscosity  of  Ihe  blood. 

Mineral  substances  are  also  necessary  to  life,  and  the  result  of  keep- 
ing them  out  of  tlie  food  is  disastrous.  In  the  perspiration  and  urine 
salta  of  various  kinds  are  constantly  being  lost.  Food  as  free  as  pos- 
sible from  mineral  substances  produced  disturbances  in  the  muscular 
system  in  Taylor's  experimeuta  on  himself;  disturbaucea  of  the  nervous 
system  have  also  been  noted  by  Forstor.  A  aufticient  supply  oE  phoa- 
phatea  and  calcium  are  essential  to  the  development  of  the  bones  and 
teeth.  Herbivorous  animal.^  constantly  have  a  diet  poor  in  sodium  and 
relatively  rieh  in  potassium.  Such  animals  i-equire  from  time  to  time 
some  sodium  chloride  added  to  their  ration.  Carnivorous  animak 
require  no  salt,  since  the  salts  in  their  prey  arc  about  tliosc  of  their 
own  bodies. 

Vitamincs.  Substances  of  an  unknown  nature  necessary  for  the 
nourishnient  of  the  body. — As  has  been  so  often  remarked,  nearly  all 
of  the  really  fundamental  facts  in  nutrition  remain  still  to  be  deter- 
mined. This  is  illustrated  in  no  more  striking  fashion  than  by  the 
discovery  in  the  past  few  years  of  the  specific  action  of  foods  in  nour- 
isliing  the  body  quite  apart  from  their  protein,  carbohydrate  and  fat 
content.  A  great  field  has  thus  been  opened  which  promises  to  yield 
many  valuable  discoveries.  It  seemed  a  few  years  ago  as  if  with  the 
discover}-  of  the  fuel  value  of  a  food,  of  how  many  calories  of  energy 
it  contained  which  were  available  to  the  body,  and  with  the  catimatiou 
of  the  grams  of  fat,  carbohydrate  and  protein  in  it,  oU  that  was  occcs- 
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aary  to  determiue  its  food  value  was  known.  How  far  that  waa  from 
being  the  truth  will  appear  from  what  follows.  Wi;  now  know  that  the 
character  of  the  fat,  protein  and  oarbohj'dratc  ia  of  as  |?rcat  impor- 
tance as  the  amount.  It  is  by  no  means  the  same  whether  one  cata 
cane  sugar  ov  lactose,  althougli  llioy  resemble  each  oilier  so  closely  in 
calories  and  composition.  It  has  bocu  found,  for  example,  tliat  there 
is  in  the  brain  a  large  amount  of  the  sugar,  galactose.  This  occurs 
in  the  cercbrosides  in  Ihc  in«<lullary  sliea(h.s  of  the  ncr\'C«.  Wc  do  not 
know  whether  the  body,  particularly  in  youth,  hn.s  the  power  of  making 
galactose  from  other  earhohydratc«.  Wo  sec,  in  fact,  that  Nature, 
which  has  had  charge  of  the  rearing  of  children  for  millions  of  years, 
has  provided  in  the  mammar}*  (*lands  an  organ  for  the  manufacture  of 
galactose,  so  that  the  child  during  the  period  of  the  medullation  of  tlie 
nerves  of  the  eerebnun,  when  eerebroaidos  may  be  ppotluced  in  great 
abundance,  tliat  is  in  the  third  to  sixth  nionlh,  may  have  a  nourishment 
which  coutaioH  ()uautilios  of  RalactoNc.  The  sugar  of  milk  is  not  caoa 
sugar;  It  is  not  maltoKc;  it  is  not  dcxinisc  or  IcvuIohc,  or  rihosc;  bat 
lactose,  a  sugar  containing  half  its  weight  of  galactose,  that  important 
sugar  of  the  brain.  It  may  Ic  almost  stated  as  a  truism  that  had  it 
been  more  advantageous  to  have  d«.-ctrose  in  milk  than  lactose,  the  sugar 
found  there  would  have  been  dextrose.  The  suggestion,  therefore,  advo- 
cated by  some  pb^'sieians,  to  substitute  for  the  lactose  of  (he  milk  either 
cane  sugar  or  dexinwe,  in  artiticial  feeding  of  children  can  only  be 
regarded  with  misgivings.  It  is  wiser  to  accept  the  conclusions  of  uatiint 
which  ha.t  tried,  no  doubt,  many  thousands  of  experiments  of  which  we 
arc  ignorant,  and  whicJi  liiu  provided  lactose  in  the  food  of  infants  only 
after  a  prolonged  rcsearcdt. 

Neither  is  the  fat  consnmcfl  a  matter  of  indifference,  if  only  it  bo 
fat.  It  is  not  enough  that  Uie  fat  shall  burn  and  liberate  a  certain 
amount  of  energy  in  the  body.  The  nature  of  the  fatty  acid  is  impor- 
tant. We  know  indeed  that  tlie  character  of  the  fat  laid  down  in  th« 
cells  is  somewhat  dependent  upon  the  character  of  the  fat  eaten.  In 
the  fat  of  dogs,  an  abnonnal  quantity  of  mutton  Fat  appears  when  after 
fasting  a  dog  is  fed  on  large  umonnts  of  these  fats.  It  was  found,  too^ 
by  Hertor  that  tlie  character  of  the  fat  laid  down  in  the  tissue  of  grow- 
ing pigs  was  altered  when  the  pigs  were  fed  large  amounts  of  acetic 
acid.  The  power  of  making  the  neeossary  fats  peculiar  to  tho  body  of 
the  animal  in  which  they  are  found,  and  indeed  peculiar  to  the  tissue, 
is  BO  great  that  the  fata  may  easily  he  formed  from  the  carbohydrates. 
Nevertheless  the  melting  point,  and  probably  the  ease  of  oxidation  of 
the  fats  in  the  cells,  is  not  entirely  independent  of  the  character  of 
the  fat  fed. 

Above  all,  the  character  of  the  prot«in  is  not  a  matter  of  indiffor- 
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ence.  Hitherto  the  protein  of  the  food  has  been  caloulated  by  deter- 
mining the  nitrogen  and  multiplying  1>y  t]ie  factor  6^  to  give  the 
amount  of  protein  in  the  tood.  Somctimp!)  only  the  coagulated  extracted 
food  has  its  nitrogen  thus  measured,  sometimes  it  is  raw  food,  and  lipin 
nitrogen  and  nuclein  nitrogen  have  been  iocladed.  This  method  it  is 
rccosnizcd  is  very  crude.  Not  all  nitrogen  is  protein  nitrogen.  There 
is  the  nitrogen  in  tlie  phospbolipins,  in  the  amino  lipins  and  in  nucleio 
acid  and  other  nitrogen-eon taining  sulwtanccs.  Furthermore,  it  makee 
a  dilTerence  what  amino  aeids  are  present  in  Ihi;  pmtfins,  and  the  vari- 
ous amino-acidit  we  now  know  have  Kperific  funulions  whieh  rannot  be 
replaced  by  other  amino-acids.    This  point  has  already  been  considered. 

But  beyond  all  thcst*  qualities  of  the  food,  evidence  is  accumulating 
iJiat  the  foods  must  contnin  other  bodies  not  protein  or  carbohydrute 
or  fats  or  minerals,  but  of  an  organic  nature  and  without  which  the 
organism  will  surely  perish.  These  bodies  are  required  apparently  in 
very  small  quantities,  but  they  are  of  vital  imporliinw.  They  have 
been  named,  therefore,  t'tfamtTirft  hy  Funk,  who  has  worked  a  good  deal 
upon  them,  to  inilicate  his  opinion  that  they  are  necesinry  and  that  they 
contain  basic  nitrogen.  While  the  whole  matter  is  still  nnder  investi- 
gation and  it  is  too  soon  as  yet  to  draw  any  positive  conclusions,  the 
results  obtained  have  been  so  extraordinary  and  so  interesting  that  they 
should  surely  be  considered  here,  even  though  opinion  is  uot  unanimous 
as  to  their  nature. 

Brriberi.  There  is  a  curious  mptabolic  discaae,  palled  beri-beri, 
found  among  Eastetn  pi>op1es  such  iis  tlie  Filipinos,  the  Japanese  and 
East  Indians,  peoples  who  have  a  very  restricted  diet,  of  which  riee  is 
the  main  staple.    This  disease  is  cbaracterijwd  as  follows; 

It  begins  with  a  feeling  of  lassitude  accompanied  by  numbness,  stiff- 
ness or  cramps  in  tlie  le^.  There  is  cedema  of  the  ankles  and  face. 
In  its  further  progreas  the  patient  loses  the  power  of  walking,  there 
is  partial  paralysis  of  the  leg  muscles  and  other  muscles,  accompanied 
by  anesthesia  in  the  alTected  areas  and  often  by  pains  and  tingling  sen- 
sations in  the  feet ;  the  (pdi'ma  bpcnmes  more  gennral  anil  breathletwnesR 
and  palpitation  may  come  on.  There  are  neither  fever  nor  brain  symp. 
toms.  The  symptoms  are  those  of  a  peripheral  neuritis  which  may 
involve  the  pneuitiognstric  and  phrenic  nerves,  hut  which  generally 
begins  in  the  regions  farthest  from  the  nerve  centers.  There  is  degen- 
eration of  the  muscles.  The  mortality  may  bo  as  high  as  50  per  cent. 
This  disease  has  been  variously  explained  in  the  past,  some  eonsiderins 
it  as  due  to  spoiled  rice,  others  to  an  infection  of  some  kind.  IL  has 
become  possible  to  study  it  through  ttio  discovery  of  a  aimilar  disease 
in  fowls  which  may  be  produced  artificially,  this  is  the  polyneuritis  of 
birds. 


Fran.    t»    Mttu   OA— Karlr    anil    InEi-   mtsn    of   poUncontu    U    fowls   attcr  mtlna 
«*<(»»*eo»y  p«lta)i«d  tin  (Funkt. 

If  fowls  are  fed  exclusively  on  polished  rice,  that  is  tlie  white  rico, 
Ihe  reddish  ext«rior  having  ht'cn  polished  away,  no  chaiipea  are  apparent 
for  several  weeks,  but  suddouly  tliu  sytiiptumH  ap[K>ar  atui  in  the  course 
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of  a  couple  of  days  or  more  tbcy  go  rapidly  to  a  fatal  ending.  The 
fowls  become  itnable  to  walk  about,  then  thoy  'become  weaker,  lie  over 
on  their  aides  and  will  surely  die  if  the  diet  is  not  changed.  Figures  64 
and  65.  If,  howovcr,  the  fowls  are  fed  rice  to  which  a  little  of  the  bran 
has  ke«n  added,  or  if  Uiey  are  fed  unpoliabed  nee,  they  are  not  subject 
to  the  disease.  They  recover  even  when  very  ill  by  the  injection  of  the 
extract  of  the  bran.  It  seeins,  therefore,  to  be  clear  that  there  is  some- 
thing in  the  bran  of  rice,  or  in  the  outer  layer  of  the  kernels,  which  is 
absolutely  necessary  for  the  nourishment  of  the  body  of  the  fowl  when 


Tu.  B8.— D(VMtntt«B  la  tli«  pcnpH'^Tal  ntrria  of  lovU  wltlt  polraenrlila  (Ftnili). 

it  is  on  a  rice  diet.  This  substance  is  present  in  very  small  amounts. 
An  amount  of  solid  extract  weighing  a  few  mgs.  is  suiBcicnt  to  cure 
a  fowl  when  very  ill.  Coueerning  the  nature  of  this  subslauec.  it  may 
be  said  that  it  is  not  prott'in,  it  is  solvjbk*  iu  aloohol,  it  probably  con- 
tains nitrogen,  it  is  organic  in  nature.  Funk  thought  that  it  was  allied 
to  the  pyrimidins,  but  the  evidence  is  very  unconvincing.  Whatever 
its  nature,  it  would  aucm  that  it  must  be  present  in  the  foods.  Fat, 
protein,  carbohydrate,  mineral  matlez-s  and  energy  arc  insufficient  to 
nourish  the  body  in  its  absence,  its  lock  appears  to  affect  the  peripheral 
ucrvca  first,  leading  to  their  degeneration.      Figure  66. 

Inasmuch  as  human  beings  who  take  unpolighed  rioe  seem  to  be  free 
from  beri-beri,  tlie  conclusion  has  been  drawn  that  bt^ri-btiri  is  also 
due  to  the  lack  of  this  vitamine  which  is  found  in  the  bran  of  riec,  of 
wheat  and  in  many  other  foods.  It  must  be  remembered,  however, 
that  peripheral  neuritis  may  be  produced  in  many  different  waya.     It 
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occurs  in  arsenical  and  lend  poisoning,  also  in  pellagra  and  in  alcoliolics. 
It  is  perhaps  not  entirely  cert&Lu  that  l>eri-bei*i  is  caused,  directly  by 
I>otislLcd  rice,  although  that  aeenis  at  present  most  probable. 

Further  studies  into  tLe  nature  of  the  curative  subsfanee  have  sliowu 
that  it  ta  extractable  from  u  great  vuriety  of  tiaftuu:],  both  pliuits  and 
animals,  by  alcohol.  It  follows  tlie  lipia  fraction,  but  is  probably  not 
itsoLf  a  lipin.  beeithin,  ccphaliu,  eei'cbrin,  protogon,  cholesterol,  cboUuo, 
niootiiiie  acid,  guauidiuc  aud  otlier  substances  isolated  from  the  lipoid 
fnutioa  aro  without  any  curative  action.  The  substance  contains  uo 
phosphorus.  It  probably  contains  nitrogen,  since  it  is  precipitated  by 
phosphotungstic  acid.  It  is  precipitated  from  its  alcoholic  solution  by 
ether.  It  ia  insoluble  in  acetone,  beuzcuc,  cliloroform  aud  etlicr.  It  is 
soluble  in  water  and  is  destfoyed  by  boiling  for  souiu  time,  aiid  by  alka- 
lies, even  weak  alkalies  like  amuonia.  It  is  more  btuhlc  in  ueida.  It 
loses  its  activity  on  standuig  in  a  desiccator.  Solulious  which  havo  a 
Gorative  action  generally,  if  not  always,  give  a  blue  color  with  phos- 
photungstic acid,  both  the  uric  acid  reagent  and  the  polyphenol  reagent 
of  Folin  and  Denis.  It  ia  hence  apparently  a  reducing  substance.  The 
substance  ia  found  not  oidy  in  bran,  but  in  milk,  in  muscle  of  all  kinds, 
in  the  alcoholic  extract  of  the  brain,  la  autolyziug  yeast  aud  in  other 
locatioiui.  It  ia  apparently  very  unstable,  particularly  in  light  and  iu 
the  presence  of  oxygen.  It  is  probable  that  the  results  obtained  by 
Stcpp,  who  found  that  food  substant-i's  ihoroiigbly  extracted  with  alcohol 
would  no  longer  permit  of  growth  and  properly  nourish  animals,  wore 
duo  to  the  absence  of  these  vitamiiics  and  not  to  the  absence  of  the  lipoid, 
aa  he  supposed.  The  relation  of  vitamiues  to  growth  will  be  discussed 
in  a  moment. 

It  appears,  then,  from  Ihesi-  espcrimeuti*  that  binla,  and  human 
beings  aa  well,  require  iu  their  food  certain  unknown  substances  of  au 
organic  nature  which  arc  absolutely  necessary  to  life.  The  eTidcQc« 
points,  on  the  whole,  to  Funk's  conclusion  that  they  arc  pyriraidin 
derivatives.  Fostiibly  they  are  allied  to  alloxan  or  alloxantiu,  both  of 
which  are  unstable.  The  discovery  of  the  nature  of  these  substances,  or 
of  this  fiubstaucG,  is  a  very  important  matter.  Nicotinic  acid  ia  found  in 
the  partiuliy  purified  product,  but  uiuotiuic  acid  is  itself  inaclire.  Funk 
baa  suggt»itcd  that  possibly  a  mother  substance  of  nicotinic  acid  ia  the 
aeUve  principle.  All  of  the  purified  sul)stanccs  extracted  from  bran  havo 
been  found  to  be  inactive. 

Pellcffra.  Another  disease  with  some  points  of  rcsemblanoe  to  bori- 
beri  is  pellagra.  The  name  means  rough  skin,  the  skin,  particularly  on 
the  becks  of  the  hands  and  about  the  neek,  being  thicheued  and  rough. 
Neuritis  occura  here  also  and  the  symptocns  of  disturbance  of  the  central 
nervous  system  are  more  pronounced.     ThiH  disease  was  long  ascribed 
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"by  the  Italian  investigators  to  spoiled  maize.  It  m  common  in  the 
Southern  States  and  in  Italy.  Other  investigatore  have  recently  ascribed 
it  to  an  infection  carriM  by  a  Hy  or  insoet- carrier.  Whatever  may  be 
tile  explanation  of  the  eause  of  this  disease,  there  can  be  no  doubt  about 
the  fact  of  the  impairment  of  the  nutrition  of  the  nervous  system ;  but 
whether  this  is  due  to  a  poison  elaborated  by  a  parasilc  of  some  bind 
cither  in  the  body  or  ixi  maize,  or  wbctUcr  it  is  due  to  the  lack  of  some 
substauce  iu  the  diet,  catiuot  be  punttivcly  stated.  It  ouuurs  gcuerally 
among  those  having  a  very  rcblricted  diet,  but  other  uouditiomi  of  au 
uusuiiitary  nature  have  usuaUy  been  present,  making  tJic  detcrmina- 
lion  of  the  etiology  difficult. 

Scurvy.  Scurvy  is  a  disease  of  malnutrition,  very  common  in,  the 
past  when  fresh  or  canned  vegetables  were  rare  and  salt  and  preserved 
meats  were  eaten.  The  cause  of  the  disease,  what  particular  articles 
of  diet  are  responsible  for  it,  is  not  ecrtaiu.  But  it  is  kuowu  that 
various  foods  have  an  an ti -scorbutic  actiuii,  so  Uiat  whuu  tlicy  arc  tukuu 
people  do  not  gel  scurvy.  Among  these  foods  tUc  Julia's  of  liiues,  orauges, 
lemons  arc  particularly  active,  but  it  is  not  certain  what  the  active 
substances  in  these  foods  arc.  Xn  cliildreu  an  exclosivc  diet  of  boiled 
or  storilized  milk  sometimes  produces  scurvy.  Orange  juiec  appeai-s  to 
prevent  this. 

Importance  of  vitamincs  for  growth.  Tiicre  appear  to  be  then  ia 
milk,  iu  orange  juicu  aud  in  various  articles  of  diet,  sucb  aa  brau,  sub- 
stajiees  wliicli  arc  not  prolt-ins,  fata  or  carbohydrates,  which  arc  gen- 
erally soluble  in  alcohol,  and  which  have  a  vcr>'  extraordinary  influence 
in  stimulating  growth  end  iu  maintaining  nonnal  nutrition,  particu- 
larly of  the  nervous  system.    "What  is  the  nature  of  these  subatancest 

Oue  would  naturally  look  for  such  substances  in  milk  and  possibly 
in  eggs,  siuce  these  two  foods  have  been  provided  especially  to  serve 
the  needs  of  Ibc  rupidly-growiug  organism.  If  any  substances  stimu- 
latory of  growth  lire  to  be  found  anywhere,  oue  would  naturally  look 
first  in  tliotse  foods  whidi  wu  know  to  be  particularly  goorl  for  growing 
animals  and  particularly  good  for  the  rapidly-growing  iier\'Dus  systom. 
They  ought  to  be  found  in  human  milk,  since  this  food  has  to  meet  the 
requirements  of  a  very  rapidly-developing  nervous  system.  Such  sub- 
BtaneiHi  have  been  found  in  milk.  Hopkins,  MeCoIlum  and  Davis,  Hop- 
kins and  Nevill,  and  Osborne  and  Mendel  found,  in  testing  the  efficacy 
of  various  pure  proteins  and  inorganic  salts  in  promoting  tlic  growth  of 
young  white  rain,  that  artificial  dicta  containing  some  protein,  sucb  as 
edestin,  albumin  or  casein,  some  inorganic  salta  like  those  of  milk,  some 
starch,  and  lard  nourished  the  animals  for  a  time,  but  that  sooner  or  later 
they  ceased  to  grow,  so  that  they  rarely  attained  more  than  two-tiiirda  of 
the  weight  normal  for  rata  of  their  age.  -  If  at  this  time  some  butter 
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fat  was  substitiiled  for  a  portion  of  tlie  lard,  the  remainder  of  the  dieti 
being  the  same  and  the  total  energy  not  changing,  the  tau  began  to' 
grow  again  and  very  rapidly  reached  their  normal  weight.  Further- 1 
more,  milk  itaelf  has  in  it  all  the  substances  necessary  for  the  growth' 
aud  mainteoance  of  rats.     These  experiiueuts  are   illustrated   in    thoj 
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rio.  ST. — Cnrvi^  of  boitr  wflshta  ot  nta  irhl«U  luire  (vaa«d  ta  grtm  Ktid  ka*e  dedlnad 
oa  foods  ranialoliiK  tUc  nainni  "  protda-frx  milk  "  ntid  liuvo  rcmnrreil  wben  16  per  eeai. 
aoMlKd  butter  rcpU«*4  Uw  mmo  qiMnUtr  <*t  lArd  In  th*  dloC,  ■■  lBdl«at«d  tu  ti>'^  Intrr- 
niplad  llnea  (— o — « — o — 1.  Bnts  130-t.  1281.  12»2  had  caMln;  na  ItM.  ll'!<l  tiad 
orilbtnnla  im  tb«  aoU  prMHn.  Or^natM  lejirMfot  iciami  batty  wdght;  abadiujU  XO-a^j 
InterraiB.  The  dirt  w«» :  Portflcrt  protrm,  IS  per  r«it. ;  atarcli,  20  pec  cenL;  pratcia- 
h««  milk.  38  p*r  c^nU;  Urd,   10  p«T  ttnt.;  butlor,  18  p«r  c«il. 

curve«  in  Figure  67.     Sterilization  of  the  milk  did  not  in  any  way 
interfere  nith  the  value  of  the  fat  as  a  growth  atimulant. 

The  pxperimenta  of  Hopkins  and  Ncinll  were  as  follows:  Twen^- 
four  rats  from  various  sources  weighing  from  50-60  grams  each  were 
placed  on  a  diet  conlaining  protein  and  starch,  which  had  been  care- 
fully extracted  with  alcohol,  lactose,  which  had  been  repeatedly  crys- 
tallized and  extracted  with  alcohol,  and  a  salt  mixture  similar  to  that 
used  by  Mendol  and  Oshome,  TCveiy  rat,  ulihongh  eating  well  and  takiof^ 
Bufflcient  food  to  cover  its  enei^  needs,  rapidly  ceased  to  grow,  some 
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on  the  sixth  day,  some  on  the  ninth  and  all  before  the  fifteenth  day.  A 
short  period  followed  when  they  kept  their  weight,  and  to  this  suc- 
ceeded a  period  of  gradual  decline  in  weight.  The  diet  was  kept  the 
same  for  18  of  them  up  to  death.  Fourteen  of  them  died  about  the 
fortieth  day.  In  the  case  of  six  of  the  same  set  of  rats  after  the  decline 
had  begun,  2  c.c.  of  milk  per  diem  was  added  to  the  ration.    An  imme- 
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Fio.  6TA. — Same  ae  tllastrated  la  Figure  07  eicept  that  the  rats  were  all  males  and 

18  per  cent,  of  butter  fat,  In  place  of  butter,  as  In  E^^re  67,  waB  added  to  tbe  diet,  after 
decline  bad  set  la,  In  place  of  an  equal  amount  of  lard  which  was  discontinued.  Eats 
1224,  1235  had  casein;  1391,  edestln;  1610,  zein  and  casein. 

diate  betterment  of  the  general  condition  was  observed,  growth  was 
re-established  and  health  was  maintained.  Another  lot  of  six  rats  were 
given  a  little  milk  in  addition  to  the  ration  of  alcohol-extracted  foods 
and  these  grew  normally. 

The  active  substances  in  the  butter  fat  are  still  undetermined.  Cod- 
liver  oil  will  act  like  the  butter  in  promoting  growth.  Olive  oil  does 
not.  Cholesterol  is  ineffective.  The  butter  fat  used  by  Osborne  and 
Mendel  contained  neither  ash,  phosphoric  acid  nor  nitrogen.  The  active 
substance  for  growth,  they  conclude,  is  probably  not  a  glyceride  of 
the  ordinary  fatty  acids,  nor  a  phospholipin,  nor  a  vitamine  in  the 
sense  of  Funk.    What  it  is  must  be  determined  by  experiment. 

Some  experiments  by  Carrel  may  also  be  mentioned  in  this 
connection.    Carrel  has  been  growing  tissue^  taken  from  the  living  or- 
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^onism  id  artificial  culture  media  by  Harrison's  method  of  tissue  ciiF 
ture.  He  found  that  it  he  placed  these  growing  tissue^  in  l^lood 
serum  lakeu  from  adults,  tlicy  eontinaed  to  live  for  a  long  time, 
but  thty  did  uol  grow.  The  cells  did  not  reproduce.  If,  however,  the 
culture  was  made  in  the  blood  serum  of  young  and  growing  animals, 
Uien  the  growth  took  place  vigorously.  It  seemH  that  there  is  some 
substance  in  the  blood  of  young  and  gi'owing  animnla  which  is  not  pres- 
ent in  that  of  adults.  ^Vhat  the  uature  of  this  substance  is,  is  Btill 
unknown.  If  this  experiment  shall  prove  to  be  generally  successful  with 
many  tissues  and  with  the  young  ani.1  old  sera,  it  would  seem  that  we 
mighl  at  last  be  on  the  track  of  the  substances  of  youth. 

Tissue  respiration.  Combustion  is  the  source  of  all  the  energy  ot 
the  human  body  in  whatever  form  that  energj'  may  show  itself.  This 
combustion  occurs  in  the  living  matter;  it  is  the  process  of  respiration. 
We  cannot  do  better  than  to  close  this  account  of  the  principles  of 
chemical  biology  by  a  brief  examination  of  this  most  fundamental 
process.  It  is  the  breathing  brain  which  is  cooscioos.  >Vhcu  oxygen 
unites  with  carbon  and  hydrogen  in  the  brain  under  certain  conditions, 
it  produces  or  is  aceorapunied  by  the  psychic  processes.  The  nature  of 
respiration  appeai-s  then  to  be  the  problem  of  all  others  of  a  chemical 
nature  which  it  is  desirable  aliould  be  solved.  Unfortunately  we  ar« 
still  far  from  understanding  the  nature  of  this  process,  and  there  are 
in  fact  two  main  views  as  to  its  uature,  and  these  two  views  are  on 
the  whole  very  antagonistic.  They  have  been  expressed  by  various 
observers  under  various  guises,  for  the  problem  remains  the  same, 
although  its  outward  form  may  change.  The  problem  is  this;  Do  the 
subatauees  which  enter  the  living  protoplasm  become  part  of  the  living 
protoplast  before  they  bum,  or  not.  What  conception  shall  we  have 
of  the  living  matter  with  which  the  chapters  of  this  book  have  dealt  t 
There  arc  two  possibilities:  one  is  that  the  cell  is  a  kind  of  factory, 
the  walls  separating  the  rooms  of  which  are  mode  of  colloidal  matter 
which  is  relatively  inert.  The  chemical  chaugi>s  wliich  occur  in  the 
cell  are  due  to  tlie  changes  which  arc  occurring  iu  these  separate  rooms. 
This  may  he  called  the  compartmeut  theor>'.  These  compartments  may 
be  very  small.  Kach  may  he  imagined  to  have  one  or  several  enzymes 
or  catalytic  agents  in  it.  These  produce  chemical  decompositions,  by 
purely  ch«mii'al  iirocfesses,  in  the  aniino-acids,  sugars,  or  other  suhstancea 
which  penetrate  the  compartmeuts.  They  may  undergo  a  process  of 
fermentation  by  which  CO,  is  produced.  They  may  he  oxidized,  or 
hydrolyzed  or  otherwise  ehiingcd.  Or  Ihcy  may  bi;  rombiued  with  the 
walls  of  tlie  compartmcTit,  oitlier  physically  by  adsorption,  or  by  chemi- 
eal  onion,  and  thus  contribute  to  the  chemical  constitution  of  the  colloids. 
According  to  this  view,  the  oxidations  in  the  cell  are  in  all  respects 
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like  those  outside  the  cell.  They  are  produced  by  active  ageots,  oxidases 
of  various  kinds,  which  can  be  isolated  from  the  cell  and  found  outside 
to  carry  on  the  activities  of  protoplasm.  By  the  oxidations  of  these 
substances  acids  or  other  compounds  arc  produced,  or  heat  is  set  free, 
and  these  compounds,  or  this  heat,  cause  the  change  in  the  amount  of 
water  in  the  cell  and  so  tlie  physical  changes  of  the  lifeless  colloidal 
material  of  the  cell.  These  tind  their  expression  in  the  various  forms 
of  vital  actions.  This  viuw  was  advocated,  by  Hofucister,  among 
others,  and  it  has  been  defended  by  Ilopkius.  According  to  this  view, 
there  is  no  vital  matter  in  the  cell;  and  the  chemical  transformations 
do  not  involve  any  large  ktoge^uc  molecule,  but  only  such  transforma- 
tions as  those  with  which  wo  are  all  familiar,  of  relatively  simple  com- 
pounds in  solution.  The  evidence  in  lavor  of  this  view  is  the  fact  that  wa 
arc  constajitly  succeeding  iu  isolatiui:  from  cells  catalytic  agents  which 
cause  iu  aqueous  soUjIiou,  iu  the  ,bcakcr,  oxidations,  fermcntittiona  aud 
hydrolyscs  identical  iu  their  main  features  with  tlicsc  in  living  maU«r. 
There  is  no  denying  tlic  fact  that  there  are  many  powerful  evidencce  for 
the  truth  of  this  view.  But  it  cannot  bo  denied  that  there  are  also  grave 
difficulties  in  its  way.  According  to  this  view,  Oie  cell  is  not  a  unit; 
it  is  a  large  collection  of  separate  enzymes,  confined  to  separate  parts, 
or  compartmeuts,  of  the  cell.  It  gives  no  explanation  of  tlic  apparent 
unity  of  the  cell  and  the  organism.  The  shapes  of  organisms  arc  as 
characteristic  as  those  of  crystals.  In  crystals  the  matter  is  organiiod. 
In  living  matter,  also,  the  matter  is  certainly  organized.  What  is  the 
organizing  force  in  living  matter  f  Uow  shall  wc  explain  irritability  and 
the  phenomena  of  narcosis  or  anosUicsia  on  the  basis  of  the  view  just 
slated  T  The  hypotlicsis  that  these  drugs  arc  acting  by  altering  Uia 
permeability  of  the  walls  of  liie  compartments  has  not  yet  been  sub- 
stantiated by  any  evidence  which  is  really  conclusive.  It  is  certain  tJiat 
they  influence  the  chemical  processes  profoundly  since  growlii  aud 
rcNpiration  arc  annihilated  by  tlicmi  but  anesthetics  do  not  materially 
alter  most  of  the  oxidations  outside  the  eel). 

For  tliesc  reasons  another  view  bos  been  proposed  which  has  certain 
merits  of  its  own.  This  view  has  been  expressed  by  Pflligor,  Verworn 
and  oilier  physiologists,  often  in  slightly  different  forms,  but  in  ita  essan- 
tialB  tho  same.  The  essential  basis  of  this  view  is  that  the  organizing 
property  of  the  cell  is  made  the  point  of  departure.  Living  matter 
orgiiui3:c«  the  food  that  it  receives  aud  keeps  what  it  needs;  it  makt^s 
a1wa>'s  the  right  kind  of  living  matter.  Now  there  arc  two  ways  in 
whiv-h  we  may  picture  this  organization  forc«.  The  cell  may  bo  pictured 
as  a  kind  of  a  kitchen  in  which  there  is  a  moid  of  all  work,  as  Du  Bois 
RajTBOnd  puts  it.  She  receives  the  provisions,  cooks  the  meals.  tlirowB 
out  the  wastes  and  keeps  all  iu  order.     This  maid  of  all  work  has 
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reeeivod  rorioas  names.    Sometimes  she  is  called  entelechy,  or  vital 
force,  but  whatever  her  uaiue  her  functions  and  activities  are  pictured 
hy  all  who  would  employ  lier  in  their  Hcheme  of  cell  physiology,  bh 
beiug  essentially  the  same.    Aa  long  as  the  cell  lives  she  is  there;  when 
she  deparla,  tliiu^  go  at  sixes  aiid  sevens  and  the  macliinery  no  longer 
workH  aud  tlie  cell  tlio.    The  only  escape  from  this  conception,  which 
has  been  nnx-ntly  again  strongly  advocated  by  Sir  Oliver  Lodge  in  his 
Presidential  address  before  tlie  Britiiih  Association  for  the  Advancement 
of  Science,  is  to  ascribe  the  organizing  forces  of  the  ccU  to  the  molecules 
of  which  it  ia  composed.    There  are  only  two  possibilities:  either  the 
molecules  organize  thtfmselvcs  as  they  do  in  a  crystal  or  else  something 
else  organizes  them^  for  that  they  are  organized  into  a  definite  and 
characteristic  form  there  is  no  doubt.    Accordingly  it  is  assumed  that  it 
is  the  molecular  forces  in  the  biogenes  or  large  molecules  of  the  cell. 
These  large  molecules  are  themselves  the  living,  respiring  units.    It  ia  the 
living  matter,  the  organized  matter  iteelf,  which  is  primarily  burning 
in  the  protoplasm.    But  this  is  ouly  part  of  the  combustion.     Wbeo 
combustion  ocvurs  in  an  auto-oxidizable  mutter,  such  as  a  biogenc,  there 
is  formed,  according  to  nearly  all  observers,  a  portion  of  hydrogen 
peroxide.    That  hydrogen  peroxide  is  also  formed  in  the  course  of  living 
oicidatious  is  indicated  by  the  fact  that  there  is  present  in  all  forms  of 
living  matter  a  special  enzyme,  catalase,  which  has  the  property  of  decom- 
posing it  and  setting  free  oxygen.     It  is  hardly  probable  that  this 
cataJaae  would  be  present  in  all  forms  of  living  matter  without  excep- 
tion, unless  it  had  some  function  there.    We  may  assume  that  this 
hydrogen  peroxide  bums  some  of  the  molecules  iu  solution  in  the  oell. 
This  is    the   other  part  of   the  combustion.      lU-spiration   consists    on 
this  view  of  two  processes,  the  physiological  or  auto -oxidation  of  tiio 
real  living  protoplast  or  biogenes,  and  the  oxidation,  by  means  o£  the 
hydrogen  peroxide,  which  is  a  secondary  product  of  the  primary  respi- 
ration, of  omiuo-acids  and  other  fragments  present  in  the  solution.    It 
m  this  oxidation  which  Hopkins  has  described.    But  Ibis  oxidation  on 
this  view  is  not  the  essential  and  primary  oxidation.    It  is  certainly  a 
EUggcBtive  fact  that  the  oxidations  of  this  nature,  of  the  aininoaeids  in 
cells  and  various  fatty  acida  and  other  substances,  are  identical  in  char- 
aetcr  witli  those  which  are  produced  by  hydrogen  peroxide,  as  Dukin 
has  Hhown. 

We  may,  therefore,  make  the  following  picture  of  the  fate  of  sub- 
slanccs,  such  as  amino-acids  for  example,  on  entering  protoplasm.  The 
amino-acid  may  enter  tlic  cell  in  solntion,  or  it  may  ultimately  find  itself 
in  solution  in  the  water  in  the  cell.  Before  it  is  combined  with  the 
protoplast  or  otherwise  made  over  into  the  colloidal  material  of  the 
cell,  it  has  to  run  the  gauntlet  of  the  hydrogen  peroxide  and  the  oxidases. 
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portion  of  the  amino-acid  is  decomposed  by  this  means  aud  con- 
verted into  ketooio  acid  and  ammonia.  The  ketonic  acid  may  Iw  subee- 
quently  burned  or  it  may  be  syntliesizcd  into  the  colloidal  Kubstratnm  of 
the  cell.  A  portion  of  tho  amino-aoid  is  caugtit  up  ns  such  and  syn- 
thesized into  the  protoplast.  Oxygen  wlien  it  enters  the  cell  combines 
in  the  first  instance  with  water  and  the  living  protoplast  to  make  the 
irritable  substratum  of  Ihe  cell.  It  is  this  substratum,  n  molecular  union 
of  oxygen,  water  an<l  proljopliust,  which  conducts,  rcspirva,  contracts 
and  is  anesthetized  by  other.  The  protoplast  in  its  turn  consists  of 
unions  of  protein,  phospholipin  and  various  enzymes. 

WliGthcr  this  picture  of  the  process  is  correct  or  not,  there  is  no 
doubt  that  the  i-espiration  of  the  cell  involves  in  its  totality  some  oxidases, 
hydrogcm  peroxide,  eatalase,  iron  or  manganoKu,  and  subtitanccs,  pre- 
Muniably  llie  living  protoplast,  which  have  the  ^Ktwer  of  uniting  witb  or 
decompasinff  the  food  matters  and  tliiis  increasing  their  power  of 
oombuHtion. 

This  brief  summary  will  acrvo  to  show  how  raoa^er,  as  yet,  is  oor 
Imowledge,  how  impotent  our  attempts,  to  ^ve  any  explanation  of  the 
great  and  fundamental  problems  of  physiolofiy  and  physiological  chem- 
istry: the  nature  of  consciousness,  of  animal  and  plant  forms  and  of 
the  fundamental  propeilies  of  respiration,  irrit  Hbility  and  growth. 
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PART  III. 

PRACTICAL  WORK  AND  METHODS.' 

A.     Equipment  of  the  laboratory. 

1.  Desk  reagents. 
BWi-iiglh                                                                           Strength 

1.  Hydrodilorie  acid.     Cone.    . .  37%  II.  Ammonium  oxalnte  2% 

2.  Hydrochloric  ncid.     Dilute  . .  10  12,  Copper  autpliate  2 

3.  Sulphuric  acid.     Cone 95  13.  Ferric  chloride  2 

4.  Sulphuric  acid.     Dilute 10  U,  Fotnasium  fcrrocynnidc    . ,  . .        1 

5.  Nitric  acid.    Cone 70  15.  Millon's  reagent, 

6.  Acetic  acid.     Dilute 10  16,  Magnesium  sulphate  Solid 

7.  Lead  acetate 2  17.  Ammonium  auiphntc Solid 

8.  Sodium  hydrate   10  18.  l.itmua  paper.     Red. 

9.  Sodium  carbonate   10  10.  Litmus  paper.    Blue, 

10,    Ammonium  hydrate 10 

'  Course  in  physiological  chemistry  at  the  University  of  Chicago. — The  fol- 
lowing brief  statement  of  the  organization  of  the  course  in  physiological  chemistry  at 
the  University  of  Chicago  and  of  the  work  required  of  all  medical  Btudents  is 
appended  in  the  hope  that  it  may  be  useful  to  teachers  having  to  solve  similar 
problems.  The  work  required  of  medical  students  consists  of  two  terms,  or  majors 
cf  work,  each  term  being  90  hours  and  embracing  33  hours  of  lectures  and  recitation 
and  57  of  laboratory  work.  The  first  major  covers  the  chemistry  of  the  cell  and 
includes  the  chemistry  of  proteins,  carbohydrates,  lipins  and  protoplasm  in  general. 
It  includes  roughly  Part  I.  of  this  book.  The  second  major  covers  digestion,  ab- 
sorption and  metabolism,  including  the  urine.  It  includes  Chapters  8-12.  17,  IB,  19 
and  20.  The  experiments  required  of  all  students  of  medicine  in  biochemistry  are 
marked  with  a  star  {•). 

In  addition  to  this  work  there  is  offered  as  options  an  additional  % 
major  or  1  mj.  of  work  in  quantitative  methods  of  urine  analysis;  2  mJB. 
of  work  in  quantitative  methods  of  tissue  analysis;  1  mj.  of  physiological 
chemical  preparations;  and  1  mj.  on  Tashiro's  quantitative  method  of  C0„  determina- 
tion and  its  application  to  the  respiration  of  nerves  and  other  tissues.  The  woric  on 
the  chemistry  of  the  blood  required  of  medical  students  is  at  present  taught  in  the 
subdcpartmcnt  of  physiology  in  connection  with  the  gennral  physiology  of  the  blood. 
Limitation  of  stafT  has  made  it  impossible  so  far  to  offer  this  course  in  the  depart- 
ment of  biochemistry.  Similarly  the  work  on  internal  secretions,  Chapter  16,  is  at 
present  taught  in  the  subdepartment  of  physiolofjy.  It  is  the  intention  to  organize 
and  offer  in  the  department  of  biochemistry  an  optional  1  mj.  on  quantitative 
methods  for  the  physical -chemical  examinntion  of  the  tissues  nnd  liquids  of  the 
body.  This  will  include  hydrogen  ion  determinations,  freezing  points,  conductivities, 
osmotic  pressures,  polariscopic  work,  refractivities,  surface  tension,  etc 
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1.  At»tio  Acid 

2.  Acetic  Acid   

S.  Alcoholic    Alpha    Naplithol 

4.  Alizarin    B«d    

5.  AmraoniiUQ  Bjdrato  (O.OO] 
ti.  AmmoniuEQ    U9l;t)d«t«    in 

rrNO^  

7.  Aminontum  Sulphntit  ..... 

K.  Ammonium  Suljihtdo  

9.  Anilino    Acptal«    ,  , 

10.  Biirofo«d'e  R<AfCBt    

11.  Bnrium  Chloride 

18.  BcitPdiet's     Allcftltn«     T*r- 

trate 

13.  nenodlcfi  CuRO     

14,  Benedicfa  K  Vvbn     

(  a 

lA.  niRntutli  Snhnitrate 

]fl.  Boat'  Rpftj^nt 

17.  BromiDe  W»tcr   

18.  Cjilciiim  Chloride  

16.  Cnldun  HjpQclitoilto  .... 

20.  Cnacln    

21.  CharoMl    (Bnlmal)    

22.  CfaloiDfann     

23.  Congo  Rm\   

94.  Cotton    [abaorbeot}    

S5.  Dextrin 

26.  DitnrthyJainWoflmlM^iMuil 

27.  Egg  mite 

28.  EibBPli'B  RQB.gent   

20.  Fchliii^e  Solution  Vo.  I  .. 
SO.  FihJinir'a  flolution  No.  2  . , 

31.  Fi»prie  Ammonium  Salphat4> 

32.  Polin-SlmfrcT  Reagent  .    ,. 

33.  Fbrmnldeliyde    

34.  Furfural    

35.  Oflfttin    

36.  Glucose    

37.  Glycerol    ^ 

38.  C!lyo<j-!ie  Acid 

39.  OuaiAeiim  Tlnctitr«    .  . 

4(1.  Oum  Arabic 

41.  0[lnabcrp'«  Ruigenl  

45.  Hainw'   Solution    

43.  n«bl>  Iodine  Rnlution   .  . 

44,  XlydrotMori*  Add    ... 
4B.  Iodine  in  KI  

46.  r.iictic  Aold   

47.  LaotoK    


Siio-nAct^  rmgenta. 

Sttntgth  eticngtb 

OlaoUl  48.  Lead  Ac«tAtc  Iweic 

N  4B.  Leviilose    Solid 

6%  50.  Magnniin  Utxtur«    

S%  fil.  Mairtieniuin  Chlorida \% 

52.  Mnlloss  Solid 

53.  M«rcurio  Cbloride \% 

S4.  Metli^l  Oningi)    

S»t  65.  Nitric  A«ld    , . . ,  N 

-  58.  Olive  on   

60%  S7.  Orrin      SQ%  Snt 

68.  Oxalic  Arid   N 

5^  S9.  Pani-dtinellijl-ainido-ben- 

»ild«h}rd«     .    — — 

flO.  Paraffin    SoHi! 

61.  Pi'ptone,   Witto   Solid 

02.  Plicnnl    2% 

Solid  IS.T  Phi^nolphtlial^in       O.S% 

64.  Ph^nylllydnl»llc   HCI    Solid 

Sat  65.  Phlnnigliiciii  in  nlrolml   . . .  2% 

5%  60.  Phofiplioinolyhdlc  Acid  .      .  2% 

67.  PlimphotuDgstic  Acid   ...  2% 

Solid  flft.  Picric  Acid  in  waU-r Sat 

-  60.  PotaHiiim  Bichromate   . . .  Com'l, 

70,  Potas-oium   Bichmmate   . . .  N/S 

71.  PotHKiium  Bifiiilphnbe SolU 

72.  Potaasium  Cbromat«  ......  Sat 

Solid  73.  PotaMlnm  Iodide  156 

0,5%  74.  Potftwium  Wcreurle  Todidc  Sat. 

I>ricd  75.  PotaMimn  Oxalate Solid 

. 70.  Potasxiiim  Snlphntyiitiati'  2% 

77.  Bcsorcin   in    Alcohol    .  0S% 

TAl  Saocharose   Solid 

N/Jt  70.  Silv*.r  Nitrii*j>         )% 

-  SO.  Roap  Snlutioii         \% 

1  tSOOO  81.  Sodium  Acetate Solid 

M/lOO  R2.  Sadium  AlMholatJ>  10% 

Solid  83.  Sodium  Carbonate N 

Solid  84.  Sodium  Chloridn -  Solid 

95\M%  85.  Sodium  Chloride N 

■  Fifl.  ftodnim  Hydrate  40  gma.  tn 

1*^  100    e.c 

Solid  87.  Rodittm  Nitrite   6% 

88.  Sodium  Nitraprntaiilc  Solid 

M.  Sodium  Ttiiodulpbato  .  \% 

9n.  RUrch Solid 

N  fll.  Siilphanilic  Acid       »% 

N/IO  02.  Tnlnim  Powder  SoM 

N  03.  Tannic  Acid  in  alcohol  . . .  20% 

Solid  04.  Thymol  in  aloohol 10% 


aso 
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95.  Tolu«n«    ,...       100%      98.  Va»cliiic      

»i.  Tropapolln    O.B56      B!>.  Zln«  Sulphate   Solid 

97.  T»rp*Btin»  100.  Zine  Sulphate  Sat.       1 

a.    8p«eiat  apparatua  for  genemt  atf.  ^^^^^| 

Blast  of  nir  anil  tpc^inl  appnnitus  cnrriritig  nliation  tulwi  for  ammonia  d*t*T-      i 
miiuitiimM  by  mlinitjon.     ICnch  iiiipurnltiA  ha«  pUcva  for   12  siiiLultfln««u* 
a^riitionai     Ri-e  Fiinin;  72. 

\k    KJcldahl  digcHtion  apporatui. 

c     Block  tin  n>ndrn«cr  ttill  with  IS-SQ  pUiora  for  ammonia  dii)Ulluti<ms. 

d.    2  oil  batlm  with  tube*  for  11m  in  Benedict's  rmn  det«Tmla&tion.    Flgnre  71. 

c.     i^rmg  copper  ]intA  trough  with  running  wat^'r  for  dinljaia  #xp<<rinicnti,  8"  x  8" 
xlfift. 

t.    BareltM  rorn«eted  vitli  large  bnttiM  contAJning  N/2  nnd  N/)0  H  SO    and  K«OU 
for  quantitative  titrntiona;  alio  with  saturated  BafOH),  soTntJoa. 

g.    4056  tolution  of  iwdfl-  ly*  nnnUining  Na  S  for  Rji>1d)ilil   de'tenniiiatinnw. 

10  Ib^  N»OE  (Commfreiftl  powdi^r;  soda  ly<)  add  whil^  nlirrinff  11,  3S0  «.«. 
WAter  and  Uien  SCO  grams  powdered  K  S  or  180  graiua  Na  8.    Btir  iMtfl 
la  dinolMd.     Allow  to  acttle  out  for  i-3  dnyn  and  nipfion  off  tli«  0' 
■upcmatant  lii|UKL     For  ukc  in  KjHdnhl-fiiininnfc  nitrogen  dGtcrmiaatl 
TakP  too  c.c  of  thli  aolution  to  neulrallw  thf  20  c.e.  eoncentratcd  H, 
u»«d  in  tlie  dilution.    This  soda  ly«  aolntion  if  ht-ni  h^pt  in  a  Inrgn  hot4J« 
sitting  on  a  Isrgr.  enameled  ware  plalr  tn  prot<Hrt  from  tlic  drip,  and  pn>- 
v1d«d  with  a  bieyelo  pump  or  oompri>sAi>[|-nlr  MnnMtion  by  which  air  prca- 
snro  oan  bo  made  on  the  aalution  so  as  to  drive  mhqc  over  from  the  delii'cry 
tube.    The  coric  haa  tiro  baleR.  one  cnnowting  with  tha  comprmneil  air  and 
provided  with  a  nido  tube  to  remove  the  nir  prc«iturc  when  the  required 
amount  nf  liquid  ia  di«^ha^K^d:  tlie  oihi-r  ntrrylng  the  itelirery  tube  which 
opena  TietAT  the  bottom  of  the  soda  \y«  bottle. 

h.    The  laboratory  mii^t  of  course  have  other  cominon  pieces  of  appnrvtu*  tv 
as  tb«TmiMlalK.  pn1nri««tpn.  spivtroicupc,  cnlorlmfters.  balances,  etc 

i     Woolen  blanket,  pnil  u(  auad,  pail  of  wulcf,  flrv  estingtiighors. 


4.     Oak  outfit  for  eorA  rtuAent. 

One  of  the  bliinlca  and  the  outSt  Is  in  the  deak  when  the  ttuilent  vntera 
(oune.  He  ehwks  off  thn  apparatus,  signs  Mux  blank  and  returns  blank  to  the  at 
room.     Tho  blank  is  as  follows: 


PnYSIOLOGICAL  CHEMfSTRY  OirTFTT.     (UnirnTslty  of  Chieago.) 

Thia  list  must  be  checked,  signed,  and  returned  to  tlie  Btorereom  before  th«_ 
•Indent  can  n«ei%'e  material*  from  Uie  storeroom. 

Not  retttmable  good*  in  tha  drawer; — 


Filter  paper.  3  ahceta. 
ATateltes  (aafefy). 
Bapolio. 


Tent-tube  brutli. 

Towel. 

Wire  film. 
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Et«turuablc  fpod*  in  the  jnwtr; — 

I   Duchn^r  fuiinvl  with  atopper. 

1  Burett*  with  pinch  cock,  50  e.e. 

2  KrlRnnif}-cr  Hiuik*,   ISO  cc. 

2  "  '•         aOO  CO. 

3  FtTimmlHtitin  luboj. 

2  Florence  flaike.  200  ond  IVOO  cue. 

2  GbuD  rods. 

1  Grnduated  cylinder,  5  cc 

1  OraduaUd  cj'tlnder,  100  cc. 

Betunmble  goods  in  the  cupboard:- 

3  Beakert,  IS  co. 

2  "        350 «.!!. 
1  Boaker,  tOOO  c.c. 

3  Bottliri-i,  SOO  cc. 
1  Bunni>n  burner. 

1  Dc*i«cntor. 

4  Evaporating  ilinhrn,  7,  10,  15,  8)   em. 
1  Filter  Itaak,  fiOO  t.e. 

i  Funnsla,  A,  10  rra. 


1  Graduated  pipette,  9  ex. 

I  Horn  upoon. 

1  Blortsr   aud   pestic. 

1  PipiitU,  2S  «.c 

1  Forwiain  peTforatM  Hitti  pUt«. 

1  Test/tubc  holder. 

1  Thernioin«t<<r. 

t  Wati^li  glaaaci,  2  Inch. 

I  Watch  gliua,  3  incli. 


J  tron  clamp  nnd  boidrr. 
3  Iron    rings,   3    &iz<s. 
1  Ir«D  aUnd. 

8  R«flux  coudfnBing  tiibv*. 
10  TMt-tnb«& 
1  T««Vtubc  mck. 
I  Tripftd. 
1  Wub  botUc 
I    Wirn  l>fl«k«t 


From  thn  Hlorttrom  :^1  iwy. 

RMcived  these  artlclci  In  good  condition. 

Bignrd 

UniyerBity  Addrcas 

HoBw  AddrcM 

Oetk  number 

Date  Checked  hy 

Course 

B.  General  directions  for  work. — Tlie  general  aim  siiould  be  to 
moke  as  much  of  the  work  accurate  ontl  c|iiantitativc  tut  possible.  A 
quautitattvc  cxpcrinw^nt,  leai-hca  a)l  tliat  a  qimlilativc  experiment  teaches, 
and  much  besides;  in  addition  it  requires  careful  and  accurate  manipu- 
lation and  cloanlinefls,  qaalitie.i  bo  cus^utial  \o  a  phyKicinn  or  chomist. 
In  the  experimeuta  whioh  are  desyribed  it  is  eaH«ntiaI  when  quantltiea 
of  certain  materials  are  mentioned  that  they  be  accurately  meagured 
and  all  the  conditions  of  the  experiment  carefully  noted  and  fulfilled. 
Tlie  results  of  many  of  the  experiments  arc  only  instructive  when  they 
have  been  accurately  performed,  under  griven  conditions  and  with  suit- 
able controls. 

The  first  requisites  to  proper  laboratory  manipulation  of  any  kind, 
whether  chemical,  physical  or  surpeal,  are  neatness  and  order.  Neat 
workers  only  van  be  accurate  manipulators.  Orderly  workers  usually 
make  fewer  mistakes  !n  laboratory  manipulation  than  do  those  who  go 
over  the  work  hurriedly  and  without  sj'stem  or  plan. 

Apparatus  found  in  the  desks  should  first  be  cleaned,  rinsed  with 
distilled  water  and  allowed  to  drain.    Each  time,  immediately  after  use. 
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the  apparatus  should  be  cleaned  and  kept  ready  for  use.  Ibfost  of  tlie' 
apparatus  soiled  in  this  work  is  best  cleaned  by  rinsing  well  with  warm 
water,  then  washing  with  soap  and  water  and  brush  or  cloth,  then  again 
rinsing  well  with  warm  water  and  finally  rinsing  with  distilled  water. 
Id  every  case  friction  must  be  used  by  rubbing  wiUi  a  bruab.  Never 
dry  the  inside  of  a  beaker  or  olhcr  chemical  vessel  with  a  towel.  If  i|t 
most  be  dried  quickly,  rinse  with  olcohol  and  ether  and  dry  with  a  cur- 
rent of  air;  or  diy  by  gently  warming  afler  rinsing  in  distilled  water. 

Test-tubes  should  never  be  i-inacd  only,  but  should  bo  washed  by 
means  of  a  brush  and  then  should  be  well  rinsvd.  In  most  cases  clean- 
ing mixture  is  not  necessary,  cspceially  us  usually  employed  by  the  inex- 
perienced. Use  judgment,  lu  deauiug  your  apparatus;  for  instance,  do 
Qcil  try  to  remove  Euti>  by  riusing  with  duaiitnf;  mi^turu  and  do  not 
try  to  remove  barium  salts  by  means  of  cloaaing  mLUure.  Always  uso 
the  appropriate  solvent  first,  then  remove  the  excess  of  the  solT(»tt  an<l' 
continue  with  the  washing  as  above.  Piputtcs,  after  the  preliminary 
cleaning  with  the  appropriate  solvents  and  I'iustug  as  above  iadieatod, 
often  require  further  treatment  witli  hot  ('leaning  misluns.  Finally, 
rinse  well  wilh  warm  water  and  di-tlillcd  water. 

In  measuring  reagcnls.  do  not  in.w:rl  a  pipette  into  the  reagent 
bottle,  but  potir  off  about  the  amount  desired  into  a  dry  vessel  and  then 
mra<nire  therefrom,  by  the  pipctlo.  Xever  return  solid  or  li<iuid  reagents 
(o  the  stock  bottUs. 

In  taking  samples  or  reagents  with  a  pipette  b«  sure  to  have  yotu* 
pipctlo  clean  and  dry,  or  rinsed  with  a  part  of  the  solution  at  least 
twi(M>  before  :iieasuring  it  off.  After  rinsing  with  a  part  of  Ihe  solution, 
hold  the  pipctic  between  the  thumb  and  sceood  finger,  draw  up  tlia 
liquid,  place  the  index  finger  on  the  niontlipiow  nud  by  turning  tho 
pipette  betwrcn  the  thumb  and  s^-imnd  linsrcr  allow  the  lower  part  of 
the  meniscus  to  come  on  a  level  with  the  mark.  Then  observe  that  no 
drops  adhere  to  the  outside  of  the  pipette  and  transfer  tho  licjuid  to  the 
proper  veaacl.  Allow  to  drain  by  touoliiug  the  side  of  the  vessel  with 
the  tip  of  the  pipette,  hut  never  blow  into  the  pipette. 

Above  are  givt-n  two  lists  of  reagents  arrauged  in  Ihe  or<lcr  they  am 
found  on  the  shelves.  Do  not  iusort  pipettes,  gla<a  rods  or  other  uteusiU 
into  these  reagents.  Do  not  lay  the  stoppers  on  the  desk  or  other  sur- 
faces; learn  to  hold  tho  stopper  in  your  hand  while  pouring  from  the 
bottle.    Do  not  moisten  litmus  paper  by  means  of  the  stoppers.    rLsasB 

BRTCnN  EACH  BOTTLE  TO  THE  PROPER  PL.\CE  niMKDIATrLT  APTEB  USE. 

Your  note-hook  must  contain  for  each  experiment  the  following  data*. 
1.  The  object  of  the  experiment;  the  question  to  be  answered  by  the 
experiment.  Do  not  begin  the  experiment  uutil  you  know  this.  2.  A  brief 
but  accurate  statement  of  the  methods  employed  for  its  solution.    S.  Alt 
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results  of  weighings,  readings  of  bnrcttes,  measurements,  etc.,  at  tlie  time 
they  are  made.  All  calculations  should  be  given.  4.  A  concise  eritieal 
statement  of  the  conclusion. 

filtering.  Nearly  all  slimy  or  flocculent  precipitates  are  best  flltered 
by  folded  or  creased  filters  witliout  the  use  of  suction.  Crystalline  or 
granular  precipitates  may  be  filtered  to  advantage  with  suction.  If  it 
is  desired  to  save  a  precipitate,  select  the  size  of  the  tiltcr  with  r^:ard 
to  the  si2C  of  the  precipitate,  not  to  tlie  size  of  the  filtrate.  Albuminous 
precipitates  which  stick  to  the  filter  arc  best  takea  from  the  filter  paper 
while  they  arc  still  somowliat  moist. 

Genera/  principles.  Avoid  using  excess  of  reagents;  keep  the  num- 
ber of  different  kinds  of  svibstauees  in  a  solution  as  small  as  possible. 

CAUTION.  Aceloue,  alcohol,  ether,  beuziue,  glacial  acetic  acid  are 
inflammable.  Never  heat  any  of  them  over  the  free  flame.  Heat  them 
on  the  steam  or  water  or  electric  batJi.  Have  no  lighta  near  nkcQ 
pouring  ether,  acetone  or  benzine  from  one  vessel  to  onoihcr.  In.  case 
of  fia-e,  if  in  a  dish  or  fiasfc,  cover  it  with  a  wet  towel,  thus  suffocating  it. 
Water  may  be  added  to  an  alcohol  or  acetone  Qiv.  Blankets  are  kept  in 
tlie  laboratory  for  use  if  elothiug  catches  fire. 

I.     CARBOHYDRATES. 

In  tlie  work  outlined  below  make  your  testa  comparable  in  quautities 
and  conditions.  The  slock  solutions  of  the  mono-  and  di-sHccharideti  are 
M/5  in  strength  and  are  preserved  by  toluene.  Iii  making  the  dilutions 
called  for,  please  do  not  tise  more  than  necessary  for  a  day's  work. 
Before  coming  to  the  laboratory  you  should  have  fully  studied  the  part 
to  be  considered  that  day. 

*  X.    Physical  characters  of  the  carbohydrates. 

•  a.  Test  the  soluhilily  of  slarch,  saccharose  and  dextrose  in  etker^ 
alcohol  and  water. 

Into  clean,  perfectly  dty  test-tubes  introduce  an  amount  of  finely 
divided  carbohydrate  almut  equal  in  volume  to  the  size  of  a  wheat 
kerncL  Now  add  5  c.c,  of  the  solvent.  Allow  to  act  with  frequent  agi- 
tation for  15  minutes,  then  filter  through  dry  filter  papers  and  funnels 
and  apply  the  o-naphthol  test  (Molisch)  on  the  clear  filtrates,  as  out- 
lined below.  Bxpt.  25,  page  864.  Test  the  solubility  of  each  of  the  three 
carbohydrates  mentioned  in  botb  hot  and  eold  alcohol,  ether  and  water, 
warming  the  alcohol  and  ether  on  Ihe  water  bath.  In  testing  the  filtrates, 
when  alcohol  and  ether  have  been  used  as  solvents,  it  is  neecssarj'  first 
to  remove  the  solvent  by  evaporation  on  the  water  bath.  CAUTION  1 
no  NOT  WORK  NEAR  A  FLAME.  Then  add  4  c.c.  distilled  water 
to  the  residue  in  the  test-tube,  cool  and  apply  the  Molisch  test  for  carbo- 
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faydratee.  Make  a  blank  control  t«st  on  4  c.c.  distilled  water.  Note  tti« 
diflTeraneea  in  the  intensitJeu  of  the  roju!li»u  ui  the  various  tuboa. 

*b-  Staie  of  aggregation  of  carbohydrates  in  solution.  Crystalloids 
and  coUoids. 

Dt'tcrmiiK!  which  of  the  carliotiytlraUa  given  below  diffuse  through 
parchment  paper.  Uae  M/25  soUitioPH  of  ghicose  and  saccharoatt,  0.7 
per  cent,  siareb  paste  and  a  O.G  per  cent,  solution  of  gum  arnbic.  In 
making  tlie  starch  paste,  weigh  off  0.35  gram  of  dr>'  starch  into  a  small 
porcelain  diah^  add  5  c.c.  diatilled  cold  water,  stir  until  well  suspended 
and  then  while  continnally  stirring  pour  into  45  c.c.  boiling  dtatUled 
water.  Boil  the  mixture  for  2  minutPS  and  finaUj  add  distilled  wat 
to  make  the  total  volume  50  c.c. 

Prepare  the  parchment  tubing  by  allowing  it  to  remain  in  distill* 
water  for  10  minutes.  Fill  with  distilled  water  and  see  that  tlic  tubing 
does  not  leak.  Empty  out  the  distilled  water  and  introduce  into  the 
tubing  10  c.c.  of  the  carbohydrate  solution  to  be  tested  and  aet  the  tubes 
in  75  or  100  c.c.  beakers  containing  20  c.c.  distilled  water,  the  ends  of 
the  parchment  tubing  being  kept  above  the  level  of  tlie  water  in  the 
beaker  so  that  no  ndmixture  of  water  and  coDtents  of  the  tube  can  occur 
oxoept  through  dilTusion.  After  standing  one  hour  test  5  c.c.  of  the 
solutions  in  the  beakers  by  the  Molisch  reaction.  Why  are  some  carbo> 
hydrates  diffusible,  others  not! 

c.    Precipitatioiir  of  starch,  a  colloid,  hif  $alls. 

Saturate  10  c^  of  a  1  per  cent,  starch  solution  with  powdered 
ammonium  sulphate.  Note  the  precipitate.  Filter  off  and  test  the  fil- 
trate for  starch  by  adding  to  it  a  drop  of  I,K1  solution.  In  the  presence 
of  starch  a  blue  color. 

•  II.     Reactions  of  carbohydrates  of  biochemical  interest. 

A.  ACTION  OF  STRONG  ACIDS  ON  CAItBOUY ORATES. 
MONOSACCHARrD'ES. 

*  2.    On  Pentoses,    (a)  Formation  of  furfural  from  pentosans. 
The  diatillatious  below  may  be  couducUnl  in  groups  uf  three:  (a) 

l>eing  distilled  by  one,  (b)  by  another  and  (c)  by  a  thurd  student.  Com- 
pare the  eoQtcnts  of  each  other's  distilling  Hanks  from  time  to  time, 
also  the  odors  of  the  distillates. 

To  10  grams  of  wheat  bran  in  a  250  c.c  Florence  fiask  add  70  cc. 
ol  a  mixture  of  equal  volumes  of  cone.  HCl  and  water.  Coimect  with 
a  water-cooled,  glass  condenser;  heat  gradually  with  a  flame,  keeping 
the  flame  in  motion  imtil  distillation  has  begun;  then  distill  until  about 
30  c.c.  has  Iweu  collected.  Shake  the  distillate  witli  15  ce.  portions  of 
ether  four  times,  removing  and  saving  the  ether  layer  each  time.  This 
shaking  is  best  done  in  a  separatory  funnel,  but  may  also  be  done  in  a 
large  test-tube  and  the  ether  removed  each  time  by  means  of  a  pipette. 
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Combine  all  the  ether  extractions  in  a  beaker  and  allow  to  evaporate  alovly 
on  th«  8t«am  bath,  do  kot  evafobate  on'  the  gas-heated  baths.  When 
all  the  etli«r  has  evapor&1«d,  add  100  c.o.  distilled  vrater  and  stir  until 
all  is  dissolved.    Set  aside  for  the  comparative  testa  later. 

Over  the  moiiUi  of  the  flask,  whilr;  still  hoiting  very  gently,  plaee  a 
piece  of  anilin-acetate  paper.  To  prepare  lliis  plac*  a  drop  of  50  per 
cent.  anilin-aretat«  solution  on  a  small  piece  of  filter  paper  and  allow 
to  become  partially  dry.    Furfural  turns  it  pink. 

*  3.  On  hexoses.  (b)  Formation  of  methoxyfurf ural,  humJc  acids 
and  levulinic  acids  from  glucose. 

Proceed  in  the  .same  manner  as  given  under  (a)  above,  using  10 
grara.s  glucose  instead  of  bran.  Note  and  explain  the  color  of  the  solu- 
tion very  soon  after  diatiltatioD  has  begun  and  at  the  completion  of  the 
distillation.  Proceed  with  the  ether  extraction  as  above,  but  instead 
of  dissolving  the  residue  left  on  evaporating  the  ether  extract  in  100 
c.c.  water,  use  only  10  c.e.  Test  acidity ;  reduction  of  silver  nitrate 
(formic  acid) ;  try  iodoform  test. 

The  residue  iu  tlic  flaak  oontnins  humic  acid,  furfurals,  levulinic  aeid 
and  some  formic  acid.  The  formation  of  levulinic  acid  in  this  process 
is  characteristic  for  hcxoses  and  those  polysaccharides  which  yield  hox- 
oses  on  hydrolysis.  After  removing  the  greater  part  of  the  furfurala 
by  distillation,  and  the  humic  acids  by  filtration,  one  may  extract  the 
levulinic  acid  from  ihe  filtrate  by  etiier.  The  ether  solution  on  evapora- 
tion yields  crude  levulinic  acid,  which  even  in  tlu:  cold  readily  forms 
iodoform  when  made  alkaline  with  NaOIl  and  a  few  drops  of  1  in  KI 
solution  (No.  43}  added.  "What  otlier  common  substances  readily 
yield  iodoform  by  similar  treatment!  Are  these  substanoee  likely  to 
be  present  here  J  To  further  identify  levulinic  acid,  it  is  usually  sepa- 
rated as  the  zinc  salt  and  then  identified  as  tlie  silver  salt.  {Antialen, 
-06,  pp.  207  and  226.)  Carry  out  the  anilin-aee'tate  test  and  compare 
with  2  (a). 

*  3.  (c)  Formation  of  tnethoxyfurfural,  humic  and  levulinic  acids 
from  levulose. 

Repeat  3  (b)  above  on  10  grams  levnloae,  but  before  beginning  the  dis- 
tillation add  a  few  pieces  of  broken  glass  to  the  material  in  the  distilling 
flaak.  Carry  out  the  anilin-acetate  test  and  compare  with  2  (ft) 
and  3  (b). 

*  3.  (d)  Examine  the  three  distillates  from  a,  b  and  c  above  for  the 
presence  of  furfural  by  the  reactions  on  page  863. 

Note  any  differences  of  color  and  the  relative  intensities  of  the  reac- 
tion. Try  the  Jlolisch,  orcine  and  phloroglucine  reactions  on  the  diatil- 
latee.  From  which  sugar  do  you  get  the  most  furfural!  Write  the 
reaction  iu  your  note-booka,  diowiog  the  production  of  furfural  from 
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a  pentose.    Write  the  structural  fonnulaa  ol  leTolinic  acid  and  foomue 
acid. 

•  B.    ACTION  OF  STHONG  ACIDS  ON  DISACCHAKIDES. 

*  4.     Inversion  of  cane  sugar. 

a.  To  10  cc  of  a  M/2  soluiioc  of  saccharose  add  an  equal  quantity 
in  a  test-tube  of  K/2II,S0,  and  iouuerse  in  boiling  water  (or  45  minutes. 
While  this  is  beating  lake  in  another  test-tube  10  c.c.  of  M/'2  saccharose, 
dilute  it  with  an  equal  quantity  of  water  and  dctemiine  its  specific  rota.- 
tory  power  at  20'  C.  by  means  of  the  polariscope  (sec  page  25).  At 
the  end  of  the  45  miuutca  of  heating  the  original  solution,  cool  it  to 
the  temperature  of  tbe  solution  you  have  just  examined,  about  20'  C, 
and  determine  the  specific  rotatory  power  of  this  and  compare  it  with 
the  other.  If  the  solution  is  still  dextro-rotatory,  return  it  to  the  water 
bath  for  longer  beating.  Explain  the  change  in  the  rotatory  power  pro- 
duced by  the  acid.    Write  the  reaction. 

b.  After  recording  the  polariscope  reading  of  the  solution  which 
ban  been  heated  with  acid,  neutralize  the  acid  exactly  by  adding  care- 
fully from  a  burette  N/2NaOn  or  cold,  saturated  barium  hydrate,  using 
litmus  OS  an  indicator.  Do  not  add  an  excess  of  alkali.  Filter  trota 
the  barinm  stUphatc,  if  Ba(OH:),  has  been  used,  and  test  the  reducing 
power  of  the  solution  with  Fehling's  and  Barfoed's  reagent  Has  the 
reducing  power  been  increased  or  diminished  by  the  acid  treatnicntt 
Kxj)laiti.    Teat  some  of  the  tiltrate  for  the  presenee  of  levulose. 

5.  Hydrolysis  of  lactose  and  maltose  (a)  Repeat  experitnent 
64.3.  with  lactose  and  maltose. 

6.  Comparative  case  of  hydrolysis  of  saccharose,  maltose  and  lac- 
toae  by  acids. 

Place  in  three  separate  30  c.c.  test-tut^es  5  c.c.  of  M/5  solutions  of 
lactose,  maltose  and  saccliarose.  Add  to  each  tube  15  c.c.  N/2Hj80,. 
Immerse  all  three  in  boiling  water  for  45  minutes;  transfer  the  solu- 
tions to  100  c.c.  beakers  and  carefully  neutralize  to  litmus  by  adding 
from  a  burette  drop  by  drop,  while  stirring,  cold  saturated  Ba(OH), 
solution.  About  17  cc.  of  Ba(OH),  solution  will  be  required.  Avoid 
adding  an  excess  of  alkali,  as  the  solution  must  not  become  alkaline  and 
an  excess  may  precipitate  a  part  of  the  cai-bohydrates.  Finally  dilute 
eaeli  to  50  c.c.  with  distilled  water,  mix  well,  heat  to  boiling  and  set 
each  aside  (0  settle  out  the  BaSO..  Take  S  c.c.  of  the  clear  supernatant 
liquid  from  each  into  separate  lubes,  add  to  each  lube  5  cc.  of  Barfoed's 
solution  and  obser^-e  the  relative  speeds  of  reduction  when  irameraed 
in  boiling  water.  Which  sugar  hydrolyr.es  the  most  rapidly  by  acidt 
Test  another  5  c.c.  of  each  of  the  solutions  for  levulose  by  the  SelJwanolT 
method-  (Bxperiment  27.)  Write  the  structural  formula  of  lactose 
and  show  how  tlic  acid  probably  attacks  the  molecule.    (Page  57.) 


FRACnCAL  WORK  AND  METHODS 


857 


•  C.    ACTION  OF  STRONG  ACUJS  ON  POLYSACCHARIDES. 

*  7.  Prepare  I  per  ccot.  solutions  of  starch  and  gum  arabic  by  mix- 
ing the  powdered  carbohydi-ate  with  a  liiUe  eold  water  and  pouring  it 
while  stirring  into  about  73  c.e.  of  boiling  diiitillcd  water.  Dilute  the 
solution  to  lUO  cc  Test  the  ruduulug  action  of  tJiesc  solutions  towurd 
Fehling's  solution  in  thu  maimer  deticrihed  on  page  860  and  record  your 
results.  Also  add  to  a  portion  o£  each  solution  a  drop  of  I,KI  solution. 
Observe  the  blue  color  which  develops  in  the  starch  solution  if  it  is  cold. 
Now  place  in  two  150  c.c.  Erleamoyer  flasks  0.1  gram  of  starch  and  gum 
arabic  respectively;  add  5  c.c.  distilled  water  and  0.5  c.c.  concentrated 
H,SOf  (measured  by  a  5  e.c.  graduated  cylinder).  Fit  the  flask  with 
a  reflux  condenser  and  heat  ou  tlie  water  bath  for  four  hours.  Neu- 
tralize the  solution  as  above  witli  saturated  Ba(OU),  solution.  About 
40-45  C.C.  will  be  required.  "When  neutral  dilute  to  50  c.c.  Heat  to  boil- 
ing and  allow  to  settle  as  abo%'e.  Test  5  c.c.  of  the  clear  filtrate  for  starch 
with  the  IgKI  solution.  Is  any  color  formed  T  Kecord  it.  On  other  por- 
tions of  each  ^trute  make  the  Barfoed,  Seliwanoff  and  Tollens  phloro- 
gluein  reaction.  Record  tlie  results  in  a  lAbidar  forni.  What  sugars 
are  formed  from  starch  by  Uie  action  of  the  acidt  What  from  the 
gum  arabiet    Do  either  of  these  carbohydrates  contain  pentosesf 

D.  DISSOCIATION  AND  DECOMPOSITION  OP  CABBOHY- 
DEATES  BY  ALKALIES. 

*  7(a).    Caramel  and  humus  formation.     (Moore's  t«8t.) 

Some  of  the  carbohydrates  are  unstable  in  alkaline  solution  and 
decompose  with  the  formation  of  caramel  and  humus,  dark-colored 
subslanccs. 

To  1  c.c.  of  the  M/25  solutions  of  saccharose,  maltose,  levulose,  glu- 
cose, arabinose,  0.70  per  cent,  dextrin  and  O.GO  per  cent,  gum  arable 
solution,  each  in  a  separate  test-tube,  add  1  c.c.  10  per  cent.  NaOH  solu- 
tion. Immerse  in  boiling  water  and  note  the  changes  in  the  color  and 
odor  developed.  Heat  thus  for  15  minutes.  The  dark  color  developed 
ou  heating  with  NaOH  is  known  as  Moore's  test  for  carbohydrates. 
Most  colloidal  polysaccharides  are  not  attacked  even  by  strong  alkali. 
Save  the  contents  of  the  tubes  and  proceed  with  experiment  10.  This 
experiment  is  the  proof  that  cane  Kugar  is  not  hydrolyzed  by  alkali. 

♦  8.  An  experiment  showing  how  the  reducing  power  of  carbo- 
hydrates is  increased  by  treatment  with  alkalies. 

The  object  of  this  experiment  is  to  show  how  the  different  compo- 
nents of  FchUng's  solution,  namely,  tlie  alkali  and  the  cupric  saltSv  are 
acting,  and  also  to  show  that  the  alkali  greatly  increases  the  reducing 
power  of  the  sugar  so  that  it  becomes  capable  of  reducing  even  an  acid 
cupric  Bulphatc,  or  methylene  blue  solution.  Methylene  blue  becomes 
colorless  when  it  is  reduced. 
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a.  Prepare  the  following  solutions  in  test-tubes,  measuring  off  til 
fioluiious  iu  the  order  iudicated  and  measuring  carefully  by  mc&zu  o 
•  graduated  pipette: 


B 

0 
E-6<A 


M/6  glucose    &  o.«. 

N/2   N»0!1    4m, 

N/2H^80^ 0 

tmnierM  in  boiltog  wkUr  Tor  ID  mlnutca  then  aJiI 

N/2  U  SO    5.6  C.C  0 

K/2  N»OH   0  4o.«. 

Jifw  th6  contents  of  ec€k  tube  well.  Both  tubes  now  contain  the  sam 
Jamceutratious  of  Na,SOt,  HiSO^  and  carbohydrate,  but  in  tube  A  th 
carbohydrate  has  been  acted  upon  by  alkali,  whereas  U  has  not  beei 
exposed  to  alkali. 

b.  Measure  off  into  tubes  No.  1  and  No.  2,  2  cc.  samples  of  A  am 
It  respectively.  Now  add  to  each,  2  ce.  of  a  dilute  CuSO^  solution 
(dilute  l<'ehlii]g:'s  No.  1  CuSO^  solution.  No.  29,  with  9  volumes  distilled 
water).  AUx  the  contents  of  each  lube  well  aud  uamerse  in  boiling 
water  for  5-10  minutes.  Note  the  difference  iu  tlie  colors  of  the  solu- 
tions. The  faint  bluish  color  will  disappear  in  one  of  the  tubes.  T<! 
eacb  tube  now  add,  after  cooling,  2  c.e.  strong  NU,OH  (No.  5).  Not4 
tlie  difference  in  color  now.  Cupric  salt  solutions  become  a  deep  blutf 
color  on  the  addition  of  anunonia.  Are  any  cupric  ions  left  in  the  solu^ 
tion  which  was  healed  while  it  was  alkaline  f  Explain  the  changes  in 
color  and  why  solution  A  should  act  diffei'ently  from  solution  B. 

c.  Kepeat  as  in  (b)  above,  but  instead  of  adding  the  CuSO,  solutioD 
add  1  C.C.  of  a  O.OOa  p«r  cent.  melhyUne  blue  solution  to  each  and  thnn 
inunersc  in  boiling  water.  AVhich  one  decolorizes  the  metliylcne  blue  and 
whyt 

*  9.  The  change  of  aldoses  to  ketoscs  and  vice  versa  in  alkaline 
solutions. 

Dilute  alkali  causes  a  rearrangement  of  the  atoms  of  the  last  two 
or  three  carbons  producing  aldoses  from  ketoses  and  a  variety  of  sugars 
from  glucose. 

Prepare  tubes  &s  indieatod  below: 


!«.«.  MUraud  Ih(OU>(Mil.«Hlla.«.«f 


»e.  U M/SI«niloM 

If 9.  8» "     8^e»M 

Vtt.  3s  "     arabinoH 


B 

1.  cc.  II,0aciil1  ce.  «r 


No,  lb lys  IcvuloM 

Nft.   2b *'     gltieote 

No.  3b  ....,..,..,....      "     nrabinoM 


Cover  the  solution  in  «acb  case  with  a  layer  of  toluene  about  one-fourtii 

inch  thick  and  scl  aside  overnight.    The  next  day  take  1  cc.  from  each 
tube,  neutralize,  add  5  cc.  of  ScUwanoff's  reagent  (in  experiment  27) 
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and  immerM  all  the  tabes  in  boiling  water  at  the  aame  time.  Compare 
the  speed  of  development  and  intensities  oE  the  colors  in  tlie  different 
tubes.  Suliwaaulf's  reaction  is  given  mast  promptly  by  t-he  ketotses. 
Explain  tlie  Inuisformation  of  an  aldose  to  a  kelose.  Why  must  ttie 
reaction  be  alkaline  for  the  transformation  to  occur}  See  page  32. 
Write  structural  formulas  showing  the  transformatioD  of  an  aldose  to  a 
ketoae. 

To  make  this  esperiment  of  any  value  the  solations  must  be  aooa- 
rately  measured  and  aU  tubes  treated  in  precisely  the  same  manner; 
heated  for  the  same  length  of  time,  etc. 

*  10.  An  experiment  showing  that  cane  sugar,  starch  and  gum 
arable  are  not  tiydrolyzed  by  alkalies. — Neutralize  the  contents  of  the 
tubes  of  experiment  7  exactly  with  N/2  n^SO^.  add  to  each  tube  an  equal 
volume  of  Fehling's  mixture,  and  immerse  in  boiling  water  for  4  min- 
utes. Do  you  obtain  any  reduction  in  the  cane  sugar,  starcit  ami  gum 
arabic  tubesi  Are  these  carbohydrates  attacked  by  alkaliest  Why  ai-e 
they  not  at  tacked  f  Uad  these  sugai-s  been  bydroly^d  by  the  alkali  they 
would  all  have  developed  a  brown  color  by  the  decomposition  of  the 
monosaccharides  set  free. 

B.     KEDUCING  REACTIONS  OK  CARBOIIYDKATES. 

II.  Monosaccharides  when  treated  with  alkalies  will  spontane- 
ously  oxidize  themselves  from  the  oxygen  of  the  air. 

a.  Place  2  grams  of  Icvulose  in  a  lUO  c.c.  flask,  add  50  e.e,  N/3 
NaOU,  stopper  tlie  Sask  tightly  with  a  rubber  stopper  which  has  a 
glass  tube  through  it  to  which  a  short  piece  of  rubber  tubing  is  attached, 
the  rubber  tubing  being  closed  witli  a  plneh  cock.  Shake  the  flask  vigor- 
ously for  fifteen  minutes  to  thirty  minutes.  .Ittai-h  a  short  gliiss  tube  to 
tliQ  end  of  the  rubber  tubing,  being  careful  uot  to  open  the  pineh  eock. 
Place  the  end  of  the  glass  tube  under  water  and  open  the  pinch  cock. 
If  tliere  is  a  negative  pressure  in  the  flask,  the  water  will  rise  in 
the  tube.  What  has  happened  to  develop  a  negative  pressure  in  the 
flaakf 

*  13.  Monosaccharides  and  some  disacchartdes  reduce  solutions 
of  cuprtc  salts. 

*  a.  Solvent  aciion  of  carbohydrates,  sodium  pottusium  tartrate  and 
glycerol  on  cupric.  hydrate.  To  prove  that  the  cuprie  Hydrate  combines 
with  the  reducing  body  before  it  is  reduced. 

The  experiment  which  follows  not  only  proves  the  union  of  oxidizing 
aud  reducing  body,  but  ahio  illiistratcs  the  function  of  the  sodium 
potassium  tartrate  in  Fehling's  solution. 

To  5  e.c.  Fehling's  CnSO»  solution  {No.  29)  gradually  add,  while 
stirring  well,  5  c.o.  10  per  cent.  NoOn.  Measure  off  four  2  c.c.  portions 
of  this  mixture  into  different  test-tuhes.    Then  proceed  as  follows: 
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Add  to 
1'ubo  No.  1  about  1  gm.  tolid  sac«b«roBe. 
Tube  No.  2  About  I  gu.  Bodiuiu  potAMiura  tartrsU. 
Tlibi"  No.  3  6  CP.  glj'nrol. 
Tube  Xo.  4  notbing. 

Boil  and  uotc  in  which  tubes  the  precipitate  disappears.  Many  other 
neutral  .substantias  possess  this  solvent  action  toward  cupric  hj^drate. 
Polytiydric  alcohols  aad  salts  of  many  polyhydroxy  acids  as  well  as 
amino-acidB  have  *bis  property.  The  same  power  appears  in  the  solvent 
action  of  Schweitzer's  i-eagent  toward  cellulose. 

•  13.    Reduction  of  Fehling's  solution. 

Prepare  20  c.c.  of  Fehling's  solution  by  miiLng  thoroughly  10  cc 
Fehling's  solutions  No.  I  and  No.  2  respectively.  Pleasure  off  eight 
cc.  portions  Into  different  test-tubes  and  add  thereto  respectively  2  cc. 
of  M/SOO  solutions  of  arabinose,  levuloae,  glucose,  galactose,  maltose, 
lactose,  saccharose  and  water.  lAix  well  oud  immerse  ia  boiling  water 
at  the  same  time  and  beat  for  15  minutva.  Note-  the  time  when  thu 
first  sign  of  reduction  of  the  copper  becomes  mauifeat  iu  each  tube,  A 
red  precipitate  of  cuprous  oxide  will  be  formed  and  settle  to  tho  bottotn 
of  the  tube. 

*  14.    Reduction  of  Barfoed's  solution. 

Barfoed's  reagent  is  acid,  not  alkaline  like  Fehling's.  It  is  prepared 
(No.  10)  by  dissolving  13.3  grams  of  crystallized  neutral  cuprie  acetate 
in  200  cc  dislilli-d  water.  This  is  filtered  if  net;(;ssary  und  to  each  200 
cc  filtrate  are  added  5  cc  of  a  38  per  cunt,  acetic  acid  solution. 

Determine  the  speed  ia  which  the  following  solutions  reduce  5  c.e. 
of  the  reagent  Eurmshcd.  Use  5  c.c.  of  M/lOO  solutions  of  arolinow, 
glucose,  leyiilose  and  galaetoee,  also  M/lOO  and  M/25  solutions  of 
maltose,  laclwie  and  saccharose.  Immerse  iu  boiling  water  and  continue 
heating  tlierein  for  25  minutes.  Wliy  is  the  reduction  of  an  acid  solu< 
tion  of  a  cupric  salt  slower  than  that  of  an  alkaline  solution  t  Barfoed'i 
solution  is  sometimes  rccaumende<l  for  diHiinguishing  disacchuridea 
from  monosaccharides;  is  this  a  legitimate  recommendation  in  the  light 
of  your  experiment  1 

h.    Other  reduction  tests  for  airbohydratis. 

15.  Haines'  Solution. — Haines'  solution  (No.  42)  it  prepared  by 
dissolving  8.314  grams  copper  sulphate  in  400  cc  water,  adding  40  ex. 
glyeeriu  and  then  500  c.e.  5  per  cent.  EOII  solution.  To  5  e.c.  Haines' 
solution  (No.  42)  add  one  drop  M/d  glucose  solution  and  heat  to  boiling. 

16.  Pavy*s.  Purdy's  and  Long's  solutions. — These  arc  similar  to 
Fehling's  and  Haiues'  solutions,  but  contain  an  excess  of  NH.OII.  To 
1  c.c  of  a  mixtuK  of  equal  parts  of  Fehling  's  solutions  No.  1  and  No.  2 
add  I  cc  strong  NU,OH  (No.  5)  and  1  cc  M/5  glucose  soLutiom  Boil 
for  a  few  BccMids. 
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*  17.  Benedict's  solutions  for  the  quantitative  volumetric  esti- 
mation of  "reducing"  carbohydrates. — The  rcasrnt  here  employed 
is  made  by  mixing  equal  volumes  of  solutionfl  A,  R  and  0  below. 

Solution  A  contains  69.3  grams  CuSO.  in  1  liter. 

Solution  B  contains  346  grams  sodium  polaKstiim  tartrate  and  200 
grams  Na.COj  (anhydrous)  in  1  liter. 

Solulion  C  contains  30  grams  K.FeCN,,  125  grams  KCNS  and  100 
grams  NajCO,  (anhydrous)  in  1  liter. 

The  principle  of  this  method  is  that  in  presence  of  sufficient  of  the 
sulphocyanate  the  white  cuprous  sulphoeyauate  is  pi-ecipitated  as  soon 
as  reJucliou  of  ihc  cuprie  ions  has  taken  plaoo.  To  .">  o.e.  of  the  Bene- 
dict mixture  (heated  until  free  from  precipitate)  add  1  c.c.  M/5  glucose 
solution  and  heat  again. 

*  18.  Reduction  of  bismuth  salts  to  metallic  bismuth  (Bottger's, 
Nylander's  and  Almen's  tests). — ^Tho  principle  involved  here  is  that 
an  alkaline  solution  of  "  reducing  "  carbohydrate  reduces  bismuth  iona 
to  insoluble  black  metallic  bismuth. 

To  a  pinch  of  l)i.smuth  Hubnitrate  add  1  c.c.  N/2  NaOU  and  1  c.c. 
Jf/5  glucose.  Ilent  to  boiling.  Flow  do  Kiilphidwi  interfere  wilh  this 
test!    How  would  you  rrmove  sulphidcsf 

*  19.  Reduction  of  mercury  salts  to  metallic  mercury.  (Kna.pp*fi 
and  Sachsse's  reactiona). — To  1  c.c.  of  the  potassium  mercuric  iodide 
Bcilution  (No.  74)  add  I  r.c.  N/2  NaOH  and  I  i:c.  M/.'i  glucose  solutioD. 
Heat  to  boiling. 

*  20.  Reduction  of  silver  salts  to  metallic  silver. — To  1  cc.  of 
AgNO,  solution  (No.  79)  add  1  c.c.  Nil, Oil  and  1  cc.  M/5  glucose  solu- 
tion.   Warm  gently  and  set  aside.    Note  the  mirror  formed  on  standing. 

*2i.  Reduction  of  molybdic  acid  to  molybdous  acid. — To  1  cc. 
phosphomolybdie  arid  solulion  (No.  66)  add  1  c.c.  N/2  NaOH  and  I  c.c. 
M/o  glucose  solution.  Boil  about  a  minute,  then  acidify  with  dilute 
HjSO^.    The  greenish  color  is  duo  to  molybdous  acid. 

*  92.     Reduction  of  methylene  blue. — Src  experiment  8. 

Tar  intvruiiitioii  en  Uii:  briinrior  of  i»rl)o1iyi]r&l«a  in  alkftlliifi  anlutloii  and  wi 
the  use  of  Borfoed's  solution,  study  the  following: — II.  McOuigan:  Am.  Jew, 
Phf,»tt.l,  Vol.  10  {19071.  p.  175;  .T.  NVf:  AnnaU^  dcr  ChrmU,  Vol.  357  (1007),  p. 
214;  A.  P.  MHttH-w«  am!  H.  MtOuijinti :  iln».  Jnur.  Phi/iioi,  Vol.  10  (Iflfti).  p.  I!>ft; 
A.  P.  MatJiowq.  ./owr.  Biol.  Chem..  Vol.  6.  p.  3.  1»0»;  Nef:  Annaicn  dw  Chfmio.  VoL 
40a  (1013),  p.  204;  II.  II.  Banul:  Jour.  Bial  Vhem.,  7,  p.  IS7  {1«10). 

F.  FERMENTATION  OF  CARBOHYDEATES  BY  YEAST. 


*  23.  Action  of  living  yeast  on  carbohydrates.  Formation  of 
carbon  dioxide  and  alcohol. — Yeast  is  able  to  ferment  some  sugars  but 
not  others.     The  proitesB  of  fermentation  li  still  obscure  in  lis  datails, 
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but  yeast  owes  ita  power  to  an  uniQ^uio  colled  "  rytaaso,"  wbicli  it  ooa- 
tains.  It  is  not  improbable  tliat  animal  tissues  also  break  up  carbohy- 
drates in  a  manner  similar  to  this  fermentation;  Uk«  yeast  animal  tis- 
8Ut!3  are  able  to  utilize  some  carbohydrates  as  fouds,  but  not  oth«re,  and 
in  general  they  can  utilize  the  Kame  carbohydrates  tbat  yeast  cau  fer- 
ment. Probably  tliLs  fermentation  plays  an  important  part  in  respira- 
tion, since  one  of  the  products  is  gaseous. 

The  experiment  may  be  done  by  a  group  of  three  students,  each 
student  testing  the  fermeutability  of  three  sugars.  Those  working 
fogetber  must  select  fermentation  tubes  of  the  same  bore,  so  that  the 
volumes  of  gas  obtained  may  be  easily  compared. 

Make  a  suspension  of  3/4  inch  cubed  piece  of  compressed  yeast  in 
l<t  c.c.  of  water  by  triturating  very  gently  in  a  small  mortar.  To  15  ce^ 
portions  of  the  carboliydratc  solution  (do  not  use  tue  toldens 
pBESEKvta)  SOLUTIONS  DERc),  add  1  C.C.  of  the  well-mJxed  suspension, 
mix  well  aud  at  once  transfer  to  the  fermentation  tube.  For  carbo- 
hydrate solutions  use  M/25  solutions  of  arabinose,  levuloae,  gluco.sc. 
mannoftc,  galactose,  nialiose,  saccharose,  lactose  and  0.70  per  cent,  starcii 
paste.  Prepare  the  starch  paste  by  the  method  outlined.  Set  aside  the 
tabes  and  note  the  amount  of  gas  liberated  after  6-8,  1042  and  18-24 
hours.  Note  which  of  the  sugars  is  fermented.  What  do  Iho  fcrmt^utcil 
sugars  have  in  common  which  determines  fermenlabilityt 

Prodvct$  of  fcrmenlation.  CO^  The  remainder  of  this  experiment 
is  to  be  continued  by  each  student  individually.  Into  a  tube  in  which 
active  fermentation  has  taken  place  introduce  I  c.c.  strong  NaOH  aolu- 
tion  {No.  86)  into  the  closed  cud  of  the  tube  by  means  of  a  bent  pipctto. 
Next  odd  enough  water  to  completely  fill  the  shorter  end  of  the  tube, 
placo  the  thumb  over  the  opening  without  introducing  air  and  invert 
the  tube  two  or  three  times  without  collecting  any  of  the  gas  under  tha 
thumb  in  the  shorter  arm  of  the  tube.  Set  the  tube  upright  and  note  ths 
suction  on  the  thumb.  When  the  thumb  is  removed  the  fluid  rises  in  Hu 
closed  arm,  due  to  the  adsorption  of  the  CO,  from  the  fermentation  gai. 
DifTercnt  kiudii  of  bacteria  and  yeasts  form  gas  with  more  or  less  R, 
intcrmixcfl  with  tlio  CO,. 

Products  of  fcrmeniation.  Ateohol.  Filter  a  portion  of  the  solu- 
tion in  the  fermentation  tube  and  add  5-20  drops  of  I,KI  solution 
(No.  4i5)  to  5  o.e.  thereof.  Suffleient  I.KI  should  be  added  to  render  the 
entire  mixture  light  yellow  for  about  one-half  minute.  Warm  slightly, 
note  the  odor  of  iodoform,  and  set  aside.  Examine  the  separated  y«i. 
low,  iodoform  (crystals  with  a  microscope.  Acetouc  and  some  other  sub- 
stances will  give  the  iodoform  reactioo  with  lodtnc. 

Does  ycost  contain  Invertint    Docs  it  contaiu  lactascf 

*  24.    Condensation  of  carbohydrates  with  hydrazines.   Formation 
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of  osazones. — Weigh  out  2.0  graiua  of  pbcnyl  hydriuiiic  bydroclilonde 
an(]  3.0  grams  of  sodium  acetate  on  Uic  (orKion  bnlancc  Truntifer  to  a 
clean  mortar  and  grind  togethor  until  tlio  mixtnro  is  uniform  in  appear- 
ance. Now  weigh  a  0^  gram  portion  into  eacli  of  four  dry  test-tubes 
and  to  the  tubes  add  rcttpeetively  and  accurately  by  a  pipette  2  c.a. 
of  M/5  ttoluLiDUS  of  glucose,  mannose,  levnlose  and  lactose.  Label 
carefully,  Htopper  loosely  witli  cotton,  and  immerse  all  the  tube«  at  tlie 
Heme  time  io  boiling  water.  At  intervals  of  one-half  minute  n>move  all 
from  the  bath  at  the  same  time,  shake  for  an  instant  and  return  to  tho 
bath  at  once.  Repeat  this  three  times.  Observe  if  any  white  crystal- 
line  precipitate,  hydra^ione,  appears  in  an;  of  the  tubes.  If  it  does 
remove  a  Little  with  a  pipetle,  observe  under  the  microscope  and  draw 
some  of  the  crystalB.  What  is  a  hydrazonel  Continue  boiling  the  water 
for  25  minutes  and  note  the  lime  when  precipitation  occurs  in  tlie 
different  tubes  during  that  period.  Now  n-move  all  the  tubes  from  the 
water  bath  and,  while  cooling,  note  the  time  when  a  precipitate  apppars 
in  those  tubes  which  were  clear.  Examine  a  little  of  the  precipitate  from 
each  tobe  on  a  slide  under  the  microscope  and  draw  the  crystals  of 
osazones  formed.  They  are  yellow  in  color.  Mannose  is  at  first  precipi- 
tated as  a  colorless  hydrazono,  but  later  changes  to  the  yellow  osazone. 
The  other  hydra?.one8  are  soluble.  Write  the  reactions  involved  in  the 
pxperimont.  Discuss  the  osazone  formation;  its  value  in  identi^ng 
carbohydrates;  explain  the  difference  in  the  speed  of  reaction  of  the 
different  sugars.  Do  mannose,  glucose  and  levulose  form  the  sama 
oaazonel  What  does  this  show  as  regards  the  constitution  of  the  last 
four  carbon  atoms  of  these  sugars?  What  is  the  object  of  adding  Uie 
soditim  acetate  t 


•  G.  METHODS  FOB  IDENTIFYING  AND  DETECTING  CAB- 
BOHYDRATES. 

*  a.  Furfural  reactions  for  detecting  pentoses,  hexoses  and 
glycuronates. 

Tlie  following  reactions  all  depend  on  the  dehydrating  action  of 
strong  Bcid-H  on  carbohydrates  with  the  final  formation  of  furfural  or 
furfural  derivatives  and  the  interaction  of  these  furfural  derivatives 
with  various  amido-  and  hyd rosy-aromatic  substances  to  form  ehar- 
acteristic  colored  substances.  The  pentoses  and  pentosans  yield  true 
furfural  readily  and  almost  quantitatively;  the  methyl  pentoses,  like 
rhamnose,  yield  methyl  furfural  and  Uie  hexoses  (most  readily  the 
heto-hexoses)  yield  first  i-hydroxymethyl  furfural  which,  when  furtlier 
acted  upon  by  strong  aiud.s,  breaks  down  into  levulinlc  and  formic  acids. 
It  is  also  believed  by  some  that  part  of  the  4-liydroxymethyI  furfural 
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obtained  from  hexoses  is  changed  to  true  furfural  in  the  distillation  as 
usually  carried  out.  It  is  uot  at  all  UDlikely  tliat  products  iutermediate 
between  the  original  carbohydrates  aud  the  furfurals  are  formed  and 
that  these  reacting  witb  the  aromatic  substances  in  presence  of  the  strong 
acids  usnally  employed  give  other  colors  than  do  tlic  final  products, 
the  furfurals.  This  may  account  for  tbe  diifercnccs  in  the  colors  de- 
veloped from  lime  to  time  iu  the  gradual  heating  of  tho  carbohydrates 
with  the  acids  in  presence  of  the  uromatic  substances. 

Nmnerotia  aromatic  substances  have  been  found  to  react  with  car- 
bohydrates and  furfural,  Amoni;  thoHt^  found  most  delicate  and  satis- 
factory arc  onilin  acetate,  alpha  naphthol,  rcAorcin,  phloroglncin,  orcin, 
diphcnylamin  and  napththorcsorcin. 

♦25.  Alpha  naphthol  reaction  (Molisch  reaction). — To  the  carbo- 
hydrate solution  in  a  test-tube  add  2  drofu;  of  a  .'i  per  cent.  Kotution 
of  alpha  naphthol  in  alcohol,  l^fix  and  then  allow  5  c.c.  concentrated 
H,SO,  to  flow  down  the  side  of  iJie  li«t-tube  bo  as  I0  keep  the  wtluliou 
and  acid  in  noparate  laycrH.  In  some  cases  it  may  be  ncce!«ary  to  a^tate 
a  little  »o  as  to  have  a  slight  mixing  at  the  junction  of  the  two  liqaids. 
Conduct  thia  test  on  I  c.c.  each  of  M/50  solutions  of  le\ii1oee.  glncose, 
arabinose,  on  1  c.c.  of  the  furfural  distillates  in  experiments  2  and  3. 
on  0.35  per  cent,  solutions  of  starch  and  gum  arabie  as  well  as  on  dL<t- 
tilled  water.  Note  the  i-olors  of  the  rings,  then  mix  the  contents  of 
each  tube  and  again  note  the  colors.    Tabnlat-e  and  discuss  your  results. 

A  negative  residt  by  Ibis  rwirtion  is  rery  good  evidence  of  the 
absence  of  carbohydrates,  but  a  positive  one  is  .simply  an  indication  of 
the  probable  presence  of  carbohydrates.  The  test  is  probably  of  more 
value  if  used  as  modified  by  E.  Pinoff  iBerichte  38,  p.  3308) ,  who  found 
that  by  heating  in  test-tubes  dctinite  quantities  of  carbohydrate,  alcohol, 
sulphuric  aoid  and  5  per  cent,  alcoholic  alpha  naphthol  solution  for 
definite  lengtbs  of  time  one  obtains  a  colored  solution,  which,  when 
examined  for  its  absorption  spectrum,  gives  eliaraeleristic  bands  with 
different  classes  of  carbohydrates.  Among  the  substances  which  give 
this  test  are  various  furfurals.  glycuronic.  acid,  glyeoaldehydc,  glycerosc. 
erytlirose,  oxygluconie  acid  and  glycerol  aldehyde. 

*  36.  Blank  or  control  tests  showing  action  of  acids  on  carbo- 
hydrates without  chromogen  addition  (humic  acid  formation). — Dilute 
15  C.C.  concentrated  HCl  by  distilled  water  to  make  a  total  volume  of  45 
c,c.  Stii  well  and  measure  off  5  c.c.  portions  thereof  into  7  difTerent 
teal-tubes;  to  the  respective  tubes  now  add  1  c.c.  of  M^'5  solutions  of 
arabinose,  glncose,  levnlose  and  galactose,  also  1  c.c.  of  tlie  water  solu- 
tions from  the  distillations  (experiments  2  and  3  above).  Mix  the  con- 
tents of  each  immediately  after  adding  the  carbohydrate  solution.  Im- 
merse all  tbc  tubes  >n  boiUng  water  at  the  same  time,  continue  the  boiling 


PRACTICAL  WORK  AND  METHODS 


lis 


and  note  ttie  changes.  Heat  thoa  for  30  minutes.  Hecord  yotir  obscn'a- 
tiona  carefully  as  to  time,  color  and  intenaity  of  color.  These  observa- 
tions will  serve  as  controls  for  the  furfural  reactions  below,  in  which 
a  chromogcn,  such  as  resorcin  or  ^  naphthol  or  orcin,  is  added  to  de- 
velop with  furfural  a  special  color. 

•  37.  Resorcin  HCI  test  for  a  ketose.  Seliwanoff's  reaction. — Pre- 
pare 45  P.O.  of  tho  reagent  by  adding  4.5  e.e.  of  the  0.5  per  cent,  resorcin 
solution  (No.  77)  to  15  e.c.  concentrated  HCI  and  dilate  lo  45  c.c.  with 
distilled  water.  Mix  well  and  measure  off  5  c.c.  portions  of  this  solution 
into  8  different  test-tubes;  to  the  respeptivo  tubes  now  add  1  c.c.  of  M/5 
solutioDB  (mixing  well  immediately  after  the  addition)  of  ar&binOMe, 
gluoosc,  Icvulosc  and  galactose,  aUo  1  c.c.  of  tho  water  solutions  obtained 
from  tJie  distillation  experiments  2  and  3  above.  Also  make  one  test 
using  M/lOO  levulofic  solution.  Immerse  oil  the  tubes  in  boiling  water 
at  the  same  time,  continue  the  boiling  and  obser\'e  very  carefully  the 
ehanges  taking  place  during  20  roinutes'  heating.  In  the  preaenee  of  a 
ketose  sugar  the  solution  will  quickly  turn  red  and  a  red  precipitate  will 
form.  Record  the  observations  and  compare  witli  the  blank  tostK  made 
above  OS  to  humic  aciti  formation  by  the  action  of  the  same  strength 
of  arid  on  the  same  concentration  of  carbohydrates. 

This  test  is  often  described  as  a  specific  test  for  levulose.  It  is 
better  to  call  it  an  indicative  test  for  ketose.  since  other  keto-hexoees. 
like  sorbose,  as  well  as  keto-lriosea,  keto-tetroses,  d-oxyglucauie  acid  and 
formose  give  the  test  readily.  All  hexoses  give  tlie  test  very  faintly  and 
verj-  slowly  if  proper  precautions  are  observed  as  to  concentrations  of 
the  acids  and  rarlrohydrntcs.  The  color  developed  here  is  due  to  the 
formation  of  4-oxymcthyl-fnrfiiraI  and  the  reaction  of  this  with  the 
resorcin  in  presence  of  a  12  per  cent,  solution  of  hydrochloric  acid.  The 
same  reactions  are  involved  in  the  Boas  test  for  a  certain  hydrogen  ion 
concentration  in  gastric  juice.  Boas'  reagent  is  a  solution  of  eane  sugar 
and  resorcin  in  95  per  cent,  alcohol ;  the  presence  of  a  certain  hydrogen 
ion  concentration  is  indicated  by  the  developing  of  a  red  color. 

The  Seliwanoff  reaction  has  been  modified  in  various  ways,  using  tower 
concentration;;  of  hydrochloric  actd,  alcoholic  solutions  of  sulpharic 
acid,  or  a  slightly  ioniRed  arid  like  acetic  acid  instead  of  the  12  per  cent, 
hydroeliloric  acid  solution  employed  above.  In  any  cjtae,  due  pre- 
cautions as  to  length  of  time  of  beating  and  concentration  of  carbo- 
hydrate must  be  taken  to  make  the  reaction  of  diJignoRtic  value.  The 
test  is  carried  out  more  satisfactorily  when  the  precipitate,  formed 
after  heating,  is  filtered  off,  diiwolved  in  95  per  cent,  alcohol  and  this 
alcoholic  solution  then  examined  for  its  absorption  spectrum. 

For  (Ifftaik'd   infonnntwTi  na4t    (1)   S«]!wKnalT:    BorieKu  SO    (1897),  p.    181; 
(2)  Ekenatein  and  Blanktnw:  Ser,  43,  p.  &3M,  1910;  (3)  Finoff:  Bcr.  38,  p.  3338, 
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IHM;   «)  RoenfgBfeld:  Btoektm.  Ztukr.  38.  p.  310.  1912;   (5)  Villc  ukd  Derrim: 
BtilL  800.  CKem.  6,  Scr.  i,  p.  895,  IBOB. 

*  aS.  Phloroglucin-HCI  reaction  for  pentoses.  (Tollen's  phloro- 
glucin  reaction.) — Prepare  54  c.e.  of  the  reagent  by  adding  6  cc.  of  the 
2  per  cent  phloroglacin  solution  (No.  65)  to  30  c.c.  concentrated  ITC! 
and  dilute  to  54  c-c  with  distilled  water.  Mix  well  and  measure  off 
five  9  C.C.  portions  of  tliia  solution  into  five  different  tcat-tubcs.  Then 
add  1  c.c.  of  the  M/o  levnlosc,  glucose,  galact08>c  and  arabinosc  solutions 
and  1  C.C.  of  the  water  solution  of  the  distillBte  from  experiment  2. 
which  contains  furfural,  to  the  respective  tubes.  Mix  weU  immediately 
after  adding  Ihc  carbohydrate  solution  in  eaeh  ease.  Immerse  all  the 
tubes  in  boiling  water  for  the  same  time  and  record  the  eliauges  in 
color  which  occur.  Keep  in  boiling  water  for  several  minutes,  lO-SO.  In 
the  pentose  tube  tlie  solution  betoracs  a  cherry  red  and  finally  a  pre- 
cipitate forms,  whieh,  dlBNoIved  in  umyl  alcohol,  sliowa  an  absorption 
band  between  the  D  and  K  lines. 

•  ag.  Orcin  HCI  reaction  for  pentoses. — This  reaction  is  on 
whole  superior  to  the  preceding  for  tlie  rocoguitiori  of  pontoacs. 
pare  54  c.o.  of  the  reagent  as  in  28,  using  half^saturated  orcin  solntini) 
(No.  !)7)  in  place  of  the  phloroglncin.  Use  tlie  name  sugars  im  in  3S 
and  proceed  in  the  same  manner.  Pcnlooies,  when  wana<^l  with  oroio 
and  HCI,  give  a  violet,  followed  by  blue,  red  and  finally  a  green  color 
and  a  bluish  green  precipitate.  This  prccipitat-e  rndissolvcd  in  amyl 
alcohol  gives  an  absorption  spectrum  with  band  between  C  and  D. 

Not«;— In  both  of  Uio  Toltni'ii  rnaHfons  alKn-o  it  ■>  vctj  iiDporl&nt  to  obterra 
thtt  conMtitntlotia  of  iteiA  tnd  orcin  or  phlorogluoln,  otherwbs  th«  Telocity  of  tbe 
rcBCtJoa  and  thi'  colors  obtained  are  very  different  from  tltose  dcKribed  !□  tkc 
IftcTfttuK.  Vkrious  modifloatioDB  of  them  tcitts  hnvc  boen  mitde,  the  mott  important 
being  the  sjiaking  out  of  the  colored  Hotntion  with  amyl  alcohol  and  tbc  exam  I  nation 
of  the  ahanr^ition  apcctnim  of  th*  tunyt  nlrohol  •olution  »ft«r  proper  dilution. 
When  thvff  employed  one  cun  more  nwdily  and  accurately  d!etln)fui»h  pentoeca  from 
Ii«EOMa;  thete  reactloni.  hcnvever.  do  not  dislin^ish  prnto^i  from  ^ycunmlc  acid. 

By  the  use  of  naphtliorcsorcln  and  UCI,  Toltcns  {Benckte  41,  pp. 
1783-87  and  1788-90,  1908)  claims  to  be  able  to  detect  glycuronie  acid 
■with  greater  accuracy,  in  that  the  colored  substances  formed  by  the 
interaction  of  glycuronic  acid  with  naphthoresorcin  in  presence  of  18 
per  cent,  HCI  are  readily  soluble  in  ether,  while  Iho  pentoses,  hexcsoa  and 
rhamnose  yield  colored  substances  difficultly  soluble  in  ether.  The 
ether  solution  of  tbe  former  shows  a  cliaracleridtic  absorption  spectrum. 
(See  ejcperiment  185.) 

The  foI1owini{  arilclM  dcAl  n-Hh  the  kbore  reftctJon»:  v.  Udnuwky:  Ztil.  t*hy»iol. 
<7Ams  12,  pp.  3£S-9&{  Boost  Ibid.,  16,  pp.  fil8-3S;  Trcnpet:  JUA^  10,  pp.  47-8T| 
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Kvuberg:  Ibid.,  31,  p.  564,  1901;  Tollens:  Annaten,  S»«,  p.  SOlj  Ber.  29.  p.  ISOS, 
]806i  Flag:  Ann.  Ohttn.  Analgl.  13.  p.  487,  IfiOS. 


*  30.  Detection  of  galactose.  Mucic  acid  formation.' — Qalactow, 
or  polysaccharides  coutaining  it,  yield,  on  oxidation  with  nitric  acid, 
an  insoluble,  crystallino  acid,  made  acid,  COOH.CnOn.CHOH.CHOU. 
CnOH-COOH. 

To  10  e.e.  M/5  lactose  solution  in  a  100  c.e.  bealcer,  add  5  c.o.  dia- 
lilled  water  and  15  c.e.  concentrated  HNO,.  Heat  on  the  water  bath 
until  concentrated  to  about  l/5th  of  the  original  volume.  Now  add 
15  0.C,  distilled  water,  mix  well  and  set  aside  in  the  desk  antil  the 
next  day.  Filter  off  the  crystals  of  macic  acid.  BU.spend  in  10  c.e.  water 
and  add  1  c.c.  strong  Nn.OII  (No.  5).  Note  i£  the  solution  has  a  slimy 
eliaraeter.  To  the  solution  add  1  c.c  strong  HNO,  (1.42),  stir  again 
and  set  aside  for  crj'stallization.  Examine  the  crystals  under  the 
microscope.  Filter  off  the  crystals,  wash  in  cold  water,  drj*  over  CaCl, 
in  desiccator  and  hand  in.  Write  the  formula  of  the  reaction.  Glucose, 
and  polysaccharides  containing  it,  give,  when  similarly  treated,  an 
isomeric  acid,  saccharic  acid,  which  is  soluble. 

*3i  (a).  Detection  of  starch  by  iodine-^To  5  ce.  0.7  per  cent, 
starch  solution,  5  c.c.  of  dextrin  solution  and  5  c.c.  of  glycogen  solution, 
respectively,  add  a  few  drops  of  I^,KI  solution.  Starch  gives  a  blue, 
dextrin  a  red  and  glycogen  a  browu-red  color.  Heat  and  observe  tlic 
disappearance  of  the  color  on  heating  and  its  return  on  cooling.  To 
difTcreat  portions  of  the  cooled  solutions  add,  a  few  drops  at  a  time,  some 
alcohol,  10  per  eent.  NaOH  and  sodium  thiosulphate  solution  (No.  89). 
Observe  that  each  one  of  these  reagents  discharges  the  color.  Explain. 
The  blue  color  is  due  to  an  iodine  starch  compound  which  is  dissociated 
on  boiling.    Iodine  vapors  arc  violet. 

31.  (b)  Preparation  of  lactose  from  cow's  milk. — To  100  cc 
slummed  milk  add  SCO  c.c.  distilled  water.  Mix  well.  Remove  40  c.c. 
of  the  mixture  and  add  thereto  by  means  of  a  pipette  one  drop  of  10 
per  cent.  H.SO,.  Mix  the  40  c.c.  portion  well  and  note  whether  a 
rather  coarsely  floeeulcnt  precipitate  forms.  In  this  way  continue  tha 
addition  of  the  10  per  cent.  H.SO,  drop  by  drop  until  the  precipitate 
separates  in  a  coarse  flocculent  form.  Now  add  this  small  portion  to 
the  larger  volume  of  diluted  milk  and  add  10  per  cent.  TI.SO.  drop  by 
drop  in  the  same  proportion  as  found  ncccjaary  in  the  small  portion 
tested.  Allow  to  settle  and  decant  tlie  supernatant  lifjnid  into  a  20  cm, 
porcelain  dish.  Save  the  precipitated  casein  and  proceed  therewith  aa 
directed  under  the  preparation  of  casein  (experiment  66).  To  the 
supernatant  liquid  now  free  from  casein  particlea  add  saturated  Ba< 
(OH),  solution  uutU  it  remains  ouly  slightly  acid  to  litmus.    (Why  only 
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slightly  acidi)  Now  heat  to  boiling  for  a  moment.  Why  boilf  What 
are  precipitated  berof  Filler  tlie  hot  solution  through  a  large  creased 
fitter  until  elear.  Sov  concentrate  the  filtrate  to  about  halt  ita  original 
volume  by  boiling  over  a  flame  in  a  porcelain  dish,  iut  avoid  baking 

ke  matcriol  on  the  sides  of  the  disk  by  not  iminff  a  large  flame;  finally 
iporatc  on  the  water  bath  to  about  100  cc,  allow  to  cool  and  filter. 

Lgain  concentrate  thp  filtrate  to  about  10-15  c.c,  allow  to  cool  and  filter 
if  neceseaty.  To  the  filtrate  add  very  gradually,  while  stirring,  five 
volumes  95  per  cent,  alcohol;  allow  the  precipitated  lactose  to  separate 
out;  decant  the  alcoholic  solution  and  wash  the  lactoso  with  95  per  cent. 
alcohol  four  timus.  In  this  washing  process  be  sure  to  kncati  the  pasty 
precipitate  of  lactose  Tery  thoroughly.  After  the  flnal  alcohol  washing 
the  lactose  should  no  longer  be  tough  and  pasty,  but  hard  and  brittle. 
Finally  wash  once  in  the  same  way  with  ether,  preferably  by  grinding 
in  a  mort-ar  and  then  adding  the  ether.  (This  preparation  is  rather 
impure  lactose  as  proteins  and  inorganic  salts  are  in  part  also  pre- 
cipitated by  the  alcohol.)  Dry  at  room  temperature  by  spreading  out 
on  clean  filter  paper.  Then  bottle  and  label  with  your  name  and  the 
name  of  the  substance.  This  and  all  other  preparations  are  to  be 
bottled  and  labeled  in  the  same  way  and  handed  to  the  inetruetor  when 
completed.  Test  a  small  portion  of  your  preparation  by  the  MoUseh, 
Fehling's  and  mucie-acid  reactions. 


QUESTIONS. 

1.    On  boiling  nuolflio  acid  with  10  fwr  Miit.  H  SO    EoBael  found  leTtiltnio 
in  tho  fla*k.  U'lint  Mnolurion  could  Ik  drnw  trom  thin  aa  to  Ulc  prcvcnce  or  abnilM  of 
rlMlijdr&tc  In  tlie  nuelek  acid  mol«culeT 

!.  On  distilling  nucleic  aoJd  Iram  yonst  nith  10  p«r  cent  H,SO^  h«  found 
tlie  difltiltntc  colored  ntiilinc  aoeUite  paper  m  cherry  red  and  gaw  a  Mue  color  ^fitli 
orcin.  \Miut  conclusion  could  hi  drnw  from  thii  a»  to  (ho  alructurv  of  Uio  nuoloic- 
actd  molcculcT 

II.    LIPINS. 
Neutral  fats  and  oils.     Phospholipins.     Sterols. 

Neutral  rati  mixed  with  other  )ipin.s  may  be  obtainod  from  plant 
and  animal  tissiieH  both  by  physical  and  chemical  means.  The  phyflical 
means  are  by  wanning  and  pressing.  In  this  way  oils  and  fats  are  ob- 
tained from  nuts,  seeds  and  from  animal  tissues  containing  a  large 
amount  of  neutral  fat,  as  in  fatty  tissue.  The  chemical  means  are 
by  extraction  with  lipin  solvents  such  as  ether,  carbon  tetrachloride, 
alcohol,  gasoline,  benzene,  etc.  \Vhiehever  method  is  used,  the 
resulting  fatty  matter  is  a  mixture  and  generally  contnins,  in  addition 
to  neutral  fata  and  fatty  acids,  phospholipins  and  sterols.  The  neutral 
fats  are  separated  from  the  phospholipins  most  readily  by  precipitation 
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of  th«  ether  solution  by  avetone.  Soaps  and  pbosphoUpiiis  aro  insoluMa 
iu  acetone  i  fats  and  sterols  are  soluble  in  acetone.  The  separation  of 
cholesterol  from  neutral  fat  cannot  be  made  without  sapouification  of 
the  latter  and  the  isolation  o£  cholesterol  from  the  soap  by  ether. 

1,    Exptriments  Ulttstrating  the  pkysicai  properties  of  fats  and  oils. 

*  32.  Solubility. — To  one  drop  of  olive  oil  in  a  test-tube  add  about 
5  C.C.  of  the  solvent.  Allow  to  act  in  the  cold.  If  solution  Is  not  e^'ident 
from  the  usual  physical  ebouges,  filter  oil  the  clear  solvent  and  place  a 
few  drops  on  a  piece  of  paper.  In  ease  Boine  of  the  fat  has  dissolved, 
a  traualuceut  spot  (grease  spot)  is  left  on  evaporation  of  the  solvent. 
Tost  in  this  way  the  solubility  in  hot  and  cold  95  per  cent  and  70  per 
cent,  ethyl  alcohol ;  and  in  cold  cUier,  chloroform,  gasoline  or  naphtha, 
carbon  totraebloride,  cUiyl-acetate,  water  and  acetone. 

Test  the  solubility  of  castor  oil  in  cold  alcohol.  How  does  castor  oil 
differ  in  its  composition  from  olive  oil  f  ^Vhat  eCFect  would  this  differ- 
enee  probably  have  on  its  solubility  in  alcohol,  and  why  I 

*33-     Crystallization  of  neutral  fats. 

Dissolve  some  beef  tallow  in  warm  80  per  cent,  alcohol,  about  5  c.c., 
and  allow  to  cooL  Examine  the  precipitate  which  appears  under  the 
microscope  to  see  if  it  is  crystalline. 

*34.     Surface  tension  of  neutral  oils. 

Count  the  number  of  drops  which  will  be  formed  from  1  c.e.  of  pure 
distilled  water  when,  issuing  from  a  perfectly  clean  1  c.c.  pipette.  Now 
dry  the  same  pipette  by  alcohol  and  ether,  fill  it  accurately  to  the  mark 
with  olive  oil  at  room  temperature  and  count  the  number  of  drops  of 
olive  oil  delivered  from  the  same  pipette,  For  Uie  relation  between 
the  number  of  drops  and  surface  tension,  see  page  207.  As  performed 
in  tliis  way  tliis  method  is  only  approximately  accurate.  The  lower  the 
surface  tension  Uie  larger  tlic  number  of  drops. 

*  35.  The  surface  tension  of  water  is  lowered  by  a  small  amount 
of  oil. 

After  the  pipette  used  in  experiment  31  haa  drained  off  its  oil  a  very 
thin  layer  o£  oil  still  remains  in  it.  "Without  cleaniug  it  now  fill  it 
again  to  the  mark  with  clean  water  and  again  count  the  number  of 
drops  issuing  from  the  pipette.  The  number  should  be  greater  tlian 
before,  for  when  the  surface  tension  of  thi;  water  is  reduced,  the  film  of 
water  on  the  surface  which  supports  the  drop  is  no  longer  able  to  sus- 
tain as  great  a  weight  aa  before,  and  the  drop  falls  when  its  weight  is  leas 
and  it  is  smaller. 

*  36.  The  surface  tension  of  water  is  lowered  by  a  very  small 
amount  of  oil. 

Place  in  a  perfectly  clean  beaker,  that  is  a  beaker  which  has  been 
cleaned  with  soap  and  water,  tben  by  alcohol  and  ether,  and  then  by 
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cleaning  Stud  and  finally  thoroughly  washed  with  distilled  WAt«r,  clean 
distiUed  wat«r  unlit  half  full,  i^priokle  a  fevr  small  pieces  of  camphor 
ou  Uie  surXace.  If  the  v/ater  is  perfectly  cleoo  the  camphor  will  dart 
h«re  and  ther«  on  the  surface.  While  it  is  moving,  rub  a  glass  rod 
on  the  side  of  the  nostril  and  then  touch  it  to  the  surface  of  the  water. 
The  fat  of  the  skin  is  sufficient,  usually,  to  add  in  this  way  caougk  oil 
to  the  surface  of  the  water  to  make  the  camphor  at  odc«  come  to  rest.  If 
the  camphor  has  already  come  to  rest  it  will  be  observed  usually  that 
when  the  rod  touches  the  surface  of  the  water  the  camphor  frairmcnta 
move  away  from  the  rod  in  all  directions.  This  is  owing  to  the  slrotch- 
ing  of  the  surface  due  to  the  lowering  of  its  leusiou  at  the  point  where 
the  oil  touches  it.  To  get  a  cleau  surface  of  water  in  a  laboratory  is 
very  diffiuulL  There  is  generally  some  kind  of  oily  matter  in  ilie  air 
sufficient  to  contaminate  tlie  surface. 

2.    Expcrimcnls  illuslratiHg  th«  ckcmiiMl  properiies  of  oH^  and  fats. 

*  37.  Free  acid  in  oils. — Moat  commercial  oils  and  Cats  undergo 
in  tho  light  and  moi^Lure  a  partial  decomposition  (rancidity)  so  that 
th«y  have  an  acid  reaction.  To  get  a  neutral  oil  precautions  must  be 
taken  to  separate  the  free  acid  thus  formed.  An  experiment  to  illuatrato 
this  fact  is  tlie  following: 

To  about  23  c.c.  95  per  cent,  alcohol  in  a  100-150  c.c.  Aask  add  about 
h^  c.c.  pheiiolphLhalein  solution.  Heat  to  boiling  on  a  steam  )»ath  and 
gradually  add  from  a  burette  N/10  NaOH  luitil  a  faint  pink  coloration 
remains.  Now  add  5  c.c.  olive  oil  by  means  of  a  pipette.  Again  heat 
to  boiling,  stopper  the  Bask  and  shake  gently ;  the  alkaline  ak-ohol  be- 
comes colorless.  Continue  the  addition  of  N/10  NaOH  and  shakinff, 
until  after  a  vigorous  shaking  the  pink  color  in  the  alcohol  layer  just 
remainti.  Record  tlie  amount  of  NaOH  required.  Allow  the  two  layers  to 
separate  in  a  large  test-tube.  Draw  off,  by  means  of  a  pipette,  the  oU 
layer  for  use  as  neutral  olive  oil  in  a  subsequent  experiment,  and  dis- 
card the  alcoholic  layer.  Calculate  the  per  cent,  of  aeid  in  the  fat, 
assuming  the  acid  measured  to  be  oleic  acid  and  the  specific  gravity  of 
the  oil  to  be  0.90  at  room  temperature.  All  fata,  even  when  freBhlj" 
prepared,  contain  titratable  amounts  of  acid.  The  amount  of  titratablft 
acid  increaaes  slightly  with  development  of  rancidity.  It  is  very  doubt- 
ful, however,  whether  the  acidities  in  the  fresh  and  rancid  fats  are  due 
to  the  same  acids. 

Bxperitncnt  showing  thai  neutral  fats  consist  of  glycerol  and  /affy 
acids;  that  they  yield  soaps  and  undergo  a  process  of  decomposition  caUsd 
saponification,  when  treated  with  aikaii. 

*  38.  Saponification  of  fat. — Weigh  oft  10  grams  mutton  tallow, 
render  it  by  healing  gently  and  pouring  off  the  melted  fat,  and  transfer 
to  a  500  c.c.  flask,  add  8  c.c.  of  the  aide  shelf  NaOH  solution  (40;  100) 
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and  50  c.c.  alcohol.  Fit  with  a  reflux  air  condcoHcr,  boil  gently  for  an 
hour  ou  Ibe  water  batb  aod  then  evaporate  to  about  oO  c.c.  in  a  porcelain 
dish.  Add  100  cc  bot  water  and  ogaiu  evaporate  to  about  50  c.c.  to  got 
rid  of  alcoliol.  Next  dissolve  completely  in  about  500  c.c.  wat«r.  Ex- 
plain tills  process  of  fat  decomposltiou,  and  write  the  formula  of  the 
reaction. 

39.  Separation  of  the  soap  by  salting  out. — Take  5  cc  of  the 
above  solution,  add  50  cc.  of  water  and  saturate  with  NaCl.  Filter  ofF 
the  precipitated  soap.  Dissolve  in  about  100  cc  of  water  and  test  a 
part  of  the  solution  with  a  few  di-opa  of  CaCl,  and  MgSO,  respectively. 
What  precipitates  outi  Explain  tlia  mechanism  of  the  salting  out 
process. 

40.  Separation  of  the  fatty  acid. — To  the  remaining  295  c.u.  solution 
above,  add  concentrated  HCl  until  the  water  solution  is  distinctly  acid 
to  litmus  paper  and  a  sharp  separation  of  fatty  acid  occiors  on  heating 
on  the  steam  bath.  After  heating  act  aside  to  cool,  or  draw  off  the 
lower  layer  by  means  of  a  eeparatory  funnel,  saving  it  and  the  upper 
layer  of  fatty  acid.  Wash  the  fatty  acids  twice  witb  100  c.c.  hot  water. 
Then  remove  the  fatty  acid  layer.  DLssolve  a  little  in  hot  alcohol  and 
show  that  it  wilt  neutralize  NaOH  and  is  acid  to  phenolphthalein.  Pro- 
ceed as  in  experiment  38, 

41.  Separation  of  glycerol. — Filter  the  aqueous  layer  above  and 
neutralize  the  Sltrate  with  10  per  cent.  NaOII  solution.  Evaporate  to 
dryness,  the  final  evaporation  being  carried  on  on  the  steam  bath. 
Qt'ioU  the  residue  to  a  ^e  powder,  moisten  wltli  alcohol  and  again 
evaporate  to  dryness.  Next  add  25-50  cc.  alcohol,  beat  to  boiling 
on  the  steam  bath,  filter  and  treat  the  undissolved  residue  once  more 
with  25-50  c.c.  alcohol  in  the  same  way.  Combine  the  filtrates  and 
evaporate  to  a  syrup  in  a  small  dish  on  the  water  bath.  The  residue 
should  be  glycerol.  It  should  have  a  aweet  taste  and  give  the  acrolein 
test,  Bs  in  experiment  42. 

*  42.  Acrolein  test  for  glycerol. — To  about  2  drops  glycerol  in  a 
dry  test-tube  add  an  equal  quantity  of  solid  KHSO,  (No.  71)  or  PjO». 
Heat  cai'cfuUy  aud  gradually,  without  charring,  over  a  burner  and  note 
the  penetrating  odor  of  the  vapor  given  off.  This  charadcriatic  odor  is 
due  to  the  acrolein  which  is  formed  by  the  dehydrating  action  of  KHSO, 
and  beat  on  the  glycerol.  Perform  the  same  test  on  the  original  fat 
and  ou  the  fatty  acids  obtained  in  41.  Writ«  la  the  note-book  the  atmc- 
tural  fonnulaa  of  acrolein  and  glycerol. 

*  42.  (b)  Absorption  of  iodine  by  unsaturated  fatty  acids. — Dis- 
solve a  small  amount  of  the  fatty  acids  in  chloroform,  then  add  thereto 
2-3  drops  of  llubl's  iodine  solution  and  shake.  The  iodine  will  be 
absorbed  by  the  fatty  acid  and  the  aolutloo  decolorized  if  unsaturated 
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acids  are  present.  T17  this  test  also  on  tbe  original  fat  aa  n-cll  us  tii« 
£atty  acid  aod  make  a  control  tust,  shaking  the  chloroform  and  iodine 
alone.  Explain  tlie  reaction  in  detail.  Define  the  iodine  number  of  fats. 
Hubl's  iodine  solution  contains  26  grams  iodine  and  30  grams  HgCl, 
in  1,000  cc  95  per  cent,  alcohol. 

S.     Experiments  showing  how  a  neulrat  fat  Ttmy  be  identified. 

*43.  By  the  determination  of  the  saponification  number. — Obtain 
a  sample  of  oil,  the  saponification  number  of  which  is  known  to  the  in- 
structor, from  the  Rtoreroom.  Kead  under  general  dircctious  as  to  the 
use  of  pipettes.  Accurately  measure  out  5  c.c.  of  the  oil  with  a  elean, 
dry  5  cc  graduated  pipette  and  transfer  to  a  clean,  dry  250  ess.  Krlen- 
meyer  flask.  (If  facilities  for  weighing  exist  it  is  belter  lo  weigh  about 
5  grams  of  oil  instead  of  measuring  it.  This  can  be  done  by  placing  « 
small  amount  of  oil  with  a  medicine  dropper  in  a  small  fhuk,  wcighiBg 
all  accurately,  then  transferring  about  5  c.c.  of  oil  to  the  Krlcnmeyer 
Qask  and  rcwcighing  the  medicine  dropper  and  flask.  The  difference  in 
the  weighings  gives  the  weight  of  oil  taken.)  Now  add  50  c.c.  of  the 
special  alcoholic  KOH  solution,  this  also  to  be  moasui'ed  accurately  with 
a  dry  25  e.c.  pipette.  Into  another  fiask  of  the  same  kind  also  measure 
accurately  50  cc.  of  the  alcoholic  KOH  solution  with  the  same  25  ex. 
pipette.  Fit  each  flask  with  a  reflux  air  condenser  and  boil  gently  over 
a  wire  guuxc  for  30  minutes  ^  next  cool,  odd  about  1  c.c.  phcnolphthalein 
solution  and  titrate  witli  the  N/^  liiSO.  sulutiou.  Titrate  the  blank 
flask  in  the  same  way. 

By  saponification  cumber  is  meant  the  number  of  mgs.  of  KOH 
necessary  to  neutraliKe  the  fatty  acids  in  1  gram  of  Eat,  phenolphUia- 
lein  being  the  indicator.  Record  your  mvasuromenta  and  calculations  in 
some  such  way  as  the  following:  (Specifl.c  gr.  of  oil  may  be  obtaioeil 
from  instructor.) 

on  takm  8  cc  sp.  gr,  = = Onmti  nil. 

Biintta  rcftdin^  in  titratlBg  Ui«  blank 

Burctts  readinKa  in  titrating  the  tAponJAed  oil 

ex  N/2  U,SO   ttiuiv»l«]t  U>  thv  KOH  uited  in  tlie  nponiftmtioB 

cc.  Ny2  KUI I  required  U)  wponifjr grains  of  ©II 

1  cc  K/2  KOH  conUina grama  of  KOH 

eiif>An{acstl«n  nan)b«r  of  the  oil  = 

44.  By  the  determination  of  the  iodine  number. — The  iodine  num- 
ber is  the  per  cent  of  iodine  absorbed  by  the  fat  That  is  it  ia  the 
number  of  centigrams  of  iodine  absorbed  by  1  gram  of  fat.  Neutral 
fats  of  saturated  fatty  acids  absorb  no  iodine;  but  neutral  fats,  which 
contain  some  unsaturated  acids,  will  absorb  iodine  at  the  unsaturated 
bond,  two  atoms  of  iodine  being  absorbed  to  each  double  bond. 

The  solutions  needed  in  this  detemunation  are  made  up  and  titrated 
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by  the  instructoni  aod  the  titration  values  of  the  thiosulphate  in  togs, 
of  iodine  and  of  the  Wijs  solution  (iodine  dissolved  in  iodine  trichloride, 
ICU)  are  marked  on  the  bottles.  In  accurate  work  the  oil  or  fat  must 
be  weighed,  but  in  the  clasa  work  it  may  be  measui-ed  by  a  pipette  aad 
the  weight  calculated  from  the  specific  gravity.     (See  page  ti6.) 

Weigh  a  dr}*  lOU  c.c.  flask.  Add  to  it  about  OJiS  c.c.  of  olive  oil 
and  weigh  again  carefully  so  as  to  obtain  the  amount  of  oil  used.  Uis- 
solve  the  oil  in  10  c.c.  of  carbon  tetrachloride  and  add  after  solution 
25  e.e.  of  U'ijs*  iodine  solution,  stopper  the  ilaak  and  allow  it  to  staud 
in  the  dark  for  from  one  to  two  hours.  Then  pour  the  contents  of  the 
flusk  without  loss  into  a  750  e.c  ErlcDmeycr  Hask,  adding  to  the  small 
tiask  10  c.c.  of  KI  solution  to  wa^h  out  Uiu  iodiuc  left  in  it  and  vash  the 
potassium  imlide  quantitatively  into  the  750  c.c.  flask.  The  total  volume 
of  fluid  should  be  about  300  c.c.  Now  titrate  the  iodine  solution  with 
the  standard  thiosulphate  solution,  using  starch  as  the  indicator.  Do  not 
add  the  starch  until  the  amount  of  iodine  remaining  is  sufHinent  to  give 
only  a  light-brown  color.    The  calculation  should  be  recorded  as  follows : 

ThjiMulphnta  used  in  tlio  titration ui. 

I  CG.  tliiuaulphatu  cquuls mgs.  Iodine 

AtnQunt  at  ludine  not  uLiaorbed  by  the  fa,l  = JC = . .  mg». 

Amount  of  indine  in  3^  c.c.  VVijs  solution mgs. 

.Mpi    of  iudiiic  abaurbcd  by  the  fnt  ::^ 

Weight  bi  fat  taken  = 

lodinu  uumlwT  of  fftt= i= 

44  (b).  Standard  tkiosulphatc  solulion  for  the  iodine  value  of  fiUi. 
Dissolve  48  grams  of  sodium  thiasulphate  in  2  liters  of  water.  Allow 
to  stand  about  24  hours  and  then  standnrdiKc  it  accai'ding  to  Vollhard  as 
follows:  Dissolve  3.8657  grams  of  potiiSiiiuiu  bichromate  in  water  &nd 
make  up  to  1  liter.  10  c.c  of  10  p«r  cent.  Kl  solution,  5  c.c.  strong 
UCl  and  e.-cactly  20  c.c.  of  the  bichromate  solution  are  mixed  in  a  750 
c.c.  Krleumeyer  flask  and  then  diluted  with  about  300  c.c.  of  water. 
This  amount  of  bichromate  solution  when  acidified  with  UCl  liberates 
exactly  0.2  gram  of  iodine  from  the  KT.  Now  determine  by  titration 
how  many  c.c.  of  the  thiosulphate  solution  It  takes  to  reduce  exactly  this 
amount  of  iodine.  To  do  this  run  in  from  a  burette  carefully  some  of  the 
thiosulphate  until  the  iodide  solution  is  only  faintly  yellow  from  the 
iodine,  and  then  add  a  little  starch  solution-  Now  carefully  add  the 
thiosulphate  until  the  blue  color  of  the  starch  is  just  lost  The  number 
of  e.c.  of  thiosulphate  equivaleot  to  0.2  gram  iodine  is  thus  determined. 
From  this,  by  division,  the  amount  of  iodine  equivalent  to  1  e.c.  thiosul- 
phate may  be  calcu]at«d. 

44  (c).  Iodine  gohiHon  of  Wijs.  This  is  an  iodine  monochlorlde 
solution  made  as  follows:  Weigh  into  a  300  c.e.  flask  9.4  grams  of  iodine 
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trichloride  and  Uien  pour  in  about  200  c.c.  ot  glacial  acetic  acid.  Fit  the 
Gaak  witti  a  cork  cariyiog  a  CaCl,  tubo  and  heat  on  Uie  wator  bath 
till  ult  is  dissolved,  iiub  7.2  grams  iodine  to  a  fine  powder  in  a  mort&r 
and  n-a&b  it  with  glacial  acetic  acid  into  a  similar  Qunk  and  heat  this  in 
the  same  maimer  to  solution.  Pour  the  couteuts  of  botli  flasks  into  s 
stoppei'ed  graduated  liter  llaitk,  add  glacial  acetic  ai*id  in  portions  to  the 
iodine  and  reheat  until  all  the  iodine  has  been  dissolved  and  carried  to 
the  liter  llask.  Stopper,  allow  to  oool,  make  «p  exactly  to  1  liter  with 
acetic  acid  and  titrate  on  the  foUovring  day  by  the  standard  tbiosul- 
phate  solution.  To  do  this  measure  exactly  with  a  pipette  10  or  20  c.c.  of 
the  solution  iuto  a  largo  Krlenmeyer  fiask,  add  10  c.c.  10  per  cent.  KI 
solution  and  dilute  with  200  or  400  c.c  water.  Then  run  iu  from  a 
burette  the  thiosulpbato  until  palu  yellow,  then  add  Kome  starch,  aud 
add  tkiosulphatc  carefully  to  the  disdiarge  of  the  blue  color.  Tho 
atrciigUi  of  ttic  iodine  chloride  solution  may  alter  a  little  in  the  first 
wock,  but  thereafter,  Lcathcs  saya,  it  remains  very  nearly  constant  for 
some  weeks.  Restundardize  fix>ii)  tiiue  to  time.  The  glacial  acetic  acid 
should  be  twice  rccr>'staUized  and  the  mother  liquor  poured  ot!  from 
ihe  crystals  before  use.  Care  must  be  taken  to  prevent  the  absorption 
of  water. 

Lewkowitsch  modifies  Wijs  solution  by  adding  the  iodine  and  iodine 
trichloride  in  molecidar  proportion.s :  7.9  grams  ICl,  and  8.7  grams  I,. 

44  (d).  voi\  HvbVs  iodine  soluiion,  Di-ssolvc  25  grams  of  iodine 
in  500  cc  95  per  cent,  alcohol  mixed  the  day  before  being  used  with 
an  equal  quantity  of  a  solution  of  30  grama  mei-curic  chloride  in  500  cc. 
of  D6  per  cent,  alcohol.  Waller  recommends  adding  50  c.c.  strong  HCl 
to  1  liter  of  tho  mixed  iodine  nnd  mercuric  chloride  solution.  This  keeps 
its  titer  twHcr  as  it  prevents  the  reat^Uon  of  the  ICI  virith  water  (101+ 
11,0=1011 +nCl).  Von  Ilubl's  solution  gives  lower  values  for  tlie 
iodine  number  in  linseed  oil  and  cholesterol  than  Wijs. 

45.  The  emulsification  of  Eats  by  soaps.  Cleansing  action  of 
soaps. — In  Uiia  experiment,  use  Ihe  oil  layer,  described  above,  experi- 
mcnl  37,  as  the  neutral  oil ;  before  using  for  the  lest,  however,  heat  on 
tho  water  hath  until  it  lias  become  clear.  For  the  rancid  oU  testa. 
11M   tho    olive   oil    on    the   side    shelf.     Prepare   tubes    as    follows: 


Tflto 


o«iUd«a 


3  drops  ntncld 
3      ■'     nratnl 
3      "     rtaai 
3      "     ncatnl 
3       "      mncid 


atkpr  ■ddltioD 


$  c&  HO 

■I       44  If 

S  «.«.  H  0  +  0.3  cc  N'/IO  KoOn 
■I    It       if  n     u  fi  o 

5  ce.  0.06%  Soap  Sol. 
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Tube 


Oil  Kdded 


3  drops  iit'Utral  6  cc.  if.05  %  Soap  Bo), 
Z       "      randd  >j  u.O.  Il>^  Egg  Wkitig 
3       "      nculral"    ••""■• 
3      "     rancid  's  Co.  10^  Gum  Arnbfc 
3       "      neutrall"    "      *■         "         " 


HUM  cf  omalalvti  attvr  80  tnlnnn 


Shake  all  tubes  equally  thoroughly.    Note  the  Appearance  immediately 
afti^r  sliaking  and  30  loinutes  later. 

Write  a  brief  explanation  of  the  manner  io  which  soaps  emulsify  fata. 
See  page  222.  How  does  soap  reduce  the  surfsite  tension  at  the  bound- 
ary of  the  oil  and  the  iatt 

5.  Experiments  iliusirating  the  method  of  obtaining  and  the  physical 
and  cketnical  properties  of  pkospholipins  and  glycolipins. 

*  46.  Preparation  o£  a  glycolipin,  cercbrin.  (Phrenosin  and  k<ra- 
sin  mixture.) — Obtain  200  grams  linely  cboppcd  calves',  pigs'  or  sheep 
brains,  at  the  storeroom.  Transfer  to  a  10-12-iDch  porcelain  dish  and 
gradually  add,  while  stirring  well,  200  e.c.  95  per  cent,  alcohol.  Next 
transfer  the  mixiiire  to  a  750-1,000  c.c.  flask;  add  200  c.e.  95  per  cenL 
alcohol,  mix,  fit  &ask  with  a  reflox  condenser,  lieat  on  the  steam  bath  for 
%  hour,  agitating  the  Bask  from  time  to  time.  Filter  hot,  through  a 
dry,  folded  filter  paper,  into  a  dry  flask,  removing  as  much  of  the  liquid 
•a  possible  f  i-oni  th«  undissolved  tissue.  Again  add  250  cc.  96  per  cent, 
alcohol  to  the  residue  which  has  been  returned  to  the  flask,  boll  on  the 
steam  bath  as  before  and  filter  into  the  same  filtrate  as  before.  Betum 
the  residue  to  tiie  flask  and  extract  again  witik  2.50  c.e.  fresli  alcohol. 
Combine  tlie  tliret!  Sltrates  and  set  aside  in  a  covered  beaker  in  a  cool 
place  until  the  next  day  to  permit  of  crystallization.  Save  the  residue, 
return  it  to  the  flask  and  add  250  c.c.  ether,  allow  to  extract  at  room 
temperature  for  several  hours,  filter  off  the  etlier  and  extract  once  more 
with  the  same  amount  of  ether.  Unite  and  save  ether  filtratea.  The 
hot  alcohol  takes  out  cholesterol,  lecithin,  and  the  cerebrosides,  besides 
other  substances.  The  etlier  will  take  out  an  additional  amount  of 
ccphalin. 

Separation  of  cerebrin.  The  next  day  filter  ofF  the  cold  alcohol  from 
the  white  crystalline  precipitate  which  has  separated  out,  using  the 
Buchner  suction  funnel.  The  filter  paper  in  the  funnel  must  he  first 
moistened  with  water,  suction  applied  and  then  the  water  removed  from 
the  paper  with  alcohol.  The  filtrate  contains  phospholipin  and  may  be 
united  with  the  ether  extract.  The  white  precipitate  consists  of  some 
phospholipin,  cerebrin  and  some  cholesterol  and  other  substances.  It 
is  sometimes  called  impure  protagon.    Transfer  the  white  material  to 
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B  small  beaker  and  dissolve  in  100  c.c.  hot  metliyl  or  etliyl  alcohoL 
Filter  hot.  Allow  the  hot,  clear  solution  to  cool  slowly  luid  thoroughly. 
Impure  oerebrin  and  cholustei-ol  cry&lalUsc  out  Filter  off,  adding  tbt 
filtrate  to  the  ether  «xtract  above.  Wash  the  crystals  in  cUicr.  Cbol«s- 
t«roI  dissolves  iu  ether  and  viU  go  into  solution,  while  cercbriu  is  insol- 
uble. Add  the  ether  washings  to  the  ether  esctroct.  R«crystalli2«  the 
oerebrin  crystals  once  more  from  hot  meth>'l  alcohol.  The  result  is  an 
impure  phrenosia  aud  kerasin  (cerebroside).  To  remove  tlie  last  traces 
of  pfaospholipin  it  would  be  necessary  to  recryslallize  iu  hot  t'ltteial  acetic 
acid.  The  following  experiments  can  be  tried  with  the  ccrebrin  thns 
obtained. 

*47.  Hydrolysis  of  cerebrostdes  (glycoltptn). — The  objoct  of  this 
experiment  is  to  show  thai  the  glycolipiu  from  brain  is  hydrolyzed  by 
acid  and  yields  galactose. 

To  about  0.5  gram  corebrin  in  a  100-150  ce.  flask  add  about  50  ex. 
distilled  water  and  0.5  c.c.  con.  U^SO,  (rouusured  by  a  5  c.c.  graduated 
cylinder).  Then  proceed  with  tliti  hydralysis  a.s  in  th«  hydrolysis  of  a 
iwlysaccharidc,  experiment  7.  Do  fatty  acids  form  on  the  surface  f 
Kcmove  the  sulphuric  acid  in  the  same  way.  Test  u  portion  of  the  clear 
water  solution  by  Fehling's  solution  in  the  usual  way.  A  rednction 
should  be  obtained.  Test  another  small  portion  for  phosphoric  acid. 
Evaporat«  the  remainder  to  about  6  c.c.  and  proceed  with  the  macie- 
acid  lt?$it  as  given  iu  experiment  30. 

*  48.  Preparation  of  phospholiptns  (phosphatides). — Concentrate 
llie  united  etlier  extracts  and  cold  alcoholic  filtrates  from  experiment 
46  in  a  porcelain  disli  on  the  water  bath.  Evaporate  to  the  coDsistencv 
of  a  salve  or  paste.  Avoid  overheating  or  baking.  Add  25  co.  95  per 
cent,  alcohol,  moistening  all  the  solid  substance  in  the  dish  therewith. 
Tr>'  to  reJissolve  the  material  as  much  as  possible  so  as  to  cover  Less 
space  in  the  dish.  Again  evaporate  as  above  to  a  thick  syrup.  Again 
lake  up  in  Sf)  per  ceuL  alcohol  and  repeat  the  evaporation.  This  is  U) 
remove  the  water.  Allow  to  cool  and  immediately  on  cooling  extract 
the  residue  in  the  dish  three  times,  using  20  c.c.  ether  each  time.  Decani 
the  ether  off  each  time  into  a  large  test-tube.  Be  very  careful  to  avoid 
getting  water  into  the  material  in  the  dish  and  be  sure  to  break  up 
the  lumps  as  much  as  possible  while  treating  with  ether.  The  milky 
clher  extracts,  combined  in  a  large  test-tube,  stoppered,  are  set  aside 
in  a  cool  place  to  settle.  Alter  a  day  or  two  the  clear  supvruataut  liquid 
is  poured  into  a  300  c.c.  beaker  and  then,  while  stirring  well,  three 
volumes  of  anhydrous  acetone  added.  Be  sure  to  use  acetone  wliiuh  Itai 
not  been  allowed  to  absorb  moisture  by  standing  exposed  to  the  air  or 
by  being  measured  with  vessels  which  contain  water  or  alcohcd.  ThS 
precipitated  phospholipin   (lecithin,  cephalin  and  various  myelins)   is 
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allowed  to  settle  out  and  the  sapernatant  acetone-ether  solution  poured 
into  a  10-12-incb  poreelain  liish  ami  allowed  to  evaporate  spontaneously 
for  the  cholesterol  preparation.  ( Kxperimcnt  50.)  The  phospholipin  pre- 
cipitate is  now  ItncadtKl  witli  a  horn  spoon  or  a  friass  rod  until  all  the  par- 
ticles are  collected  into  one  mass.  Knead  this  mass  well  with  two 
15  C.C.  portions  of  acetone,  adding  the  acetone  washings  to  the  acetone- 
ether  solution,  evaporating  for  cholesterol.  The  phosphatide  prepara- 
tion may  be  kept  on  a  watch  glass  in  a  desiccator.  Examine  a  portion 
of  it  to  determine  its  coiuposition  as  foIlowB: 

*  49.  Tests  for  glycerol,  fatty  acids  and  organic  phosphoric  acid 
in  phospholipin. — Take  a  portion  of  phosphatide  about  equal  in  bulk 
to  a  sphere  with  a  diameter  of  one-eighth  inch,  place  in  dry  test-tube 
and  cover  with  a  little  PjOi  and  heat  gently  in  the  flame,  amelling  from 
time  to  time  as  soon  as  white  fumes  come  olf  from  the  fused  phosphatide. 
Note  the  irritating,  penetrating  odor  of  acrolein,  showing  the  presence 
of  glycerol.  Take  anotlier  portion  of  phospholipin  of  the  same  amount, 
dissolve  tliis  in  a  test-tube  in  about  6  c.e.  95  per  cent,  alcohol.  Heat  to 
boiling  in  a  Ktcam  bath  and  add  an  eqnal  quantity  of  concentrated  HCl 
and  heat  on  the  steara  bath  for  20  minutes.  Transfer  to  a  100  c.c. 
beaker  and  evaporate  until  the  alcohol  has  been  boiled  off.  Then  shake 
the  residue  in  20  c.c.  ether  in  a  separator)'  funnel,  separate  the  ether 
layer  from  the  other  and  evaporate  both  separately  on  the  steam  bath 
until  the  ether  and  UCl  have  been  removed. 

Note  the  character  of  the  material,  fatty  ncid,  left  from  the  ether. 
Dissolve  this  in  the  least  quantity  of  dilate  NaOH.  Acidify  again  and 
heat  to  boiling.    TVhat  separates! 

The  residue  from  the  evaporation  of  the  aqueous  solution  above 
should  be  tested  for  phosphoric  acid.  It  is  dissolved  in  a  Httle  water, 
transferred  to  a  test-tube,  most  of  the  water  evaporated  and  10  drops 
of  eonecntrated  H^SO,  added  to  destroy  organic  matter.  Heat  in  the 
flame  until  charred,  then  add  one  drop  of  concentrated  HNO,  and  again 
heat  until  charred.  Be  very  careful  *o  hold  ike  m<»ith  of  the  tesi-tvbe 
directed  away  from  ytni  when  you  add  the  nitric  acid;  in  applying  this 
test  to  fatty  substances  or  to  siihstances  contemning  glycerol,  alcohol 
or  ether  one  must  he  very  cautious,  as  a  vioUnt  reaction  is  likely  to  take 
place  at  the  beginning  of  digestion.  Repeat  the  addition  of  one  drop  of 
nitric  arid  iind  the  heating  until  the  material  no  lonner  chars  on  heating 
sufficiently  to  give  off  white  sulphuric-acid  fumea.  Allow  to  cool,  then 
carefully  add  about  5  c.c.  distilled  water  and  strong  NH.OII  {No.  5) 
until  faintly  alkaline.  Now  again  add  iu.st  enough  concentrated  HNOg 
(one  drop  at  a  time)  to  render  acid.  To  this  solntion  wanned  to  about 
70'  C.  add  a  few  c.o.  ammonium  molybdate  sohition  (No.  6).  Agitate 
with  a  stirring  rod.    If  phosphorus  is  present  in  the  original  subatanco 
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it  will  be  precipitated  h«re  as  the  yellow,  ammoDium  pbosphomolybdate. 
Wrile  8  (fpaphic  Eormola  for  lecithin. 

•  50.  Prcpararion  of  cholesterol. — To  the  resirlue  left  on  evaporat- 
ing the  acetone-ether  solution  decant«d  above,  add  25  c.e.  95  por  eenu 
alcohol  and  5  cc.  strong  NaOH  solution  (Ko.  86).  Mix  veil,  transfer 
to  a  150  cc.  Erlcnmeyer  flask,  using  10  c.c.  more  95  per  ccnL  alcohol 
to  rinse  the  dish  with.  Fit  the  flask  with  a  reflux  air  condenaer  and 
boil  on  the  water  bath  for  30  minutes.  Then  evaporate  in  a  10  cm.  dish 
to  remove  most  of  the  alcohol;  neutralize  to  litmus  by  gradually  adding. 
while  stirring,  coDccotratcd  HCI.  Cool  and  extract  with  three  20  e.c. 
portions  of  ether.  Allow  the  combined  clear  ether  extracts  to  evaporate 
spontaneously  to  a  small  volume  in  a  100  c.e.  beakor.  The  crystals  of 
cholesterol  may  be  recrystalUxed  from  95  per  cent,  alcohol.  They  should 
be  colorless  plates. 

•51.  Cholesterol  reactions. — (a)  lODiNE-sripnuiuc-ACiD  test. 
Prepare  a  mixture  of  5  c.c.  concentrated  n-SO,  4-  1  c.e.  water.  Cool  and 
add  a  few  small  white  etystals  of  cholcfitcrol.  Allow  to  act  at  room  tem- 
perature until  the  educs  of  the  crystals  are  coIore<l  pink.  Then  add  3 
drops  of  a  dUnU  iodine  solution  (1  vol.  No.  45  -J-  10  vol.  water),  agitate 
and  note  the  colors  developing.  Gradually  add  5  to  10  drops  more  of  the 
same  iodine  solution,  agitating  after  each  addition.  Obserro  under 
microscope. 

(b)  SAijcowsKi  'a  BRACTiON,  Dissolve  a  small  crystal  of  cholesterol  in 
about  1  c.c.  chloroform  in  a  dry  test-tiibe.  To  this  solution  at  roam  tem- 
perature add  an  equal  volume  concentrated  TT^SOi.  Do  not  agitate  at 
once,  but  note  the  red  color  of  the  upper  chloroform  layer  and  the  flaor- 
eseence  of  the  snlphnrtc-aeid  layer  after  standin;;  a  minute  or  so.  Agi- 
tate to  mix  tlie  two  layers  and  set  aside.  Note  the  intense  cherty-red 
coloration  of  the  upper  layer  on  separating  into  two  layers. 

(q)  UKBERUANN-»L-xciiARn  REACTION.  In  a  drtf  tcst-tubc  dissolve  a 
few  small  crystals  of  cholesterol  in  about  1  c.c.  chloroform.  Next  sdd 
5  drops  acetic  anhydride,  mix  and  then  add  concentrated  H,80«,  drop 
by  drop.  2-0  drops.  Shate  the  contents  of  the  tube.  Allow  to  act 
further  without  heating  and  note  the  changes  in  color.  A  deep  bine 
color  develops. 

ni.    PROTEINS. 

♦52.  Elementary  composition  of  the  proteins. — Carefully  heat  a 
small  amount  of  dried  casein  or  other  dried  protein  in  a  dry  test-tube 
until  the  characteristic  odor  of  burning  hair  is  developed.  Note  the 
drops  of  water  on  the  sides  of  the  tube.  The  presence  of  Ibis  water,  if 
the  protein  has  been  tliorougbly  dried  at  100",  means  that  proteins 
contwn  hydrogen.    The  charred  black  mass  Bhows  the  presence  of  carbon. 
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To  show  the  presence  of  nitrogen  now  add  about  1  e.c,  of  a  mixture  of 
equal  parts  of  powdered  magOGHlum  metal  and  dry  sodium  carbonate. 
Again  beat  cArefully  until  the  material  haK  burst  info  a  flame.  Now 
at  once  dip  the  end  of  the  tube  into  10  c.c.  of  distilled  water  in  a  mortar. 
The  end  of  the  tube  should  be  broken  by  tlie  water.  Break  up  the  mate- 
rial with  a  pestle  and  filter.  To  lie  filtral«  now  add  a  small  crystal  of 
ferrous  sulphate  and  boil  about  one-half  minute,  fly  the  heating  with 
the  magnesium,  and  by  dry  distillation  of  proteins,  hydrocyanic  acid  is 
formed.  The  ferrous  sulplialo  ujiit«s  with  the  sodium  cyanide  to  make 
ferrocyanide.  Now  add  to  the  solution  concentrated  HCl  until  just  acid. 
If  the  dark-blue  ferric-forrocyanide  is  not  formed  at  onee,  add  a  drop 
of  ftrric  chloride.  The  presence  of  nitrogen  in  proteins  is  shown  by 
the  formation  of  Ihc  cyanide.  Many  proteins  con1a.in  also  sulphur  in 
an  unoxidized  form,  which  may  be  detected  by  the  formation  of  lead 
sulphide  as  in  experiment  53  K. 

*  53.  Methods  of  detecting  proteina  in  solutions  or  solids.  Color 
reactions  of  the  proteins. — For  these  experiments  take  portions  of  blood 
SfHim  which  has  been  dihitcd  10  times  with  wal-er;  or  e|»g  wlnte,  diluted 
with  Ave  volumes  of  water;  or  a  2  per  cent,  solution  of  commercial 
peptone. 

•  A.  Biuret  (Peotrewski's)  reaction.  To  2  c.c.  portions  of  the  solu- 
tions of  blood  albumin,  egg  white  and  commercial  peptone  add  2  c.c. 
10  per  cent.  NaOU  and  then  one  drop  of  a  0.5  per  cent.  CnSO,  solution. 
Mix  well  and  add  more  CuSO,,  drop  by  drop,  until  a  distinct  pink  or 
violet  color  is  developed  or  until  a  precipitate  of  Cu(OH)i  is  formed. 
If  the  rose  or  violet  color  which  constitutes  the  biuret  reaction  does  not 
come  at  once,  allow  to  stand  1.5-2n  minutes. 

This  reaction  is  interfered  with  if  much  ammonium  salt  is  present. 
In  its  presence  it  is  necessary  to  add  a  large  amount  of  strong  NaOH 
to  get  rid  of  the  influence  of  the  NH.OH.  If  NaOH  is  added  to  a  solu- 
tion containing  an  ammonium  salt,  such  as  (NTI,)  .80,.  sodium  sulphate 
will  be  formed  and  ammonium  hydrate.  The  ammonium  hydrate  is  a 
very  weak  base,  particularly  in  the  presence  of  ammonium  salts;  it 
combines  with  the  cuprie  ions,  removing  them  from  the  solution,  so 
that  it  is  necessary  to  add  NaOH  until  nearly  the  whole  of  the  ammonium 
sulphate  or  other  ammonium  salt  has  been  decomposed.  To  show  this 
add  to  tlie  peptone  test  above,  drop  by  drop,  a  saturated  solution  of 
ammonium  suli>h&tc  until  the  blue  color  of  the  ammonium  cnpric  sail; 
replaces  the  pink  color,  due  to  the  biuret  reaction.  Now  add  the  strong 
40  per  cent.  NaOH  (No.  86)  until  the  pink  color  returns. 

Bead  on  paffo  144, 

Bcpeat  this  test  with  biuret.    Make  the  biuret  from  urea  an  follows ; 

•vC,  1.  formation  of  biuret  and  eyanuric  acid  from  urea.    Carefully 
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heat  over  a  low  flame  a  layer  of  urea  about  one-eighth  inch  deep  In  x 
dr>-  ti«t-tube.  The  ur«a  nitlts,  Oi«o  Uic  liquid  boils  and  ilrially  a  white 
solid  remains  on  the  sides  and  bottom  of  tho  tube.  During  Uio  hoatizic 
note  the  odor  of  the  tiipor  (ammonia)  carapin^  from  the  tube.  After 
cooling  add  about  5  c.c.  of  water,  warm  slightly  and  decant  from  the 
usdissolved  residue  into  another  tube  and  then  make  the  biuret  t«8t  in 
the  aqueous  solution.  A  piulc  volnr  should  be  obtained.  Biuret  is  formed 
aiwording  to  the  following  reaction; 

NII^— CO— MHj  +NHj— CO— NH^s  KB^— 00— NH— CO—NH^  .f  NH^ 
Urcn.  Ur».  Biuret. 

The  undissolved  residue  Ipft  in  the  tube  is  mainly  eyanuric  acid. 
lU  barium  salt  is  insoluble.  To  tUe  white  residue  add  about  1  e.e. 
NH^OH  and  warm.  To  the  clear  solution  then  add  a  i'ew  droiw  of  BaCl, 
solution  (No.  11)  and  acidify  with  HO.  The  precipitate  is  barium 
cyanurate. 

Cynuuric  ocitl  U  C^HjKjO^.  or  HO— C  =  N  —  C— OH 

N=C  — N 

I 
OH 

Write  all  the  reactions  showing  the  rarioits  stages  in  the  formation  of 
biuret  and  cynnurie  acid.  Write  the  lactam  formula  for  (.-yanuric  acid 
(see  page  718). 

*  B.  Xanthoproteic  reaction  (see  page  147).  This  reaction,  the  yel- 
low protein  reactim,  is  given  both  by  solid  and  dissolved  protein,  but 
is  most  delicate  when  applied  to  the  solid  protein.  To  a  small  amount 
of  the  solid  substance  or  the  solution  add  about  I  c.c.  concentrated  niLric 
acid  and  boil  until  dissolved.  Cool.  Note  the  lemon-yellow  color  which 
develops  in  case  protein  is  present  containing  a  benzene  nnclens.  Cool 
the  solution  and  add  strong  NaOH  solution  until  tho  solution  is  slightly 
aUcaliuc,  The  color  should  chnngc  to  a  deeper  orange  if  the  test  is  posi- 
tive. See  if  solid  gelatin,  cosoin,  solutions  of  the  proteins,  one  drop  of 
iMiuene.  one  drop  of  toluene,  a  few  drops  of  2  per  cent,  phenol  solntioo 
and  a  little  sidicylic  scid  give  the  same  reaction.  This  reaction  is  not 
given  by  proteins  which  lack  the  aromatic  nucleus.  Explain  the  reac- 
tion (sec  page  148).  What  nmino-acids  found  in  the  protein  molecule 
give  this  reaction  t 

•C  MiiU}n'»  reattian.  For  the  composition  of  Millon*8  rea^^ent 
see  page  147.  When  this  test  is  applied  to  solutions  one  adds  a  few  drope 
of  the  reagent  to  four  or  five  e.e.  of  the  solution  and  then  heats  to 
boiling.  Generally  there  is  first  formed  a  wliite  precipitate  which  turns 
pinh  or  red  slowly  on  heating.    In  case  a  pink  or  red  color  does  not 
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develop  it  la  beist  to  add  a  few  more  dropR  of  the  reagent  and  again 
ln'Rt  to  boiling  niul  allow  lo  stand.  Th«  amount  of  reagent  to  be  add«d 
varies  considerably,  depending  on  the  concentration  and  nature  of  the 
solution.  Try  this  reaction  on  2  c.c.  of  the  2  per  cent,  gelatin  and  casein 
solutions,  and  on  solid  getatio  and  casein  and  on  the  albumin  solutiona. 
Ti'st  also  2  drops  of  '£  per  cent,  phenol  solution  added  to  'A  c.c.  of  water 
and  test  also  a  fevr  erystala  of  rcsorcin,  phloroglueinc,  thymol,  vaniliine 
and  tyrosine.    For  an  explanation  of  the  reaction  see  page  147. 

a.  The  reaction  is  interfered  with  by  the  presence  of  sodium 
chloride.  Repeat  the  phenol  or  any  of  the  other  reactions  which  have 
been  positive,  but  add  to  the  solution  some  solid  NaCl  first.  It  will  be 
rmind  nfct-,ssfir>'  to  adtl  imicli  inon-  Millon's  solution  btrfort;  a  red  color 
is  developed  if  N'aCl  is  prwirnl. 

b.  What  groups  in  the  protein  molecule  will  give  this  reaction  t 

•  D.  'Iryptopkant  reaction.  ( Adamkiewict  reaction.}  To  5  c,c. 
glacial  acetie  acid  add  'i-10  drops  of  the  2  per  cent  protein  sotutinn. 
mix  woH  and  pour  eoncontratod  H.SO^  down  1hi»  side  of  the  tube  so  that 
it  forms  a  layer  u)idei-ii(.-]itli  the  acet  re  acid.  A  vioK't  ring  should  develop 
at  the  plane  of  eontiic.t  if  (he  tcKt  is  poKJIive.  This  gfutTHlly  di^velops 
after  Ktandiug  a  few  mtiiuteK.  After  it  appears,  or  if  thfi  lest  is  negative, 
agitate  the  tube  so  as  to  mix  the  sulphuric  acid  and  acetic.  The  whole 
solution  may  become  violet 

Try  this  te^  on  gelatin  antl  casein  in  particular.  Is  gelatin  positive 
or  negati%'ef  If  the  test  is  negative,  it  is  well  to  repeat  it  by  dissolving 
some  of  the  dry  prott-in  in  glacial  acetie  acid  by  warming,  then  coolbig 
and  adding  the  HjSO^.  A  violet  ring  or  a  violet  solntion  should  bo 
obtained  on  mixing  if  the  lest  is  positive.  If  tryptophane  and  indole 
can  he  priM'tii'ed,  replant  this  teNi  on  MUiall  i|uantiti('<t  uf  rlu'Kc  KubHlanci>s 
or  their  sohitiona.  For  explanation  of  tlie  reaction  see  page  14fi.  "What 
proteins  will  not  give  this  reaction  T 

•  E.  Glyoiylic  acid  reaction  flTopkinS'Cole  reaction).  To  about  2 
c.c.  of  Klyoxylie  acid  n^ment  {No.  fJ8)  add  2  cc.  of  the  2  per  cent,  pro- 
tein solutions,  or  of  the  protein  solutionfl  to  he  tested,  mix  and  pour  con- 
centrated n.SO,  down  the  side  of  the  tube.  A  purple-violet  ring  at  the 
plane  of  eootaet  is  a  positive  reaction.  Repeat,  mixing  the  contents  of 
the  tube.  This  reaction  does  not  always  eome  immediately,  so  IE  nega. 
tive  allow  it  to  stand  15  minutes.  If  still  negative,  repeat,  using  a  little 
of  the  solid  protein  matter  dissolved  in  glyoxylic  acid  and  sulphuric. 

The  glyoxylic-ncid  reagent  is  made  in  the  following  way: 

In  a  500  c.c.  flaslc  place  10  sram.s  powdered  magnesium,  cover  with 

distilled  water  and  slowly  add  250  c.c.  of  saturated  oxalic-acid  solution, 

oooling  from  time  to  time  onder  the  tap.     Filter  off  the  magnesium 

oxalate,  acidify  slightly  with  acetic  acid,  dilute  to  one  liter  and  keep 
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hi  a  stoppered  bottle,  with  a  little  chloroform  added.    The  solutioii  eon 

tains  oxalie  acid  and  eljoxylic  arid,  rilO.COOn. 

Thin  reaction,  lik<;  the  pru'codinjr,  is  for  tryptophane.    Sae  p&gG  148- 
Colo  atatcs  that  this  reaction  is  interfered  with  by  the  presence  o( 

chlorides  in  e^esa,  and  in  the  presence  of  chlorates,  nitrates  and  nitrit«a. 

Tt  is  also  important  to  use  pure  sulphuric  acid. 

•  P.  Acree-Rosenheim  {ormaliichyde-  reaction.  To  2  c.c.  of  the  2  per 
cent,  solution  add  3  drops  of  formal dfihyde  solution  1:5,000  (No.  33)- 
Mix  and  pour  concentrated  sulphuric  acid  down  the  side  of  the  tube, 
as  in  the  precediof;.  Note  the  purple  ring  which  fonns  aft^r  standing 
about  5  minutes  if  the  test  is  positive.  This  is  also  a  trj'ptophanv  reao 
tiou.    For  explanation  see  page  149.  ^^M 

•  O.    Liebermann's  reaction.    This  test  con  be  made  in  two  form^ 
Boil  the  solid  protein  with  5  e.e.  concentrated  UCl  for  about  a  minute 
with  a  few  drops  of  dilute  saccharose  solation.    A  violet  color  develops 
if  the  test  is  positive.     Test  in  this  way  dry  egg  albumin,  casein  and 
gelatin. 

In  the  other  way,  treat  the  same  proteins  by  boiling  with  aUohol  onA 
ether  in  the  water  bath  first,  pour  off  the  alcohol  and  ether  before  boil- 
ing with  concentrated  HCl  and  do  not  add  the  aaccharose.  The  solid 
protein  often  takes  a  beautiful  blue  coloration  if  it  doea  not  diasolTe. 
and  the  solution  becomes  violet  if  it  docs  dissolve.  For  an  cxplanatJon 
of  these  reactions  reod  page  149,  In  the  first  case  the  aldehyde  is  sup- 
plied by  the  decomposition  of  the  sacebaroee;  in  the  latter  rase  it  is 
present  already  in  the  alcohol  or  other  or  both,  so  that  tlie  addition  of 
glyoxylic  acid  or  foruia.ldehyde  is  unnecessary.  Soraetiraes  carbohydrate 
U  alrcndy  present  in  the  protein  molecule  and  it  is  only  necessary  to 
boil  with  hydrochloric  acid  to  develop  the  violet  color. 

•  ff .  Ekrlick'a  p-dimctkyl~amino-hemaldehyde  re^dion.  In  place 
of  formaldehyde,  or  glyorylic  acid  or  the  aldehydes  developed  from  the 
carbohydrates  by  the  action  of  stronj:  acids,  we  may  nse  also  aromatic 
aldehydes  for  the  detection  of  tryptophanG.  Among  these  the  p-dimcthyl- 
amino-benxaldehydfi  is  often  used.    This  reagent  has  the  formula: 

C— COH 
HC  CH 


fh  iJH 


/ 


(CH,). 


To  1  C.C.  of  the  protein  solution  add  an  equal  volume  of  concentrated 
HCl  and  boil  for  one-half  minute;  note  the  color  developed,  if  any 
(Liebermaou  reaction).    Then  add  two  drt^is  ol  the  &  por  cent  solution 
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of  p-dimcthyl-amioo-bcnzatdehyde  in  10  per  cent.  H^SO^  (No.  59),  mix 
and  again  note  the  color.  A  red  to  violet  color  develops  in  caso  trypto- 
phane or  other  indole  derivatives  are  present.  A  few  drops  of  the  0.5 
per  cent.  NaNO,  (No.  87)  solution  added  now  elianges  the  color  to  a 
blue.  Another  method  of  making  this  test  is  described  on  page  919, 
This  reaction  is  alao  used  for  the  detection  of  indole  substances  in  the 
\irine. 

/.  Ehrlick's  diazo  reaction.  Diazo-hemene-sulphonic  acid.  This  is  a 
liiatidine  and  tyrosine  reaction.  The  formula  of  diazo-benrene-aiil phonic 
&v.'ul  is  CjHiNjSOjU.  Take  about  1  c.e.  of  the  0.5  per  cent,  sulphanilic- 
aeid  «oIution  in  2  per  cent.  HCl  (No.  91),  add  nn  equal  volnmc  of  the 
0.5  per  cent.  NaNO,  (No.  87)  solution.  Mix  well  and  after  about  one- 
iialf  minute  add  1  c.c.  of  the  I  per  cent,  protein  solution.  Again  mix 
and  then  add  enough  NH^OH  or  Na,CO|  to  make  tlie  mixture  distinctly 
alkaline.  Histiditie  gives  u  re<l  to  orange  (rolor  and  tyr»<tine  gives  an 
orange  color,  but  leRS  intense.  Tyrosine-  when  converted  into  the  benzoyl 
derivative  no  longer  gives  the  t«st,  but  benzoyl  histidine  does  (K. 
Inouye.  Zexts.  f.  physiol.  Chem.,  83.  1913.  p.  79).  Carry  out  this  test 
with  gelatin  and  casein  solutions,  with  distilled  water  and  with  tyrosine 
and  hiatidine,  if  they  can  be  prodded  by  the  instraotor. 

*  J.  Stolisck  reaction.  See  the  directions  under  carbohydratfa.  Try 
this  test  on  solutions  of  cagein,  egg  albumin,  blood  proteinic,  gelatin  and 
Witto'e  peptone.  Note  which  are  positive.  A  positive  reaction  is  an 
indication  of  the  proaencc  of  carbohydrate  in  the  protein  molecule  or 
solution. 

*  K.  Reduced  sulphur  reaction.  To  the  protein  solution,  and  for 
this  teat  it  is  better  to  take  a  fairly  concentrated  solution  of  the  pro- 
tein, add  four  volumes  of  10  per  cent.  NaOH  and  boil  for  a  few  mo- 
menta, 1-2  minutes.  Then  add  a  few  drops,  3-10,  of  lead-acetate  solu- 
tion. A  brown  color  or  a  black  precipitate  formed  on  the  addition  of 
Pb  acetate  shows  the  presence  of  unoxidixcd  sulphur  in  the  molecule.  It 
is  split  off  as  the  sulphide  and  proeipitatcd  as  sulphide  of  lead.  Test 
alaoL  gdatiu.  casein  and  Witte's  peptone  solution  by  this  test.  Which 
are  positive!  Has  casein  sulphur  in  it!  If  the  instructor  can  supply 
some  cystine,  repeat  this  test  witli  a  little  cystine  dissolved  in  sodium 
hydrate  containing  some  load  acetate. 

*  Ninhydrin  (iriketohydrindenehydralc)  reaction  (Ruhcmann,  Trans, 
Chem.  Soe.,  97,  p.  2025,  1910;  Abdcrhaldcn  and  Schmidt,  Zeit  f.  phyi. 
Chem.,  72,  p.  37,  1911).  Ninhydrin  is  triketohydrindcnchydrate.  This 
reaction  is  one  of  the  moat  sensitive  of  Uie  protein  reactions.  It  is 
positive  with  proteins,  peptoncH  and  amino-acids,  with  the  exception  of 
those  which  have  an  imino  instead  of  an  amino  group.  One  earboxy! 
and  one  <r -amino  group  must  be  free  for  protein  or  peptide  to  give  a 
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po«itive  test.  The  Tcaction  is  made  as  follows:  O.I  gr.  of  Uic  reagent 
is  difcwiveti  in  3(f-10  (■,»■,  of  waUT.  On*'  or  two  drops  of  thin  solution 
IH  adflnl  to  1  r.(-.  of  Die  solution  to  be  tostmi  and  hosted  a  short  time  to 
t)oiliirg.  On  (.-ooliiif^  n  moiv  or  h^ws  iiil*-iiKL>  bliit>  color  dovflopn.  if  the 
test  is  posiLive.  It  is  necessary  that  the  fluid  should  be  neutral  in  reac- 
tioD.  If  acid,  the  color  is  more  retl-violet  and  the  reaction  is  retarded  bjr 
ulkidi.  SfL-  pup"  iriO.  The  solution  «f  niiihydrin  does  not  keep  well, 
so  it  is  well  to  make  it  up  in  small  amounts.  It  comes  in  the  trade  in 
0.1  gram  TJalR.  In  using  this  test  for  the  presence  of  ammo-acida  in 
dialyxatc  Abderhaldcn  recommendft  that  it  be  made  a^  follows:  To  10 
to.  of  the  dialyzate  0.2  c.c.  of  the  1  per  cent,  solution  of  ninhydrin  is 
added.  A  boiling  stick  ir  then  added  and  the  solution  boilod  for  exactly 
one  minute  from  the  appearance  of  the  first  air  bubble  on  the  side  of 
the  test-tube.  A  control  should  be  run  at  the  same  time,  the  control 
having  no  HiibstHiu-c  in  it  giving  thi^  ti'»t.  A  blue  color  devi*lo[>8  on  trool* 
ing  if  the  test  is  positive  (Abderhaldcn,  Schuiifcrmmte  des  lierischeit 
Organismvs,  Berlin.  1912).  Ninliydrin  is  a  trade  nome  for  triketo- 
hyflrindcuchydratc. 

*  54.  Determination  of  the  amount  of  nitrogen  in  protein  bodies 
by  the  Kjeldahl  method. — ^Follow  the  directions  for  the  determination 
of  nitro^n  by  the  Arnold-QunQing  modification  of  the  Kjeldahl  method. 
Detennine  the  nitrogen  In  a  ttample  of  protein  material  ^ven  you  by 
the  instrui'tor.  When  you  have  msde  the  delerminHlion,  compare  yonr 
results  with  the  correct  values  to  be  obtained  from  the  instructor.  The 
sample  given  you  is  probably  not  a  imrc  siniple  protein,  but  a  mixture; 
possibly  a  ground-up,  alcohol -e.-ttracted,  dried  tissue. 

Procure  a  weighing  tube  of  the  unknown  substanee  from  the  store- 
room. Transfer  the  contents  to  a  clean,  dry  75-100  c.c.  beaker  and  dry 
in  an  oven  at  100-105°  C.  for  1  hour;  then  remove  from  the  oven,  break 
up  any  CAkcd  ma-sscs  which  may  have  formed,  transfer  the  finely  divided 
materiul  to  the  weighing  tube  snd  again  dry  for  I  honr  at  UK)-105°  C. 
In  thv  mi.>atitiiii<*.  if  yonr  di-Kiocntor  is  not  aliTsdy  in  good  condition, 
elotn  and  dry  same,  then  transfer  Iheivto  frt-xh  granular  CaCL  from 
the  storeroom;  also  apply  a  very  smalt  amount  of  vaseline  to  the  desic- 
eator  vover  to  mnkc  it  tight.  After  dryinp  in  an  oven  fur  1  hour,  vwji 
the  loosely  stoppered  tube  in  the  desiccator.  Next  weigh  the  tn!>e  and 
contents  carefully  on  an  analytical  balance,  then  transfer,  without  Iobb. 
about  C.-'t  gram  of  powder  to  a  elenn,  dry.  .^iK)  to  SOO  c.c.  Kj«ldahl  flask, 
stopper  the  tube  and  wei^  again  carefully.  Keep  all  these  records 
in  your  note-book  in  ink.  "With  n  fine  jet  of  pure  water  waish  down 
the  powder  adhering  to  the  neck  of  the  fiask  (nue  as  little  water  aa 
pomible).  Add  5  grams  potaK^ium  sulphate,  or  10  grams  cr>'»taJline 
Na^SO,  20  c.f.  pure  coneeutratcd  11,80,  fSp.  G.  l.M)  and  10  c.c  of 
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the  HgSO.-f  CuSO(  solotion  (cDntaining  1  gram  UgSO^  tad  1  gram 
CuSO,  per  10  cc). 

Heat  OQ  the  digosLiou  shelf  until  the  water  has  be«n  removed,  theo 
add  15  grams  more  of  potaasiimi  sulphate  or  30  of  Na,SO,.10H,O  imd 
contituip  tlic  (liecHtiori  for  2V2*3  hours.  To  have  l\w.  dii^rstiuu  complete, 
the  mixture  must,  however,  have  heen  boiling  for  at  least  2V'2  hours  and 
the  hot  solution  left  must  not  he  colored  yellow,  but  simply  greeo,  due  to 
the  CuSO,.  After  the  digeation  is  complete,  remove  from  Uie  digestion 
shelf  ami  just  as  the  eoiitcuts  of  the  tlask  begin  to  cryHlallize  gradually 
add,  wliile  agitating  250  c.c.  distilled  water;  stopper  loosely  and  set 
luiidc  uiiiti  it  is  to  bo  treated  as  tadicated  below. 

While  your  digestion  is  under  way,  clean  out  Uie  distilling  apparatus 
as  follows:  To  a  vle&n  800  c.c.  Kjeldalil  flask  transfer  300  c.e.  distilled 
wuler,  add  a  kuife  point  of  granular  Kinc,  eouneel  with  the  proper  dia- 
tilling  bulb  and  distill  ubout  150  c.c.  into  a  clean  receiver.  Throw  this 
Kway  and  then  proceed  with  the  dialillation  of  the  ammonia  as  foUon'S: 

Having  (^Icaiifil  and  prL'^ansl  tlir  dislillinf;  iippurutuH,  lariutnrL-  otf 
exacUy  2&  c.c  N/SH^SO*  into  a  250-300  c.e.  conical  (Erlemneyer)  flask 
by  means  of  «  burfftc.  PinLv  thf  Ilimk  so  Iliat  tho  glBKK  adapU'r  oiid  of 
the  dittttlling  apparatus  is  juBt  sealed  by  the  aeid.  Dry  the  K  JKldahl  flask 
CD  tlie  outside  and  carefully  wipe  the  first  inch  of  the  inside  of  the 
neck  of  the  flask  with  a  piece  of  filter  paper  (this  is  done  to  insure  a 
^ooJ  tight  joint  with  the  nibher  stopper  later  on).  Add  a  small  kniff 
point  of  grumilur  zintr  to  the  contents  of  the  fla.sk  and  steadily  (not  too 
slowly  nor  too  rapidly  to  mix  the  liquids)  pour  down  the  side  of  the 
n^ck  of  the  flask  (avoid  moistening  the  first  inch  of  the  ucck}  100  c.c. 
of  the  special  XaOII  +  K.S  solution  in  such  «  w«y  that  the  two  solutions 
form  (iiHthu'l  Inyers.  Now  rapidly  connect  the  flask  with  the  distilling 
ap]mr:Lhitt.  In  making  the  eoiiiieetiou  do  not  try  to  twist  1)k'  Mlopper 
into  the  flask,  but  hold  tlie  stopper  firmly  and  twist  the  flask  on  to  tlie 
stopper.  Now  start  the  burner  with  a  medium-sized  flame  and  at  onee 
rotate  tlie  6ask  to  insure  thorough  mixing  of  the  contents.  After  the 
first  5-10  minutes'  beating  tlie  liquid  can  be  boiled  rather  vigorously 
until  about  150  c.c.  have  distilled  over.  Then  lift  the  end  of  the  adapter 
out  of  tlie  distillate  by  lowering  the  receiving  conical  flask  and  continue 
the  distilling  for  about  5  minutes  longer.  Wash  off  the  lip  of  the 
adapter  with  a  Jet  of  dtKtilled  water,  the  washings  going  into  tlie  dis- 
tillate. Then  remove  the  conical  fliisk  and  turn  off  the  gas  last  of  all. 
Titrate  the  distillate  with  n/2NR0n,  using  congo  red  as  indicator. 
Make  a  correction  of  about  0.5  c.c.  N/2  solution  for  the  ammonia  in  a 
blank  teat.  Calculate  the  per  cent  of  nitrogen  in  the  dry  subsdince.  This 
has  been  determined  to  lie  ahont  the  correction  necessary  for  an  ordinary 
distillation  carried  out  in  this  way.    In  accurate  work  it  is  necessary 
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to  make  a  blank  distillatioD  with  the  rcBgenU  tised  (H^SO.,  etc.)  to  deter- 
nune  the  amount  of  ammonis  in  them.  X  c.c.  N/2HjS0,  ~  1  u.o.  N/2 
NH,OH.    1  exi.  N/2  NH,OH  contains  .007  gram  N. 

The  preparation  and  properties  of  various  kinds  of  proteins. 

/.     Simi>iv,  coagulablc  proiciits:  albumins  and  (globulins. 

Albumins  and  globuiins.  I'reparati&n.  Uefhods.  For  this  work  wb 
shall  use  blood  scrum  which  contains  botli  these  proteins.  To  obt&in 
blood  serum  the  ox  Uood  m  «oUocted  in  pans.  It  clota  and  then  tbo 
clot  shrinks,  squeeslug  out  a  clear,  yellowtsb-colored  liquid  called  the 
serum.  This  Hot-uiu  lias  in  it  two  proteins,  or  groupii  of  proteios,  ealldd 
serum  globulin  und  scrum  albumin. 

Obtain  from  the  storeroom  100  c.c.  of  the  serum.  Teat  ita  reaction 
to  litmus  paper  and  to  phcnolphthalcin.  It  is  usually  alkaline  lo  litmus 
and  acid  to  phcnotplithalciti.  Test  its  specific  gravity  by  meaua  of  a 
Specific  gravity  bulb.  For  this,  place  the  scrum  in  a  measuring  cylinder 
and  immerse  a  cleau  urinometor  in  the  aerum.  Read  the  speciflc  gravity 
frum  Die  trnvk  of  the  uriuiimt^ier.  Kectord  Uie  results  in  your  notebook 
for  future  reference. 

*  55.  Precipitation  of  the  globulins  by  dialysis.— The  serum  ooo- 
lains  saltfi  (test  a  little  for  ciiloridcs  and  phosphates)  and  theae  aalta 
hold  the  globulin  in  solution.  A  portion  of  tlie  globulin  is  precipitated 
if  these  salts  are  removed.  Place  100  c.c.  of  the  serum  iu  a  parchment 
dialyzing  tube,  cvamining  the  tube  first  to  see  that  it  docs  uot  leak, 
and  dialyze  the  serum  for  24  hours  against  rurming  tap  water.  At  the 
end  of  that  time  remove  the  tube,  notice  if  there  is  iu  it  a  deposit  of 
protein  and  pour  the  contents  into  a  clean  beaker.  A  jwrtioa  of  tha 
protein  should  now  be  in  suspension  in  the  liquid.  This  portion  is  called 
euffiobutin.  Remove  tliia  by  filtration,  through  a  small  folded  filter. 
Save  both  the  filtrate  and  the  precipitate.  After  filtration  take  some 
of  the  precipitate,  fiuapciid  it  in  distilled  water.  It  will  not  dissolve. 
Now  add  to  the  siiMpeaaiou  a  crystal  of  sodium  chloride.  Both  sail  and 
euglobulin  dissolve.  This  illustrates  the  fnot  that  globulins  ore  insoiuUle 
in  distilled  water,  but  soluble  in  neutral  salts.  Test  the  solution  by  the 
biuret  le-tl  1o  make  sure  that  the  precipitate  was  protein  in  nsture,  and 
boil  80UIC  after  addiug  1  drop  of  acetic  acid  to  see  that  it  is  coagulated. 

•  56.  The  precipitation  of  globulins  by  salts. — Globulins  are  not 
only  insoluble  in  water;  they  are  more  or  less  completely  precipitated  by 
half  saturating  their  Miluliou  with  ammonium  sulphate,  and  some  are 
precipitated  by  saturation  with  sodiiun  chlorido.  Fibrinogen  is  one  of 
these,  but  serum  globulin  is  not  thus  precipitated  by  XnCI.  The  filtrate 
from  (a),  that  is  the  dialyzed  serum,  still  contaius  some  globulin,  indeed 
the  greater  part,  because  there  are  substances  in  the  serum  (phoapho- 
lipins)  which  hold  the  globulin  in  solution  in  the  absence  of  salL    The 
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fact  tbat  this  globuJiu  is  there  can  be  Bhown  by  salting  it  out  To  show 
(his,  dilate  the  filtrate  with  an  equal  amount  of  distilled  vater,  and 
then  add  to  the  diluted  serum  an  equal  Yolume  of  saturated  ammonium 
sulphate  solution  (No.  7).  A  precipitate  of  globulin  appears  uud  it. 
u  complete  after  standing  for  some  hours.  The  soluLiun  may,  if  ueoei- 
sory,  be  left  covered  with  a  watch  gloss  until  the  next  morning,  but 
not  longer,  since  concentration  of  the  sulphate  by  evaporation  will 
precipitate  some  ol  the  albumin.  FUtcr  off  the  precipitate  of  serom 
gUibulin,  and  wash  the  precipilste  twice  with  half -saturated  (NU«),SO«, 
saving  both  precipitate  aud  lUtrate.  The  fillralu  eoulains  serum  albumin 
and  is  used  in  58.    Test  the  precipitate  as  follows: 

57.  Diasolve  the  precipitate  on  the  fiiter  with  some  distilled  water. 
There  is  generally  euough  salt  in  the  precipitate  to  bring  it  into  solu- 
tion. MaJie  a  biuret  test  in  a  little  of  the  solution.  Boil  about  3  o.c. 
of  the  remainder.  It  should  coagulate.  Keep  the  remainder  of  the  solu- 
tion for  comparison  with  the  albumin  solution. 

*  58.  Preparation  of  serum  albumin. — The  filtrate  from  the  half* 
saturated,  diluted  blood  serum  in  56  contains  still  some  protein,  serum 
albumin.  To  separate  this,  saturate  the  solutioD  by  the  addition  of 
powdered  ammonium  sulphate.  Saturating  with  ammonium  sulphate 
m  a  faintly  acid  solution  i-emoves  all  proteins  from  solution,  except  the 
peptouus.  To  the  saturated  solution  add  enough  10  per  cent,  acetic 
acid  to  have  the  resulting  solution  contain  1  per  cent,  acetic  acid.  In 
saturating  a  solution  with  a  solid  subsiAncc  this  substance  most  be 
added  in  a  iinoly  powdered  form  in  small  quantities  at  a  time  with  very 
(requeut  (best  eontinual)  stirring  or  shaking  until  considerable  of  the 
solid  remains  undissolved.  Each  100  c.c.  of  half-saturated  (NH4),S0, 
solution  will  dissolve  about  35  grams  (NH,}i80,.  Allow  to  stand  for 
2  to  24  hours,  then  filter  through  a  cieased  filter  and  allow  to  drain 
a»  well  as  possible.  Troust'cr  the  precipitate  to  50  to  lUO  c.c.  distilled 
water,  neutralise  toward  litmus  by  tlie  addition  of  the  10  per  ceut. 
NajCOj  solution  and  then  dialyze  until  free  from  sulphates.  Observe 
ttie  same  precautious  in  making  tlic  test  here  as  above  iu  the  prepara- 
tion of  Burum  globulin.  Bemove  the  solution  from  the  tube  to  a  clean 
beaker.  Test  3  e.c.  of  the  solution  by  tho  biuret  test  and  another  3  e.o. 
heat  to  boiling.  If  it  does  not  coagulate,  take  anotlier  3  u.c.,  add  to  it 
a  little  ammonium-sulphate  solution,  or  u  crystal  of  the  solid,  and 
repeat. 

59.  Having  made  the  above  tests,  secure  solid  somm  globulin  and 
albumin  in  a  coagulated  form  by  precipitating  the  solutions  with  alco- 
hol. To  do  this  pour  each  solution  into  an  equal  volume  of  95  per  cent, 
ethyl  alcohol.  If  the  solutions  are  very  poor  in  salts,  the  alcohol  does 
not  readily  precipitate  the  proteins,  but  a  milky  solution  may  result.    U 
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thia  happctm,  odd  to  the  alcohol  1  c.c.  of  10  per  cent,  acetic  acid  to  100 
C.C,  of  alcohol  used.  Allow  to  settle,  filter  the  white  precipitate  ttirougb 
a  creased  filter,  or  through  a  small  suction  filter,  dr&ia  well  and  either 
dry  with  suction,  using  alcohol  and  ether,  or  spread  the  moist  precipi- 
tate in  a  thin  layer  on  e  watch  glass  and  dry  in  a  desiccator.  Test  Che- 
solubility  of  the  dry  iwwdere  in  water  and  (^lute  salt.  They  will  not 
dissolve.  Tlioy  havi-  bivu  i-oagulatfd,  t-hniiged  to  mdaproieius  by  tht- 
aelioii  of  ihi?  akohol.  Tvm  tiiv  two  prepuraiions  for  cartoliyilrale. 
tryptopbaue,  oxypheuyt  and  uiioxidized  milphur  groups.  Which  sub- 
Ktaiici:  givi-s  tht-  liftli-r  tryptoplnuu-  uiui  Millou  ri'atitlonsT 

*  6o.  Heat  coagulation  of  the  proteins. — For  the  study  of  the  con- 
ditions governing  heat  coagulation,  either  e^  white  diluted  with  a 
double  volume  o£  distilled  water  or  blood  serum  similarly  diluted  may 
bv  u»t.-d.  To  »how  that  not  all  proKMni>  are  coagulated  by  heal,  u  '2  per 
cent,  albuniosc  or  gelaliii  or  casein  solution  should  be  heated  undiT 
siniilfir  conditions.  Many  of  the  proteins  arc  denatured  by  beat.  That 
is,  they  are  rendered  insoluble  uictaproteins.  There  afc  two  diatinet 
I'haugeK  involved  in  tliis  proeesa:  a  chenucal  and  a  physieal.  The 
L'heuiical  change  will  occur  in  tie  absence  of  salt  or  electrolytes,  bal 
the  physiL'ul  change,  the  ogglomeratiou  iuto  a  cougulum,  wUI  only  hap- 
(ten  if  L-leetrolytes  are  present.  The  ehumical  tdiaugc  oecuns  best  if  the 
e(ri.tttioD  i&  very  faintly  acid,  or  neutral.  The  nature  of  tlio  chemical 
change  involved  is  unknown,  if  the  solution  of  a  protein  is  dialyxe<J 
or  diluted  with  distilled  water  so  that  it  contains  no  electrolj'tc,  or  very 
liltl<>,  tlifti  if  it  IK  licatifd  (III'  ttoliitioii  (renorally  lM>coim>8  ttlipbtly  opulM- 
eenl,  but  tliere  is  no  precipitation,  if,  however,  salt  'm  added  to  th^ 
previously  heated  but  cooled  sohitioii,  the  protein  now  pretripitntcx. 
although  it  would  not  priH-ipitalc  bt-ron-  heating.  The  coa^ilulton  and 
precipitation  are  most  complete  if  both  salt  and  very  little  acid  are  pres- 
ent. If  the  reaction  is  very  alkaline,  no  precipitation  occurs,  even 
though  the  salt  be  present,  but  the  protein  is  converted  by  heating  into 
a  soluble  mptaprolciii.  If  i1  in  iiiort-  Iliaii  very  faintly  acid,  uImo.  th" 
same  result  will  be  obtained.  Both  of  tliese  metaproteios,  acid  and 
alkali,  will  be  preeipitate<l  if  the  solution  is  made  exactly  neutral.  The 
dependence  of  the  coagulation  on  salts,  acids  and  alkalies  Ik  idiown  In 
the  following  experiments: 

•  1.     Heat  to  boiling  5  c.c.  of  the  nndilntcd  crk  albumin  and  blood 
sf^rum,  after  assuring  youraclf  that  they  arc  faintly  alkaliuc  to  litnf; 
They  will  be  found  to  coagulate,  although  faintly  alkaline. 

*2.  Repeat,  using  the  diluted  serum  and  egg  albumin.  It  will 
found  that  the  solution  coagulates  very  impe-rfectly.  Now  add  to  the 
opalettreut  lubes  some  powdered.  KoHd.  wdium  chloride,  about  t])e 
nmount  on  a  knife  point.     On  standing  the  proteins  are  pre<-.ipitatci1. 
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This  abowB  that  heating  has  changed  the  proteins  and  made  them  mors 
cosily  precipitated  by  Ball,  although  it  has  uol  coagulated  them. 

*  3.  Now  take  fuur  tabes  containing  each  5  c.c.  of  the  diluted  serum, 
or  egg  while,  add  to  (1)  a  couple  of  crystals,  about  a  centigram,  of 
solid  sodium  chloride;  to  (2)  add  two  drops  of  10  per  cent,  acetic  acid; 
to  (3}  add  two  di-ops  of  10  per  cent.  NaOH;  to  (4)  add  a  eg.  of  NaCl 
and  two  drops  of  lU  per  cent,  acetic  acid;  immerse  all  lour  iu  boiling 
water  and  note  which  coagulate  best,  aud  how  the  coagulation  coiaparea 
witb  that  in  (bj.  Number  4  wiU  generally  coagulate  most  firmly  and 
completely. 

After  lieating  and  cooling  neutralize  (3)  exactly  with  acetic  add. 
A  precipitate  of  metaprotein,  alkali  albumin,  is  now  obtained  at  the 
neutral  point. 

4.  Is  water  involved  in  heat  coagulation  t  Place  a  small  amount  of 
linety  divided  dry  egg  albumin  into  each  of  two  dry  test-tubes.  To  the 
oue  add  5  e.c.  of  a  1  per  ceut.  NaC'l  solution.  Inuucmc  both  tubes  iu  a 
bath  of  boiling  water  and  heat  thus  for  10  minutes,  agitating  frotiucntly. 
Allow  to  cool  and  then  add  o  c.c.  of  a  1  per  cent.  NaCl  to  the  tube  con- 
taining the  dry  egg  albumin  and  allow  action  to  lake  place  for  10  min- 
utes at  room  temperature,  with  frequent  agitation.  Next  daeant  the 
clear  liquid  from  each  tube  or  filter  if  necessary  and  perform  the  biuret 
test  in  exactly  the  some  way  on  equal  volumes  of  eacli  solution.  To 
another  portion  of  each  solution  add  1  drop  10  per  cent,  acetic  acid 
and  heat  to  boiling.  Do  not  conclude  that  prolonged  heating  of  the  dry 
protein  will  give  the  same  results,  as  the  solubilities  of  hcat-cosgalabla 
proteins  arc  distinctly  altered  by  heating  the  dry  proteins  at  100*  C. 
for  periods  of  one  hour  or  longor.  Similar  changes  are  brought  about 
more  slowly  at  room  temperature. 

6i.  Precipitation  by  salts  of  heavy  metals. — As  most  of  the  heavy 
metal  ions  arc  precipitated  by  alkaline  solutions  without  the  presence 
of  other  substances,  it  is  necessary'  to  make  careful  control  tests  when 
adding  such  solutions  to  alkaline  protein  solutton«  and  to  compare  the 
amount  and  character  of  the  precipitates  obtained.  Furthermore,  as 
acids  alone  precipitate  some  of  the  proteins,  a  second  set  of  control 
tests  is  necessary  in  such  casea. 

Make  the  following  comparative  testa: 


A 

B 

0 

1       ° 

S 

Dbtlllcct    water    

G  drop* 

I  itvp 

0 

4  ex. 

0 

1  dn>p 

1  0,e. 

PJHI  whit* 

4  «.& 

5  drop! 
1  ilrop 
1  o.e. 

4  eje. 

5  drop* 
1  drop 

1   CjC. 

pcplcmr 

4  G^. 

5  drop* 
1  drop 
1  B.e. 

rhnialphthiLldii  notiiUon   

gcUtin 
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Hak«  eaoh  tabe  now  veiy  faintly  allcaline  by  adding  1  per  cent,  NaOH 
K^utioQ  and  observe  and  record  wliut  Impitunsj  tlieu  odd  a  littie  more 
alkali  to  make  it  distinctly  alkaline  and  record  what  bappcns;  then  makti 
each  tube  very  faintly  acid  by  adding  10  per  cent.  IICI,  observe  and 
then  make  dintiuutly  acid  with  UCI.  Does  the  FeCI,  precipitate  in  acid 
or  alkaline  solution  besti  Add  the  solutions  gradually  and  Bliake  well 
alter  eacJi  addition.  Observe  the  amoonl  and  cUaracter  oC  pr«eipitaie 
obtained  in  each.  case. 

Kepeat  the  same  tests  as  above,  using  5  drops  2  per  cent  lead  acetate^ 
10  drops  1  per  cent  mercuric  chloride  and  5  drops  CuSO,  (Fehling's 
No.  1 )  as  precipitauts,  and  as  acids  use  10  per  cent,  acetic,  10  per  cent. 
liCi  and  10  per  cenL  UaS04  respectively.  Discuss  and  explain  your 
reaulta. 

63.  Precipitation  by  various  anions  (alkaloidal  reagents). — Here 
only  one  control  test  is  necessary  (A,  below).    Proceed  as  follows: 


A. 

B 

C 

0 

Water   

2cA 

0 

1  drop 

1  ca  tgg  w)iit« 

Ic.c 

le.c. 

1  iJPOp 

1  CO.  pggvrlilte 

l«.c 

i  CO. 

1  (lr«p 

1  cDi  peptons 

ICA 

IJfrK  FeCN    .... 

PbcnolpbUialein    . 
Protda  •olutioo  . 

1  ce. 
I  drop 
lo.c.  gelatin 

Aid  in  «iiiafsaittii  tu  tach  tube  as  in  61:  - 

10%  NttOn  •oluUon  to  tatdvt  ilistlDClIy  aHmllue. 

1<>9E.  H  SO  very  lainUy  acM. 

109E>        "  "         "        "       dialJiKtly  ucid. 

Bepeat  the  above  in  the  same  way,  using  instead  of  the  1  per  cent* 
KtKeCN,  solution  the  following  reagents:  2  per  cent  phospfaotungstio 
oeid,  2  per  cent,  pbosphomolybdic  acid,  saturated,  pierie  acid  and  iodine 
in  potassium  iodido. 

//.  Preparation  of  crystalline  globulina,  edtstin  and  exeelsiH,  and 
various  types  of  proteins. 

63.  Preparation  of  edestin. — Grind  25  grams  hemp  seed  to  a  fairly 
Gne  powder,  trausfer  to  a  i^i'tO-500  c.c.  Bosk  and  add  200  ex.  of  a  5 
per  cent.  NaCI  solution,  previously  heated  to  60"  0.  Do  not  heat  above 
65*  or  the  edestin  will  be  coagulated.  Keep  immersed  in  a  bath  at 
60-65'  C.  for  \^  to  1  hour  with  very  frequent  stirring.  Prepare  a 
ereascd  filter,  and  just  before  beginning  the  filtration  moisten  the 
paper  wilJi  5  per  cent.  NaCl  solution  healed  to  70*  C.  Filter  tJie  extrae- 
tion  until  about  100-150  e.e.  have  been  collected.  Warm  the  6Itrate  to 
60-65*  C.  and  a  milky  solution  should  remain.  Now  cool  rapidly  by 
immersing  and  agitating  in  cold  tap  water  or  in  ice  water,  Allow  tfa« 
eiyatals  to  settle  out  and  decant  the  supernatant  liquid.    Fitter  off  the 
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■white  or  grayish  solid,  rcdiasolve  in  the  smallest  volume  of  5  per  cent. 
NaCl  solution  kept  at  60-65'  C.  and  allow  to  coo!  very  gradually  by 
'_  keeping  the  contairier  immersed  in  a  large  bath  kept  at  60-65'  C.  and 
then  allow  bath  and  all  to  cool  graduatty.  The  next  day,  or  when  cooled 
to  room  temperature,  examine  the  crystals  with  a  mieroscope,  filter  off 
the  main  bulk  of  the  crystals  and  wash  witJi  95  per  eent.  alcohol.  Spread 
out  on  a  watch  glass  and  dry  in  a  desiccator.  Test  portions  of  tlie 
filtrate  hy  boiling,  by  adding  au  equal  volume  of  saturated  (NH(),SO, 
solution  and  by  adding  a  few  drops  1.0  per  cent,  acetic  acid.  Test  a 
part  of  your  preparation  for  "  reduced  "  sulphur,  for  hisiidine  and  tor 
Iryptoplianc. 

64.  Preparation  of  excelsin. — Kxcdnn,  a  globulin  from  Brazil 
nuts,  is  very  easily  obtained  crystallice  (see  (Hhornc,  The  Plant  I'rcleins, 
1909).  The  ground-up  nuts  arc  freed  from  fat  by  oxtraction  with  goso- 
Unc,  or  petroleum  ether,  or  benzene.  The  dried  powderwl  residues  are 
then  extracted  with  10  per  c«nt.  NaCl.    The  excelain  is  dissolved.    Filter. 


11*111.  fl8.~-CtT«tnU  at  •iMlaln. 

Dialyze  the  filtrate  against  water.  The  excelsin  will  often  crystallize 
out  in  the  dialyzer.  Crystals  are  small,  hexagonal  plates.  RedisHolve  the 
precipitate  from  ttic  dialysis  tuhe  in  dilute  ammonium  snilphate  and 
precipitate  with  an  equal  volume  of  saturated  ammonium  sulphate. 
Filter,  rcdifisolvo  in  dilute  ammouiiim  sulphalu  and  dia1y7.c.  The 
excelsin  cr^-stallizes  out  in  the  dialyzer.    figure  68. 

65.    Preparation  and  properties  of  a  prolamine.    Gliadin. 

Preparation  of  gliadin.  To  100  grams  wheat  flour  gradually  add 
enough  water  to  make  a  thit-k  dough.  Then  knea<l  in  the  liand  in  a 
stream  of  vo\d  water  until  all  the  starc^h  is  waHlieil  out.  Now  cut  the  pro- 
tein into  small  pieees  with  a  knife  or  scissors  and  extract  twice  (Va  hour 
each  time)  with  200  c.c.  portions  of  boiling  70  per  cent,  alcohol,  by  boil- 
ing in  a  Sask  on  the  steam  hath.  Filter  hot  each  time  and  evaporate 
tlte  alcoholic  filtrates  to  about  V^  of  the  original  volume,  then  allow  (0 
cool  and  add  while  stirring  10  c.c.  10  per  cent.  NaCI  solution.  Allow 
to  settle  out.  filter  off  and  dehydrate  with  cold  95  per  cent  alcohol  in 
the  usual  way. 
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Carry  oat  the  xanthoproteic,  biuret,  Millon  and  glyozylic-aeid  t 
on  your  preparation. 

*  66.  Preparation  and  properties  of  a  phosphoprotein,  casein^— 
Tn  the  crude  casein  precipitated  in  experiment  IJl  (b)  above  add  30  e.e. 
water,  stir  well  and  gradually  add  of  a  5  per  cent.  NaOH  solution  until 
dissolved.  Avoid  an  excess  here.  What  is  tn  solution  now  t  Mow  add 
enuugh  water  io  make  the  total  volume  about  4U0  c.c.  Precipitate  a^aio 
by  adding  10  per  cent,  acetic  acid,  allow  to  settle  out,  decant,  redis- 
solve  the  casein  in  the  same  way  and  rcprecipitatc  twice  in  tha  same 
way.  Wash  twice  by  dccantation  with  water,  transfer  to  a  7  cm. 
Buchnep  funnel  and  suck  dry  by  filter  pump.  Now  transfer  the  casein 
to  a  mortar  and  macerate  with  95  per  cent,  alct^ol,  filter  through  a  7 
cm,  Buchuer  funnel  and  ruptat  this  ak-ohol  trea'tment  twice,  removing 
the  casein  from  the  funnel  each  time  and  macerating  thoroughly  so  a^ 
to  remove  tlic  water  as  thoroughly  as  possible,  finally  treat  twice  in 
Oic  same  way  with  ctlior.  Itcmovc  the  casein  from  Iho  paper  and  spread 
out  in  a  thin  layer  in  a  3-inch  watch  glass.  When  perfectly  dry  am^ 
free  from  elher,  bottle  as  directed  above  under  lactose.  H 

Organk  pho$phatc  test.  Take  a  small  amount  of  your  casein  in  ■ 
leal-lube,  add  ten  drops  concentrated  HjSO,  and  heat  until  charred,  Iheu 
add  one  drop  of  concentrated  HNO,  and  again  heat  until  charred.  Bt 
very  careful  io  hold  the  mouth  of  the  test-tube  away  from  you;  in 
applying  this  test  to  fatty  substances  or  to  substances  containing  glycerol, 
alcohol  or  ether  one  must  be  very  cautiow,  as  a  vioieni  reacti&n  is  lA^y 
to  taiie  place  at  the  beginning  of  the  digestion.  Kepeat  the  addition  of 
one  drop  nitric  acid  and  the  heating  until  the  material  no  longer  chars 
on  heating  sufficiently  to  give  off  white  sulphuric-acid  fumes.  Allow  te 
cool,  then  carefully  add  about  5  c.c.  distilled  water  and  strong  NH,OH 
(No.  5)  until  faintly  alkaline.  Now  again  add  just  enough  concen- 
trated HNO,  (one  drop  at  a  time)  to  render  acid.  To  this  solution 
warmed  to  about  70'  C.  add  a  few  c.e.  ammonium  molybdate  solutloo 
(No.  6).  Agitate  with  a  stirring  rod.  If  phosphorus  is  present  in  the 
origiual  substance,  it  will  be  precipitated  here  as  the  yellow  anunonium 
pliosphomolybdatc. 

*  67.  Preparation  and  properties  of  the  nucleoproteins.  Nucleic 
acid. — Nucleic  acid  is,  as  its  name  implies,  the  acid  of  the  nuclena.  It 
vouatituU^s  the  part  of  the  cliromatin  of  the  nuclei  which  has  an  affinity 
for  basic  stains.  It  is,  hence,  in  that  part  of  the  nucleus  which  appears 
as  chromosomes  in  cell  division,  and  It  is  this  substance  which  the 
hislolo^st  by  hi.s  1>aKic  dyes  follows  in  bis  study  of  inheritance  and 
mitosis.  Nncleic  acid  has  been  described  on  page  163.  It  yields,  it  will 
be  remembered,  phoepboric  acid,  purine  and  pyriuitdine  basca  and  a 
carbohydrate  group.    Its  structural  formula  is  that  indicated  on  pace 
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1.  The  nucleic  acid  of  yeast  has  a  pentose  in  it,  d-ribose.  Tbat  of  the 
tliymiis  gland  bos  a  hcxosc  sugar.    Both  are  polynucleotid«s. 

I'rcparaticjt  of  nitcleic  add  from  compressed  yeast.  To.  150  grams 
finely  divided  compressed  ycost  in  a  liter  beaker  add  450  c.c.  of  a  1.5 
per  cent.  NaOH  solution.  Stir  well  while  beating  on  a  boiling  water 
bath  and  digest  thus  for  30  minutes.  St-ir  frequently.  While  still 
hot  filter  tlirough  a  ereaNed  filter  in  a  6-lneh  funnel.  To  the  cooled 
filtrate  obtained  after  1  hour's  filtration  add  glacial  acetic  acid,  drop 
by  drop,  until  faintly  acid  to  litmus.  Stir  well  and  again  at  once  81ter 
through  a  creased  filter.  Now  make  this  filtrate  slightly  alkaline  by  the 
addition  of  a  10  per  cent.  N'aOH  solution.  Concentrate  on  the  water  bath 
in  a  porcelain  dish  to  about  one-half  of  the  original  volome.  Cool  this 
solution  and  again  add-glacial  acetic  acid  until  just  aeid  to  litiniis.  Filter 
rapidly  again  if  necewary  and  then  pour  the  solution,  while  stirring, 
into  two  volumes  cold  95  per  cent,  alcohol  containing  1  c.c.  concentrated 
HCl  per  100  c.c.  alcohol.  Transfer  the  milky  solution  at  once  to  1-inch 
test-tubes  and  allow  to  settle  out  therein.  Decant  the  supernatant  alco- 
holic layer  from  t)ie  separated  nucleic  acid  as  soon  as  possible  and  trans- 
fer all  of  this  solid  inalerial  to  one  of  the  tubes,  using  in  all  50  c.c. 
95  per  cent  alcohol  in  so  doing.  Mix  this  well  and  again  allow  to 
settle  out;  decant  the  supernatant  alcohol.  Again  add  50  c.e.  95  per 
cent,  alcohol  to  the  precipitate,  mix  well  and  allow  to  settle  out.  Repeat 
this  treatment  with  95  per  cent,  alcohol  twice.  Finally  gradually  add 
50  B.C.  ether  to  the  precipitate  in  the  tube,  mix  well,  allow  to  settle  out 
and  decant  as  before.  Again  add  25  c.c.  ether,  mix  well  and  transfer 
rapidly  on  to  a  suction  filttr  of  hardened  filler  paper  moistened  with 
alcohol.  Wash  twii!C  on  the  filt*:r  with  25  c.c.  portions  of  ether.  Suck 
dry  by  suction.  When  dry  remove  from  the  paper  and  expose  on  a 
watch  glass  until  all  ether  is  removed.  Note  the  solubility  of  your 
product  in  water,  dilute  aeids  and  bases.  Note  that  it  does  not  coagulate 
on  heating.  Carry  out  the  biuret  test  on  your  preparation.  Heat  a 
small  amount  of  your  product  with  10  per  cent.  H^SO^  for  a  minute  or 
two,  the-n  cool  and  apply  the  fi'-uaphthol  test.  Test  a  small  amount 
also  for  organic  phosphoras,  as  given  under  casein,  experiment  66. 
Ohserve  the  precantiotis  in  tke  difjfsiion  tpitk  nitric  acid. 

*  68.  Determination  of  phosphorus  quantitatively  in  nucleo- 
proteins. — All  cells  contain  nuoleoprofcins  and  also  phosphoproteins, 
80  that,  if  the  residue  after  exhausting  the  tissue  with  alcohol  and  ether 
ii*  examined,  it  will  ha  found  to  eontain  organically  hound  phosphoric 
aeid.  Determine  what  per  cent,  of  phosphonas  there  is  in  the  brain 
reaidue  after  complete  extrai;tion  by  alcohol  and  ether.  Obtain  the 
sample  of  the  tiiwue  from  the  storcrnom.  This  is  thi-  residue  from  com- 
pletdy  extracted  sheep 'a  brains  or  other  tisBuea  and  the  phosphorus  coq 
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tents  have  been  (Icltirmiiiod  by  the  instructor.  The  Pemberioo-Neumann 
method  is  Gufficieutly  accurate  if  all  coaditioDs  are  carefully  observed. 
It  is  more  rapid  than  the  magneEiium-phospliate  method,  but  txot  so 
reliable.  In  p^acti^^e  it  must  be  frequently  controlled  by  gravimetric 
determinations.  The  point  of  difficulty  eeems  to  be  in  getting  the 
molybdate-pliosphonc-acid  precipitate  to  hare  alirayB  the  same 
composition. 

Weigrh  off  into  a  300  cc.  Kjeldalil  flask  0.4  to  0.5  gram  of  (he  sub- 
stance  previously  dried  as  directed  in  Uie  Kjcldahl  method.  To  this 
then  add  5  cc.  coucentratcd  U^O*  and  heat  under  a  hood  over  a  free 
flame  until  well  charred.  From  a  separatory  funnel,  furuishcd  for  Ihi 
purpose,  now  gradually  add,  drop  by  drop,  concentrated  UNO,  until 
llio  char  has  disappeai*ed ;  heat  again  oarotully  unlU  the  nitrie  oxide 
fumea  are  boiled  off.  CAUTION!  IN  HEATING  Al-TEE  ADDING 
THE  NITRIC  ACID,  OR  WHILE  ADDING  THE  ACID,  DO  NOT 
HOLD  THE  MOUTH  OP  THE  FLASK  TOWAIiD  YOUR  FACE! 
The  mass  wJli  char  again.  Bepcat  in  the  same  way  the  gradual  edi- 
tion of  the  nitric  acid  and  the  heating  until,  after  the  last  addition  and 
heating,  whit«  fumes  of  sulphuric  acid  appear  without  charring  of  the 
liquid  contents  of  the  flask.  Ilcat  on  the  digestion  shelf  for  about  10 
minutes  longer.  Then  allow  to  cool.  Explain  the  a1»ove  process.  What 
nthf^r  method  la  used  for  decomposing  the  organic  matter  and  retaining 
ihe  phosphorus  as  phosphatet 

Next  transfer,  without  Ions,  the  conteJit.s  oF  the  fla.sk  to  a  250  ex. 
beaker  and  also  rin.se  the  flask  S  limes  with  15  c.e.  portions  distilled 
water,  addinj:  each  washing  to  the  beaker.  Gradually  add,  while  stir- 
ring, NH,OH  until  the  aolution  is  very  slightly  alkaline  to  litmus,  then 
add  sufficient  HNO,  to  make  the  solution  sUghlltf  acid.  To  tfaia  solution 
now  add  15  grams  NH.NO,  and  heat  to  65*  C. 

To  30  o.c.  ammonium  molybdate  solution  {see  below)  add  1.5  c.a 
concentrated  HNO,  and  flltcr^  then  add  this  to  the  above  solution  while 
stirring  and  keep  in  the  bath  at  65°  for  15  minutes. 

Filter  this  through  a  prepared  asbestos  filter  (p.  996)  and  wash 
beaker  and  precipitate  three  limes  with  10  per  cent.  HNO,.  Follow 
this  by  f)  wasliings  with  2  per  cent.  NH,NO„  solution.  All  of  this 
manipulation  must  be  done  neatly  and  without  toss.  See  that  your 
filtrates  are  dear;  the  last  portion  filtered  must  not  bo  acid  to  litmus. 

Trruisfer  the  precipitate  and  asbestos  by  means  of  a  glass  rod  from 
yonr  fnnnel  to  a  beaker  in  which  the  precipitation  was  conducted.  Add 
exactly  20  e.c  N/2  NaOH  to  the  mass  in  the  beaker,  stir  wilb  a  glass 
rod  and  remove  the  adhering  pn^ipilatc  from  ihe  funnel  by  means  of 
a  drop  of  the  mixture  in  the  beaker.  Finally  rinse  the  funnel  with  ■ 
jet  of  distilled  water,  allowing  the  waahinga  to  flow  into  the  lieakcr.    Stir 
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until  all  is  dissolved  and  add  enough  water  tx>  make  about  100  co. 
volume.  Add  phenolphthalein  solution  (1  c.c.)  and  titrate  with  N/2 
HiSO,.  Calculate  the  per  cenl.  of  pliosphonis  in  the  dry  "BuhHtanwi. 
The  precipitate  obtained  above,  if  the  inatnictiou  aa  to  time,  tcmixirature 
and  other  eonditions  of  precipitation  are  followed,  is  of  the  formula 
(NH,),PO,,]2MoO,.  Each  eubic  centimeter  of  the  N/2NaOH  is  equiva- 
lent to  0.674  milligram  phospIioruB.    Explain  the  titration  above. 

a.  The  ammonJam  uiolybdate  solution  used  in  the  above  method  is 
made  as  follows:  Diajtolve  100  gnmn  of  molybdit!  aeid  in  144  e.e.  of 
ammonium  hydrate,  mp.  g.  0.90,  and  271  ex.  water;  slowly  and  with  con- 
atont  stirrine,  ponr  the  solotion  thus  obtained  into  the  mixture  of  489 
c.c.  of  nitrie  arid  fsp.  rt,  1.42)  and  1.149  c.c.  of  water  contained  in  a 
large  porcelain  dish.  Keep  the  mirrture  in  a  warm  place  for  several 
days,  or  until  a  portion  heated  to  40*  deposits  no  yellow  sediment,  and 
preserve  in  Rlaiwstopperpd  bnttle-n.  Before  using  a  portion  of  this  solu- 
tion for  the  precipitation  of  P0„  add  .5  e.e.  eon.  nitric  acid  (sp.  gr.  1.42) 
to  each  100  c.c.,  mix  well  and  filter. 

The  solution  may  also  be  made  by  mixing  489  c.c.  HNO,  (sp.  gr. 
1.42)  and  1.149  c.c.  H,0  in  a  large  porcelain  dish  (18-inch)  and  then 
pouring  into  this  while  stirring  a  solution  made  aa  follows:  powder  121 
prfluiK  ammonium  molybdate.  dissolve  in  355  c.c.  water,  atirring  fre- 
quently to  hasten  solution  and  then  add  fiO  c.c.  strong  ammonium  hydrato 
(ap.  gr.  0.90).  This  solution  is  then  poured  into  the  nitric  acid  as 
indicated  above. 

•  69.  Preparation  and  properties  of  the  secondary- derived  pro- 
teins.— In  this  group  are  the  products  of  hydrolytic  cleavage  known 
as  albumoses,  or  protensmj  and  peptones.  These  mibafances.  tt  will  bo 
recalled,  are  soluble  in  water,  not  coagulated  by  heat,  and  all  but  tho 
peptones  are  separated  by  saturating  their  aolutions  with  amraoninm 
sulphate.  They  may  be  prepared  either  by  the  hydrolytic  action  of 
sulphuric  or  other  acids,  or  by  digestinfr  proteins  with  pepsin-hydro- 
chloric acid,  For  the  expprimenta  which  follow  obtain  ths  materials 
from  the  storeroom.  Wittp's  peptone  is  a  eommereiftl  product  which 
consists  ehioSy  of  proto-  and  deofflro-protpose.  There  is  relatively  little 
peptone  in  it.  Armour's  peptone  consists  chiefly  of  peptone,  with  little 
of  the  albumose. 

•  A.  Albumoses.  Obtain  5  grams  of  Witte's  peptone  and  dissolve 
it  in  100  C.C.  distilled  water  by  heating,  slightly  acidify  with  acetic  acid 
and  Alter. 

1,  Take  about  1  c.c,  for  each  tesi  and  add  about  twice  the  volume 
of  water  and  test  the  solutions  for  tryptophane,  tyrosine,  nnoxidired 
sulphur  nnd  by  tho  biuret  and  xanthoproteic,  and  Moliach  test.  Record 
youp  observations. 
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2.  To  separate  tlie  varioos  olbumoses  mix  the  filtrate  in  a  beaker 
wiUi  an  equal  volume  of  saturated  (NH,),SO»  (No.  7).  A  prec^ipitate 
forms  which  sticks  to  the  rod  on  stirring.  R«move  this  from  the  Bolu- 
tion.  It  is  primary  olbumosv  and  comiiitta  of  a  mixture  of  proto>  ami 
hetero-albumoae.  Save  the  filtrate  which  contains  the  socondaiy 
albnmosea. 

3.  Proceed  with  the  primary  albumosea.  Dissolve  them  in  &  little 
water. 

a.  Heat  to  hoilingf  a  portion  of  the  solution.    It  A099  not  eoagulate. 

b.  Acidify  slightly  with  acetic  avid  and  add  a  drop  of  ferrocyanidp 
of  potassium.  A  precipitate  is  formed.  Distinction  from  secondary 
albumoses. 

c.  Add  A  drop  of  copper-sulphate  solution.    A  precipitate  forma. 

d.  Add  a  few  drops  of  concentrated  nitric  acid.  A  precipitate 
forms  which  dissolves  on  beating. 

e.  Add  some  tannic  aeid.    A  precipitate  forms. 

f.  Add  some  lead  acetate.    A  precipitate  forms. 

g.  Add  a  few  dropH  of  Kodium  or  potaKsium  bichromate.  A  pre- 
cipitate forms  if  tlic  solution  is  acid,  but  not  if  it  is  neutral. 

h.     Mahc  a  test  for  unoxidi7.cd  sulphur. 

•4.    Secondary    albumoses.      Deuiero-alhvmoses.      Tkio-alhumose^ 
synatbumose,  etc.    To  the  filtrate  from  the  separation  of  the  primary 
albumoses  add  an  equal  volume  of  saturated  ammoniom  sulphate  in  a 
beaker  and  stir.    Thioalbumose  (and  possibly  other  albumoses)  arc  pre- 
cipitated.   Remove  the  precipitate;  save  the  filtrate. 

Precipitate.  Tkuh<ill>umo$e.  Dissolve  the  precipitate  in  a  little 
water  and  make  the  test  for  unoxidize<1  sulphur.  It  should  be  particu- 
larly strong.  Hence  this  is  called  thio-albumose.  Repeat  the  tests  a.  b. 
c.  d  of  the  preceding  experiment  with  this  albumoae. 

Snyalbumose,  etc.  The  filtrate  or  the  solution  after  the  separation 
of  the  thio-albumose  is  saturated  while  warm  and  stirring  constantly  by 
the  addition  of  powdered  ammonium  sulphate.  The  remainder  of  the 
deutero-fllburaoses  separate  out  and  generally  stick  to  the  rod  or  the 
sides  of  the  beaker.  Pour  off  and  keep  the  solution.  Dissolve  the  pre- 
cipitate of  deutero-albumose  in  distilled  water,  and  test  small  portioos 
as  follows : 

a.  Heat  to  boiling.    Ko  coagulation. 

b.  Biuret  test    Pink  and  positive. 

c.  Acidify  slightly  with  acetic  acid  and  add  a  drop  or  two  of  potas- 
sium ferrocyanidc.    No  precipitate.    Difference  from  protoprotoooe. 

d.  Add  a  few  drops  of  copper  sulphate.    No  precipitate. 

e.  Add  a  few  dropa  of  nitrie  aeid.    No  precipitate  forms. 
t     Add  a  few  drops  of  tannic  acid.    A  precipitate  forma. 


PRACnCAI.  WOHK  AW1>  BIETHODS 


tn 


g.  Aild  a  fen-  drops  of  lead  acetate  or  mercuric  chloride.  A  pre- 
cipitate foroia. 

l.  Acidify  and  add  a  few  drops  of  potassium-bichromate  solution. 
A  precipitate  forms. 

i.  Make  a  test  for  unoxidized  sulphur,  tryptophane  and  tyrosine. 
How  do  they  compare  with  the  similar  tests  of  the  other  albumoscal 

*  B.  Peptone.  There  is  still  left  in  the  solution  which  has  been 
saturated  with  ammoniom  sulphate  some  substances  which  give  a  biuret 
test  Test  some  of  the  solution  for  these  substances.  Use  40  per  cent. 
NaOH  after  a  drop  or  two  of  CuSO„  since  in  the  presence  of  so  much 
ammonium  sulphate  a  large  amount  of  NaOH  must  be  used.  A  pink 
biuret  test  shows  the  probable  presence  of  peptone.  To  isolate  the  pep- 
tone is  a  matter  6£  difficulty. 

Peptone.  Its  properties.  To  study  the  properties  of  peptone  take 
two  frrams  of  Armour's  peptone  from  the  storeroom  and  dissolve  in  50 
e.c.  distilled  water. 

a.  Dilute  a  small  portion  and  make  in  It  the  usual  protein  reaetions. 

b.  Saturate  5  c.e.  with  powdered  (Nil.), SO,.  There  will  be  little 
or  no  precipitate  showing  the  absence  of  all  albumoses. 

c.  Add  R  few  drops  of  picric  acid.  There  will  be  little  precipitate 
showing  the  absence  of  albamoees. 

d.  Add  a  few  drops  of  ferrocyanide  to  the  solution  slightly  addi- 
fied  with  acetic  acid.    It  is  negative. 

e.  Add  to  the  solution  three  volumes  of  alcohol.  A  precipitate  shown 
that  the  peptones  are  not  soluble  in  strong  alcohol. 

f.  Add  a  few  drops  of  lead  acetate.  A  white  precipitate.  From 
these  reactions  it  appears  that  the  peptones  differ  from  the  albumoses 
in  their  solubility  in  saturated  ammonium  sulphate.  They  are  still 
precipitated  by  lead  acetate  and  tannic  acid,  and  these  reagents  are 
among  the  best  methods  of  separating  the  proteins  completely  from  a 
Bolntion. 

70.  Albuminoid  reactions. — A.  Oelatin.  Gelatin  is  in  reality  a 
derived  protein,  being  formed  by  the  partial  hydrolysis  of  the  substance, 
collagen,  found  in  white  connective  tissue  and  in  the  ground  substanca 
of  cartilage  and  bone.  A  very  pure  gelatin  may  be  obtained,  also,  from 
the  scales  of  fishes  after  the  removal  of  the  other  albnminoid.  icthylepi- 
din.  Take  some  of  the  2  per  cent,  solution  of  gelatin  and  mahe  with  ib 
the  following  tests: 

a.  The  various  protein  reactions.  Observe  whether  the  Bolphur, 
tyrosine  and  tiyptophane  reactions  are  positive  or  negative. 

b.  Obtain  some  pieces  of  gelatin  from  the  storeroom.  Teat  the  aolu- 
bili^  of  some  small  pieces  in  cold  water.  They  swell  but  do  not  dissolve. 
Heftt.    They  go  into  solution.    Cool  the  tube  under  tho  tap.    If  the  solu- 
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tioQ  U  concentrated  euougb,  it  will  set  or  gel.  Tins  is  the  best  test  for 
gelatijL  The  conucctivc  tissues  of  the  inverlcbrutes  <lo  not  yield  uiy 
substance  wliiub  will  set  or  gel. 

b.  If  the  solution  is  very  dilute,  say  1  per  cent.,  tbe  solution 
will  not  gel.  Malce  such  a  solution  or  obtain  some  of  tlie  stock  2  per 
cent,  solutiou  anU  make  with  it  the  following  tests: 

c.  The  various  protein  reactions.  Obverve  whether  the  sulphur, 
tyrosine  and  tryptO]>haue  reactions  are  positive  or  negative. 

d.  Is  gelatin  ppe<!ipitated  by  half  saturating  the  solution  with 
ttmmonium  sulphate?  By  lend  accfntel  By  tannic  acidf  By  ferrocyanic 
acid  t    By  picric  acid  t 

e.  If  boiled  with  acid  gelatin  laspa  its  power  of  gelatinizing.  Make 
some  of  the  solution  distinctly  acid  by  adding  to  5  o.c.  of  a  10  per  eenL 
solution  1  C.C.  of  10  per  cent  HCl,  heat  to  boiling  for  2  minutes  and 
tJien  oool  under  the  tap.  If  it  does  not  set,  neutraliite  with  10  pep  ecnt. 
NaOU  and  te^it  its  .setting  powers.  If  it  sets,  reacidify  imd  licat  again 
for  2  minutes. 

SALIVA. 

Collect  some  saliva  by  chewing  poraffiuo  and  expectorating  into  a 
beaker.    Collect  about  50  c.e.  of  filtered  saliva. 

*  71.    M'itb  this  saliva  carry  out  the  following  experiments: 

a.  Reaction.  Teat  its  reaction  to  litmus,  phenolpbthalein  and 
cwgo  red.  About  what  is  the  coueeutration  of  hydrogen  ions  in  saliv&f 
See  page  322. 

b.  Mucin.  Precipitate  20  c.c.  filtered  saliva  by  adding  4  volumes 
of  95  per  cent,  alcohol.  Allow  to  settle,  then  filter  through  a  7  cm. 
fitter  and  identify  Die  mucin  in  the  precipitate  by  the  following  tests: 

1.  Dissolve  the  precipitate  as  fully  as  possible  in  a  little  water.  T* 
s  portion  of  the  solution  add,  drop  by  drop,  dilute  acetic  aeid.  A  stringy 
precipitate  insoluble  in  acetic  acid  but  soluble  in  0.1  per  cent.  HO 
indicates  mucin.  In  a  little  dilute  sodium-carbonate  aolulion  the  pre- 
cipitate  from  the  aretin  acid  rcdiaKolvcs  to  a  slimy  solutiou. 

2.  Make  the  biuret,  l^Ioliscb  and  MilloD  tests  with  the  solution. 
The  positive  Molisch  teat  shows  the  presence  of  earbohydrate  in  the 
molecule.    Mucin  is  a  glyeoproteln. 

e.  Digestive  action.  Saliva  has  the  property  of  dissolving  starch 
and  converting  it  to  maltose,  a  reducing  sugar.  The  active  principla, 
or  enzyme,  which  causes  the  transformation  of  the  starch  is  called 
"  ptyalin."  For  a  fuller  account  of  this  8Tihstan<'c  and  the  conditioos 
of  its  activity  see  page  331.  To  illustrate  this  action  and  to  study  the 
conditions  of  activity  of  ptyalin.  prepare  about  -100  ex.  of  starch  paste 
by  the  method  given  on  page  854. 
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73.     Raw  starch  is  not  digested  by  ptyalin,  except  very  slowly.— 
Place  a  little  rev  starch,  as  much  as  can  bo  held  on  the  point  of  a 

knife,  in  5  o.c.  of  water  in  a  test-tube  and  add  1  c.c,  of  the  6ltflred  saliva. 
Mix  and  allow  the  two  to  act  together  for  30  minntw  or  longer.  At  the 
end  of  that  time  teat  the  reducing  aetion  of  a  port  ion  of  the  solution  by 
Fehling-'s  solution  ae  iudieatod  in  experiment  13.  Compare  the  result 
with  the  action  ou  boiled  staivh.  The  failure  of  tlie  en/yme  lo  digest  the 
uncooked  starch  is  due  to  the  fact  that  Ihe  outxidp  of  the  grain  of  starch 
is  cither  (*llula'«c  or  some  other  carbohydrate  not  easily  penetrated  hy 
the  ptyalin.  If  thi«  is  brokcu  by  chewing,  etc..  then  the  starch  digests. 
To  show  this  take  some  of  the  same  kind  of  starch  used  io  the  preceding 
experiment,  chew  it  thoroiiphly  for  a  few  moments,  collect  it  then  in  a 
test-tube,  dilute  with  a  little  wati>r  and  tent  for  a  retlucing  sugar.  The 
test  should  be  pasitive. 

*  73.  Starch  paste  is  digested  with  great  speed  by  ptyalin. — Take 
5  c.e.  of  the  1  per  cent,  starch  paste  in  a  test-tube,  add  about  1  c.c.  of  the 
filtered  saliva,  mix  thoroughly  by  inverting  the  tube  with  the  thumb  held 
over  the  end.  Then  at  once  heat  the  solution  lo  boiling  in  the  Bunaen 
burner  in  order  to  stop  the  action  of  the  ptyalin.  Notice  the  very  rapid 
clearing  of  the  starch  solution  when  the  saliva  is  added,  if  the  saliva 
K  active.  Now  take  about  3  o.c.  of  the  solution,  add  3  c.c.  of  the  Fehling 
mixture  and  boil.  A  copious  reduction  to  the  red  cuprous  oxide  is 
obtained  if  the  saliva  is  normally  active.  This  shows  that  saliva  forms 
a  reducing  sugar  from  the  starch  at  the  very  start  of  its  action.  Try 
to  see  how  short  the  time  of  contact  of  the  saliva  and  starch  can  be  and 
still  rcsnit  in  the  formation  of  a  reducing  sugar,  maltose.  The  action  of 
t.ho  saliva  can  be  stopped  most  easily  and  instaiitancoii.sly  hy  makiiif,' 
the  mixture  fairly  alkaline  with  NaOII.  The  great  speed  of  the  aetion 
on  cooked  starch  contrasts  strongly  with  the  slowness  of  digestion  of 
uncooked. 

•  74.  Formation  of  dextrins  from  starch. — ^Plaee  on  a  white  porce- 
lain plate  several  drops  of  KT,  solution.  Now  place  in  a  test-tube  10 
en.  of  starch  paste  and  2  c.c.  of  saliva,  mix  well  and  place  in  the  water 
bath  at  38-40"  C.  From  time  to  time  remove  a  drop  on  a  glass  rod  and 
touch  it  t«  a  drop  of  KI,  on  the  plate.  At  first  the  color  will  bo  pure 
blue,  that  of  starch  itself.  Gradually  the  color  will  change  to  a  ^-iolct, 
then  to  a  reddish  or  reddish  brown  and  finally  the  red  color  will  be 
given  more  and  more  faintly  and  ultimately  it  will  disappear.  The 
time  wlifn  thin  happens  ahould  bt*  nntpd.  Tt  is  the  nchromir  paint  The 
time  taken  to  reach  this  point  under  similar  conditions  of  experimenta- 
tion may  be  taken  as  a  measure  of  the  digestive  stn-ngth  of  the  saliva. 
The  red  color  is  due  to  er>-throdextr!ii.  or  red  dextrin,  the  colorless  solu* 
lion  still  contains  a  colloidal  dextrin,  aehroodcxtrin. 
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*  7j.  The  action  of  the  saliva  is  lost  by  boiling. — Ileat  some  salivs 
to  boiling  and  then  mix  it  with  starch  paste  under  the  same  coQditiona 
aa  in  experiment  74.  From  time  to  time  test  the  iodine  reaction  and 
see  if  any  reducing  subalance  (maltoiie)  appears  in  tlie  mixture.  The 
fact  that  the  properly  of  the  saliva  is  lost  by  heating  shows  that  the 
substance  which  is  active  is  unstable,  heat  labile  and,  since  a  little  of 
it  converts  a  great  deal  of  stnrch,  it  is  called  an  enzyme. 

76.  Conditions  o£  activity  of  the  ptyalin. — The  digestion  of  starch 
by  saliva  goes  fastest  in  very  weak  acid  media.  It  is  8topi>ed  by  strong 
acid  and  alkali.  It  is  fiborteoed  by  the  addition  of  a  little  NaCL  lu 
this  experiment  use  diluted  saliva.  To  5  c.c.  of  fresh  saliva  add  45  cc 
of  distilled  water  and  mix  u-cll.  If  this  dilution  tabes  too  long  to  come 
to  the  BCbromic  point,  use  with  it  a  more  dilute  starch  solution.  It 
should  not  take  much  over  20  minutes  at  40*  to  reAch  the  achromio 
point 

Action  of  hosts,  acids  and  salts  on  the  activity.  Measure  out  the  fol- 
lowing into  tcst-tnboB  and  deteniiine  the  length  of  time  for  each  to  come 
to  the  achromic  point.    Add  the  solutions  in  the  order  given  below: 

Tub*  Staitih  parte     Water 

1  S  C.«.  2     CO. 

2  -  I       " 

a   "  1.6  '■ 

4 "  l-K" 

»  "1.0  •• 

6                                                         .        "  1.0  " 

T 3  ce.  of  A  Wow  4.  3  e,c.  of  B  below 

8 3   ■   "  c     "     -j.  a   "   "  n   " 

A 4  e.«.        aUrch  paate  +  8  cc.  N/10  N\00,  kept  at  40°  C  for  \S  minstM 

B.  . .  ■'   MtiY*   (diliitM)  +  2  "        *■     Hdl  ■'      •■        -      -    " 

C.   ■'  «t4tch  pftrt*  +  2  •■         "        "  "       ••         «       "     I. 

». "  aalifa  (diIulci>+2   "        "     Na^CO^   ....««-  m 

Explain  the  results  and  their  signiScance  in  connection  with  natural 
digestive  processes. 

77.  Excretion  of  salts  in  saliva. — ^The  saliva  contains  many  sob- 
Btanees  whieh  are  adventitious,  excretory  subetaneos.  Iodides  paes 
readily  into  the  saliva.  By  swallowing  iodides  and  noting  the  time  at 
which  the  iodine  reappears  in  tlie  saliva,  an  idea  may  be  had  of  ^M 
motor  activity  of  (he  stomach,  since  the  nbsorption  is  largely  from  the 
intestine.  The  iodides  must  be  passed  through  the  stomach  before  they 
arfl  reabsorbed. 

GASTRIC  DIGESTION. 

On  account  of  the  difBculty  of  obtaining  sufficient  quantities  of  gu- 
tric  juice,  the  experiments  which  follow  will  be  made  with  artificial 
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rtrie  jaice.  In  making  this  joice  it  is  best,  if  the  mucous  membranes 
of  the  hog 's  stomach  can  be  obtained,  to  make  the  juice  by  extracting  the 
dried  or  undried  mucous  membrane  with  0.4  per  cent.  HCl.  A  large 
amount  of  the  mucous  membranes  can  be  dried  on  gloss  plaLcA,  then 
extracted  with  gasoline  and  ground  and  kept  on  hand.  If  macoua  mem- 
branes cannot  be  obtained,  a  flimilarly  acting  juice  may  be  made  from 
commercial  pepsin  preparations,  which  are  generally  made  from  hog's 
Ktomacb  mucosa  by  allowing  it  to  digest  with  acid,  dialyzing  out  much 
of  tlie  protein  digestive  products  and  drying  Uie  pepsin  solution  on  glass 
plates  at  low  temperatures.    This  makes  scale  pepsin. 

•  78.  Reaction  of  the  mucous  membrane. — Test  the  reaction  of 
the  fresh  mucous  membrane  of  the  hog's  stomach  to  Htrans.  It  will  be 
found  to  be  either  veo'  faintly  acid  or  slightly  alkaline.  There  is  no 
storage  of  hydrochloric  acid  in  the  membrane,  although  it  secretes  a 
juice  strongly  acid  with  HCl. 

*  79.  The  active  digestive  principle  of  gastric  juice  is  stored  in 
the  mucosa. — That  the  mucous  membrane  contains  pepsin  which  digests 
proteins  in  an  acid  solntion  may  be  shown  as  follows: 

Take  50  grams  of  hashed  pig's  stomach  mucosa,  add  to  it  250  c.c. 
of  0.4  per  cent.  HCl,  place  it  in  a  flask  and  allow  it  to  digest  itself  for 
24  hours  at  37-40'  C.  At  tlic  end  of  that  time  filter  the  solution  from 
the  undigested  residue  and  test  the  solution  for  the  mctaproteins : 
acid  albumin  (precipitation  on  exact  neutralization  to  litmuB)i  pro- 
tolbumose,  dcutero-albumoso  and  peptone.  Uow  could  you  remove 
the  peptone  and  peptides  from  tlie  solution  without  injuring  the 
pepsin  t 

♦  80.  Existence  of  pepsinogen. — Principle  and  object.  This  experi- 
ment constitutes  the  chief  evidence  of  the  existence  of  the  pepsin  in 
the  mucous  membrane  of  the  stomach  in  an  inactive,  more  resistant 
form,  which  has  been  called  pepsinogen.  The  evidence  consists  in  the 
fact,  ahovrn  by  this  experiment,  that  a  neutral  infusion  of  the  stomach 
mucosa  can  be  made  alkaline  by  sodium  carbonate  without  permanently 
losing  its  activity.  That  is,  digestive  action  returns  when  it  is  reaeidi- 
fied ;  whereas  an  acid  infusion,  or  a  neutral  infusion  which  has  been 
made  acid  by  UCl  and  consequently  contains  active  pepsin,  cajmot 
be  made  alkaline  without  losing  the  greater  part  of  its  activity.  The 
pepsin  is  evidently  very  sensitive  to  alkalies;  whereas  the  substance  in 
the  neutral  infusion  is  not  nearly  so  sensitive.  This  inactive  precursor, 
or  form,  of  pepsin  is  called  pepsinogen,  the  theory  being  that  it  goea 
into  pepsin  by  the  action  of  acid. 

To  make  the  neutral  infusion.  To  0.5  gram  of  dried,  fat-free,  pow- 
dered hog  stomach  mucosa  add  50  c.c.  distilled  water.  Mix  well  and 
allow  to  stand  for  20  minutes.    Then  strain  through  cheese  cloth. 
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The  experiment.    Measure  four  5  e.e.  portions  of  this  infusion  in( 
£our  ttitil-tubeti  and  label  them  {a),  {h),  (c)  and  (d). 

<a)  To  (a.)  add  4  cc.  water  and  1  c.c.  NNa,CO,.  AUoiv  to  stand 
for  15  minutes  at  room  temperature,  then  make  it  aoid  liy  tlie  addition 
of  3  CO.  NHCl  and  dilute  to  'J\i  c.c.   Tliis  tube  uow  coiitaiua  N/IU  UCl. 

(b)  To  (b)  add  2  c.c  K  UCl  and  dilute  to  20  cc.  Ttiis  tube  also 
contaiua  N/10  IICI,  approximately  0.36  per  cent.,  but  the  iufufiiou  has 
not  been  alkalioo  at  any  time. 

(c)  To  (c)  add  0.6  cc.  N  HCl  and  0.4  c.c.  H,0,  so  that  the  total 
volume  is  6  e.e.  After  standing  15  minutes  at  room  temperature,  add 
1.6  c.c.  NNa,CO,  aud  diiutit  to  10  c.c.  Allow  to  Bland  for  15  minutes. 
This  lulie  now  coutaioK  Uie  tiauie  coniientration  of  NNa^CO,  that  (a)  did, 
but  the  solutiou  has  \nxa  exposed  to  acid  for  a  time,  so  as  to  form  pepsin. 
Now  add  to  this  tube,  after  sianding  15  minutes,  3  c.c.  N  IICI  aud  dilute 
to  20  cc  with  water.    This  tube  also  now  contains  N/10  HCI. 

(d)  To  (d)  add  1  cc.  NNaCl  and  dilute  to  20  c.c. 

Transfer  10  cc.  samples  of  these  solutions  to  four  dry  test-tubes, 
label  each  accurately,  add  a  piece  of  fibrin  about  the  size  of  a  pea  to 
eaeli  and  digest  at  '3dA0'  C.  at  the  same  time  and  for  the  same  length 
of  time.  Obserre  the  digestion  in  each  tube,  (b)  should  be  the  fastast, 
but  compare  especially  the  rate  of  digestion  iu  (a)  and  (b). 

Draw  your  inference. 

*8i.  An  experiment  to  show  the  optimum  concentration  of  acid 
for  peptic  activity  and  the  action  of  different  kinds  of  acids  of  the  same 
concentration. — Principle.  Thiti  uspcrimtiut  illustrates  a  very  intoreel- 
ing  fact  which  is  apparent  cvvrj-whcre  in  nature:  namely,  that  all  kinds 
of  living  phenomena  lake  place  at  iheir  optimum  under  the  conditions 
which  prevail  iu  nature.  Thia  is  called  "  adaptation."  It  may  be 
observed  in  tliis  experiment  thai  the  digestion  goes  bi^st  at  the  concen- 
tration of  HCl  normally  present  in  the  stomach ;  and  tliat  the  moat 
favorable  acid  is  IICI,  tlic  aeid  normally  present. 

Experiment.  I'rcparalion  of  artificial  gastric  juice.  Digest  50 
grams  finely  divided,  fresh,  or  about  10  grams  of  the  dried,  hog  stomacb 
mueoea  in  a  350  c.c.  beaker  with  250  c.e.  0.4  per  cent.  HCl  provioualy 
warmed  to  40*  C.  Set  aside  in  a  bath  at  35.40",  with  frequent  stirring 
until  almost  dissolved.  Then  tramifer  to  a  500  c.c.  flask,  stopper  loosely 
and  ogain  allow  to  digest  for  Iwo  or  three  days.  Thrn  filter  and  test  a 
small  portion  of  the  filtrate  for  metaprotein,  proteoses  and  peptones. 
Save  the  remainder  in  a  flask  stoppered  with  cotton.  Explain  what 
happens  in  Uie  above  process. 

Prepare  Uie  following  imxlnres  in  large  lest-lube-s.  For  tile  pepsin 
solution  take  some  of  tJie  artificial  juice  and  add  thereto  Na^CO.  solu- 
tion until  the  solution  is  no  longer  acid  to  congo  red,  but  is  still  acid 
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to  litmus.  After  the  eontent«  of  each  tube  have  been  well  mixed,  add 
to  each  au  amount  of  fibrio  equal  in  volmae  to  a  small  pea.  Sbabc 
each  tube  from  time  to  time  and  digest  at  35-40°  C.  for  10-20  miuutes. 
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The  action  of  other  acids  in  peptic  digestion.  Prepare  a  set  of  large 
tubes  as  above,  one  with  the  optimum  amouiit  o£  N  HCI  added  aud  tho 
others  with  the  same  volume*  of  N  UNO,,  N  H^SO,,  N  oxalic,  N  lactic 
and  N  acetic  reapeetivel/.  Then  add  fibriu  aiid  digest  is  above.  Do 
all  the  acids  aul  equally  wcIK  How  about  tlic  H  ion  couccntratioiia 
in  the  diHercDt  Holutioiist 

81.  The  effect  of  addition  of  bile,  peptone  and  saccharose  on  pep- 
tic activity. — In  the  same  way  determine  qualitatively  the  effect  of  1, 
2  aud  5  c.e.  of  bilti,  15  per  cent,  peptone  and  5  per  cent,  saccharose 
aolutioua  wheu  acting  iu  presence  of  the  optimum  concentration  of  HCI. 
Be  sure  lo  have  Uio  concentration  of  enzyme  and  HCI  the  same  in  each 
teat.     Tabulate  your  experiments  and  explain  resulls. 

83*  Pepsin  quantitative  determination. — The  quantitative  deter- 
mination of  pepaiu  ia  made  by  one  of  the  following  methods.  Most  of 
Uiese  are  adapted  for  clinical  examination  ot  the  ga&tric  juice.  The 
activity  of  the  juice  is  compared  with  the  activity  of  a  standard  solution 
of  pepsio. 

B.  Jaeohy'a  method.  0.5  gram  of  ricin  arc  dissolved  in  50  e.c.  of  a  5 
per  cent.  NaCl  solution  and  filtered.  To  the  opalescent  liquid  enough 
N/10  HCI  is  added  lo  make  il  slightly  cloudy,  aud  5  c.e.  is  plac-ed  in 
each  of  10  test-tubes  in  the  water  bath  at  38°  C.  The  stomach  juice,  or 
the  pepaiu  solutiou,  is  added  iu  decreasing  amouuta  to  each  of  the  tubes 
and  the  tubes  arc  made  up  to  tlio  same  volume  by  the  addition  of  dis< 
tilled  water  or  cooked  juice.  The  greatest  dilution  which  after  three 
hours  in  the  thermostat  clarifies  the  riein  shows  the  lowest  coacontra- 
tton  of  juice  which  can  fully  digest  this  amount  of  protein.  If  1  e.c. 
of  juice  diluted  lOOX  ><<  able  to  do  this,  it  coutains  100  pcpsiu  uuita. 
If  the  total  acidity  of  the  juice  is  normal  and  equal  to  40-60  c.e.  of 
N/10  NaOn,  the  juice,  if  normal,  should  contain  100-200  peptie  unite. 
IzL  hypo  acidity  the  pepsin  is  generally  reduced;  in  hyper  acidity  it 


904 


PHYSIOLOGICAL  CHEHISTKY 


Kmains  about  the  same.    In  the  absence  of  HCl  there  may  still  rem! 
a  very  weak  digestive  action. 

•b.  Mett't  method.  Procure  two  glass  tubes  (2-3  mm.  inlemaJ 
diameter  and  7  cm.  long)  from  the  storeroom,  draw  up  fresb  egg  white 
in  the  same  until  filled;  then  place  horizontally  in  water  which  ia  boiling 
hot,  remove  the  Same  and  allow  the  tubes  to  remain  in  tJie  water  for 
10  miuutea.  Htmove  and  allow  to  cool.  VVlien  the  solutioua,  etc.,  below 
are  all  ready  for  use,  cut  the  capillary-  tubej)  into  leugUis  of  approxi- 
mately 1  cm.  each.  The  coaeulutcd  egg  albumen  must  be  free  from 
air  bubbles  and  the  broken  surfaces  must  be  even  with  the  gloss  cnda. 

Prepare  two  %-inob  flat-bottom  vials  as  follows: 

(a)  0.5  C.C.  0.3  per  eent.  solution  of  1:3,000  TJ.S.P.  pepsin  in  0.2 
per  ceul.  IICl  plus  4.5  e.c.  0.2  per  cent.  HCl  and  2  Melt's  tubes. 

(b)  1.0  cc.  uukiiown  solution  in  0.2  per  cent.  HCl  plus  4.0  c.e.  0.2 
per  cent.  HCl  and  2  Mett's  tabes. 

Rotate  Rcntly,  stopper  lightly  with  cotton  and  scX  aside  at  35-40' 
C.  for  24  houi-s.  Uos  bubbles  may  cling  to  tlie  ends  of  the  tubes,  be  sure 
to  brush  these  off  with  a  fine  wire  before  setting  aside  to  digest.  The 
Mett's  lubes  must  tie  fiat  on  the  bottom  of  the  tube.  Kemove  all  the 
tubes  at  Ui«  Rame  lime  and  place  on  a  millimeter  scale,  then  by  meant 
of  a  lens  mea-sure  the  lengths  of  albumen  dissolved  at  both  ends  of  each 
tube.  This  gives  four  readings  for  each  solution  tested.  Take  the  aver- 
age of  the  four  readings. 

The  above  conditioos  are  such  that  the  Schiitz  law  holds.  "What  is 
this  taw  and  what  are  the  conditions  under  which  it  holds  f  Calculate 
the  per  cent,  ronccutralion  of  the  unknown  solution  in  1:3,000  n.SJ*. 
pepsin.  The  U.B.P.  standard  of  1 ;  3,000  means  that  1  part  of  pepoa 
dissolves  3,000  part&  of  coagulated  egg  white  in  2'/^  hours  when  tested 
by  the  U.S.P.  assay  method. 

*  84.  The  coagulation  of  milk  by  rennin.  Rennin  is  activated  b^ 
HCl,  lik«  pepsin. — Principle.  This  experiment  is  designed  to  show  that 
mucous  mciubrancs  of  calves'  stomachs  contain  an  enzyme  or  active 
principle  which  coagulates  milk  in  a  neutral  solution,  and  that  it  extsti 
in  the  mucosa  in  an  inactive  form,  being  activated  by  HCl. 

(a)  To  0.5  grams  dried,  fat-free,  powdered  calves'  rennets  add 
X  c.c.  of  water.  The  value  of  x  wiU  be  given  you  by  the  iastntctor.  It 
has  to  be  determined  by  a  preliminary  experiment,  as  the  reunet  activ- 
ity is  vanable,  and  the  condition  of  the  millc  varies.  It  should  be  so 
choaen  that  the  time  of  coagulation  in  the  following  most  favorable  tube 
is  between  5  and  10  minutes.  After  standing  15  minutes  strain  tbrougb 
cheeite  cloth.  Take  tliree  5  cc.  samples  and  treat  as  follows,  making 
all  measurcmenta  very  carefully: 

(b)  To  5  cc.  add  exactly  45  cc.  distilled  water  and  mix  well. 
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(c)  To  5  C.C.  add  1  c.c.  N/10  HG,  and  after  5  minutes  graduaiiy 
add  wkUt  stirring  1  cc.  N/10  NbjCO,.  Next  add  43  c.C-  dUtilled  water 
and  mix  well. 

(d)  To  5  «.c.  add  1  t.c.  N/10  KaCl  and  aXtvr  G  mitiutvs  add  44  c.c. 
distilled  water  and  mix  well. 

Now  determine  bow  long  it  takes  for  each  (b),  (e)  and  (d)  to  curdle 
milk  wbcu  tlie  followiuy  conditions  are  observed.  Measure  into  three 
clean,  dry,  large  (1-incb  diameter)  test-tubes  (large  tubi*s  are  used  so 
a-s  to  permit  of  instautaueuus  mixing)  10  c.c.  iiamples  of  sweet,  well- 
mixed  millc.  llcAt  each  to  40"  C.  Wlicu  all  tli«  tub«»  arc  ready  add 
1.0  0.C,  of  (b),  (c)  and  (d)  to  Uic  rtspuctivo  tubes;  mix  immediately 
after  the  addition  and  accurately  note  the  lime  to  within  5  seconds. 

Place  all  in  the  bath  at  iO'  C.  Now  do  not  shake  the  mixture,  but 
remove  the  tubes  one  by  one  from  the  bath  from  time  to  time  (every 
30  seconds),  incline  the  tubi!!i  gi^ntly  and  uotu  tJie  time  when  the  curd 
breaks  away  smoothly  from  IhL-  Ktde  of  the  liibi!.     Kxplaiu  the  results. 

85.  Relation  of  the  time  of  coagulation  to  the  amount  of  rennin. 
Time  law.— Take  5  cc.  samples  of  (c)  above  and  prepare  dilutions  as 
follows: 

(c)  5  cc  plus  2'/^  cc.  water  and  mix  well. 

(f )  5  cc.  plus  &  cc  water  and  mix  well. 

(g)  Now  determine  how  long  it  tabes  for  1.0  cc.  of  (c),  (e)  and  (f) 
to  curdle  10  cc  of  milk  at  40*  C.  What  law  doea  calves'  rennet  fol- 
low here? 

86.  Calcium  salts  are  necessary  for  the  coagulation  of  milk,  but 
not  for  the  action  of  the  renmn  on  casein. — Prepare  large  test-tab^  aa 
follows : 


T«b« 


M<11< 


ICcc. 

M     a. 


OlhM  »dlllllOB 


2oa2%   (KHJ,C,0^  Sol. 

4cc  HO 

2  cc.  6%  CaCI   80I.  4-  2  cAi.i'Jk  fH  >  C  O  Sol. 


Warm  to  40'  C-  and  keep  in  a  bath  at  40'  C.  To  each  lube  now  add 
Bufficient  of  solution  (c),  experiment  84  above,  to  cause  the  contents  of 
the  tube  (b)  to  curdle  in  T-12  minutes.  As  soon  as  (a)  has  atoo<l  with 
the  enzyme  solution  the  length  of  time  it  required  (b)  to  curdle,  at  once 
add  2  c.c.  2  per  cent.  CaCl,  solution  to  (a),  mix  well  and  note  what 
happens  after  V-i  to  2  minutes.     Explain. 

87,  The  calf's  stomach  extract  has  a  weak  peptic  action,  but  a 
Btrong  rennin  action;  the  conditions  are  reversed  in  the  pig's  stomach. 
— Prepare  50  e.c.  1  per  cent,  water  extract  of  dried  calves'  rennets  and 
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50  C.C.  1  p«r  cent,  extraot  of  dried  bogs'  stomodi  mucosa.  Ailow  each 
to  digest  for  15  minutes,  then  filter  and  measure  off  accurately  (without 
cciHaminating  one  solution  with  the  other)  into  dry  vessels  two  10  ce. 
portions  of  each.  To  each  10  e.c.  portion  now  add  2  cc.  N  HCl.  After 
standiog  1  to  5  minutes,  add  carefully  2  e.c.  K  NejCO,  to  one  tube  from 
each  set  and,  after  mixing  each  well,  compare  these  as  to  curdling  actiuo 
on  milk. 

After  5  to  SO  miuutca  add  to  the  other  10  cc.  portions  of  add 
solutions  10  cc.  distilled  water,  mix  each  well,  warm  to  40°  C.  and 
add  the  samo  amount  of  well-waabed  fibrin  to  each.  Digest  at  40"  C. 
and  note  from  time  to  time  the  relative  rates  at  wbich  the  fibrin  U 
dissolved. 

The  acidity  of  gastric  juice.— Natural  gastric  juice  is  obtained  either 
from  Eistulas  or  clinically  by  eating  a  test  breakfast  of  a  roll  aod  a 
gla.'is  of  water,  or  weak  tea,  and  45  minutes  later  emptying  the  stomach 
by  means  of  a  stomach  tube.  As  this  is  not  a  veiy  agreeable  procedure. 
skill  in  testing  the  couteutjt  had  best  be  obtained  by  examining  tho  arti- 
ticial  gastric  mixture  pi-ovided  by  tlic  instructor  and  which  contains  the 
in^edients  which  one  usually  finds  in  such  stomach  contents.  Tho  most 
imporlanc  part  of  the  examination  is  the  determination  of  tho  amount 
of  hydrochloric  acid  present,  ainoe  the  pepsin  usually  goes  parallel  with 
the  acid,  and  the  acid  is  of  considerabla  sigoilieauec,  being  generally 
much  reduced  in  cancers  and  some  other  digestive  troubles  and  increased 
at  otiior  times,  particularly  in  gastric  or  duodenal  ulcer. 

The  total  acidity  of  the  juice  may  be  due : 

1.  To  free  hydrochloric  acid. 

2.  To  hydrochloric  acid  combined  with  proteins. 
8.    To  acid  salts  such  as  acid  phosphate. 

4.  To  organic  acids  such  as  ac»tiu,  lactic,  butyric,  eto.,  which  have 
been  fonued  by  fernjentative  decomposition  of  the  foods.  These  last  aw 
generally  not  found  if  the  HCl  is  normal  or  hypernormal;  for  the  pres- 
ence of  tbe  acid  keeps  down  the  development  of  the  liacteria  and  moulds. 
In  the  absence  of  IICI  the  acidity  due  to  these  other  acids  may  be 
marked.  The  sum  of  1,  2,  3  and  4  gives  tho  total  acidity  of  the  juice 
Tiiu  sum  of  1  and  2  makes  the  part  of  tbe  acid  wliich  is  normal  and 
physiologically  active. 

It  is  necessary  to  determine  the  total  acidity,  and  the  presence  ond 
amount  of  the  free  hydrochloric  acid,  and  the  cotnbineil  aetd.  Road 
pages  366-374. 

*a8.  Total  acidity.— Titrate  10  cc.  of  the  unflUered  gastric  cob- 
tenta  with  N/10  NaOH,  using  phenol  phthalcin  as  an  indicator.  The 
total  acidity  is  often  expressed  as  grams  of  HCl  in  100  cc  of  jnicou  To 
get  this  number  multiply  the  number  of  cc.  of  NaOH  required  to  neo- 
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tralize  the  juioe  iriA  the  factor  0.0365,  since  each  c.c.  of  N/10  HCl  would 
contain  tlits  number  of  grams  of  the  acid.  The  acidity  is  itometimea 
expressed  as  cc  of  N/10  NbOH  rctiuired  for  ncnirnlizing  100  c.c.  of 
jnico.  Why  is  phenol phthaleiti  chos<?n  as  the  indicator  for  total  acidity  I 
It  ia  advisable  not  to  filter  the  juice,  although  the  particles  in  suspension 
!□  the  juice  may  make  a  considerable  part  of  its  volume,  since  on  filter- 
ing a  slight  loss  occurs  in  the  acid  attached  to  the  substances  in 
suspension. 

*  8g.  Free  HCl. — The  estimation  and  deteelioa  of  free  HCl  ia 
made  by  means  of  the  Qiinzberg  test  as  follows  (see  page  367  for  the 
ccmposition  of  the  reagent) :  One  drop  of  the  reagent  is  placed  on  a 
white  poreetain  plate  or  evaporating  dish  and  dried  very  i;auliously  over 
a  free  tlamc  or  better  on  a  water  bath.  U  must  not  bo  heated  too  hi^ 
Then  add  one  drop  of  the  filtered  juice  to  tlie  clear  yellow  spot  left 
by  the  evaporation  of  the  indicator  and  warm  again  carefully.  If 
Lydrouhloric  acid  is  present  in  the  free  state,  a  purplish  red  color 
develops  on  heating.  If  the  spot  is  heated  too  inueli,  it  will  be  brown. 
On  dilating  the  gastric  juice  and  repeating  the  test,  a  limit  will  be 
found  when  the  reaction  is  just  perceptibly  positive.  At  this  dilution 
the  juice  contains  about  N/2,500  HCl. 

a.  Confii-m  the  accuracy  of  this  test  for  free  HCl  by  repeating  it, 
using  N/;iUU  and  N/2,000  IlCt;  with  a  mixture  of  N/30  acetic  acid  in 
which  a  little  NaCI  has  been  dissolved;  and  with  N/10  lactic  acid. 
Which  are  positive! 

b.  To  show  that  the  presence  of  proteins  reduces  the  amount  of 
free  hydroelilorie  acid,  add  to  10  c.e.  N/30  IICl  10  c.c.  of  a  1  per  cent 
Bolution  of  Witte's  peptone.  Mix.  Determine  by  the  Qiinzberg  reagent 
what  the  amount  of  free  HCl  is  now  in  the  solution. 

c.  Titrate  5  cc.  of  the  mixture  from  b  with  N/10  NaOH,  using 
phenol phthalein  as  an  indicator.  Has  Uie  total  acidity  been  reduced  by 
the  addition  of  the  pcptoneT 

d.  Titrate  another  30  cc.  with  N/10  NaOU,  using  di-methyl-amino 
azobcnzene  as  an  indicator  (Topfer's  test).  How  do  these  figures  com- 
pare with  the  total  aridity  and  with  the  acidity  as  determined  by 
Gunzbergl 

e.  In  plaac  of  detenniniiig  the  free  HCl  by  the  dilution  of  the 
gastric  juice,  it  can  also  be  determined  by  titrating  by  the  addition  of 
N/IO  NnOU  and  determining  the  end  point  at  which  the  free  HCl  ia 
neutralized  by  Icaling  from  time  to  time  1  drop  of  the  liquid  by  the 
Qiinzberg  method.  This  method  is  perhaps  more  tedious  than  the  dilu- 
tion method. 

For  clinical  purposes  the  Giinzberg,  the  total  «<'idity,  ami  the  Tiipfer 
titration  are  all  that  are  required.    By  consulting  the  tables  on  page  363 
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it  will  be  seen  that  the  Topfer  titration,  i.e.,  the  dJinethyl-&mliio 
benzene,  shows  an  amoont  of  acid  belweea  the  free  and  the  total  acidity. 
It  gives  an  imperfect  notion  of  the  amount  of  free  HCl.  It  is  not 
aSected  by  organic  acids,  except  when  they  are  present  in  high  concen- 
tration. The  coui^euli'aliou  of  hydrogen  ions  at  which  it  chaagea  color 
may  be  seen  in  table,  page  371,  to  be  N/1(F"^N/10*.  It  i-equirea  a  little 
higher  concentration  than  congo  red. 

*  go.  Free  HCl  by  Boas  reagent.  TropaeoUn  OO. — The  determina- 
tion of  the  free  HCi  by  Boas  reagent  gives  the  same  results  as  Qiiiuberg, 
but  the  latter  is  sharper.  The  Boas  reagent  has  no  points  of  superi- 
ority, except  thai  it  holds  better.  Some  drops  of  saturated  solution  of 
tropu-otiu  00  in  &4  per  cent,  alcohol  are  placed  on  a  porcel&iu  plate 
and  drit-d  at  40°  C.  To  the  dried  spot  a  df-op  of  the  li(|uid  to  be  tested 
ill  added  and  again  dried  at  40'  C.  lu  the  prcsc-ucc  of  as  much  ua  0X06 
per  cent.  HCl  a  viokt  spot  Is  left  when  the  liquid  evaporates, 

a.    Control  this  test  with  dilute  HCl,  lactic  acid,  etc, 

Tbu  student  Bboiild  ivad  tlie  actloa  of  indicatora  tu  cue  of  Ifce  folloirinxi 
Stivglits'a  QtmlitalitM  Analj/na,  Part  1;  Jonee'  Eltmtnta  of  Phytioal  Ch^miatrg; 
Sniitli'*  /n troducdVn  to  Jnorgcnic  VhvmUlri/.  Otiicr  retvrcrices  on  tbc  uie  of  iodJ- 
oators  arc;  .AtHlerhalilen'^  HniuJbucli  dor  Biochrm.  Arbeifmtttuxien,  Vol.  I,  p.  fiMj 
Vol.  lU,  p.  1337;  and  Vol.  V,  pp.  tO«  and  1006. 

gi.  Hayem  and  Winter  method  for  the  determination  of  hydro- 
chloric acid. — This  metlioil  reqiiirtts  the  facilities  of  a  chemical  labora- 
tory. It  is  based  on  tliu  determination  of  chlorine.  Three  portions  of 
5  CO.  each  of  stomach  contents  arc  placed  in  three  crucibles,  a,  b  and  c 
To  (a)  is  added  on  cxih^s  of  sodium  ttarbonate  and  all  tbi-cc  arc  dried 
on  the  water  bath  and  then  in  an  oven  at  100°  until  completely  diy. 
The  crucible  (a)  is  then  ashed  over  a  free  flame,  very  lightly,  and  the 
ash  extracted  with  water.  Tliu  chlorine  is  then  detcrinioed  in  the 
water  by  silver  nitrate  titration.  This  gives  the  total  chlorine,  both  add, 
free  and  combined,  and  sodium  chloride.  The  second  crucible  (b)  as 
soon  as  completely  dry  has  Na,CO,  added  and  ashed  and  the  chlorine 
is  determined  as  in  (a).  By  heating  on  the  water  bath  and  at  100' 
the  free  hydrochloric  acid  is  driven  off.  The  difference  between  (a) 
and  (b)  gives,  then,  the  free  hydrochloric  acid.  The  third  crucible  (o) 
in  ashed  directly  without  the  addition  of  the  carbonate.  By  this  only 
tJie  chlorine  of  the  sodium  chloride  is  left.  The  difference  between  (b) 
and  (e)  gives,  then,  the  combined  UCl.  This  method,  however,  is  only 
approximate,  since  in  the  ashing  some  acid  phosphate  is  formed  which 
will  expel  some  of  the  clUoriue  from  the  sodium  chloride.  Moreover, 
in  the  drying  some  of  the  combined  hydrochloric  acid  is  act  free  and 
goea  off. 

92.    Lactic-Bctd  detection. — By  fermentation  of  the  carbohydrates  in 
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the  stomacli,  vben  the  hydrochloric  acid  is  low,  a  considerable  d^rce 
of  acidity  may  be  formed,  due  to  lactic  or  other  organic  acida.  It  is 
sometimes  desirable  to  examine  the  eont«nt8  for  lactic  acid.  The  lactic 
acid  may  be  detected  either  by  the  deoolorization  of  phenol-ferric- 
chloride  solution  (Uffelmann's  reaction)  or  by  Hopkins'  method.  The 
latter  is  the  better. 

a.  By  VffelTnann's  reaeiion.  The  reagent  is  made  by  taking  10  c.c. 
of  4  per  cent,  solution  of  carbolic  acid,  20  c.c.  of  distilh-d  water  and  1 
drop  of  a  2  per  cent,  fcrric-cliloridc  solution.  This  solution  has  a  deep 
violet  color,  due  probably  to  the  partial  reduction  of  the  iron.  The 
addition  to  this  solution  of  a  solution  of  lactic  acid,  even  very  dilate  (1 
part  in  10,000),  eaufics  the  color  to  eliange  to  a  yellow.  Dilute  a  N/10 
lactic-acid  solution  and  kIjow  the  color  change  with  the  reagent.  Repeat 
with  nCl  N/100  to  show  that  this  is  negative.  The  reaction  is  not 
specific  for  lactic  acid,  but  it  is  not  given  by  dilute  HCI.  Now  sec  if 
the  filtered  gastric  contents  discharge  the  color  from  TJffolmann.  It  is 
better  to  shake  out  the  contents  with  ether,  in  which  the  lactid  acid  is 
soluble,  evaporate  the  ether  on  the  steam  bath  in  &  beaker,  dissolve 
the  synip,  if  any,  which  is  left  in  a  little  water  and  repeat  the  test  with 
this.  Keep  a  portion  of  the  ether  extract  for  testing  by  Hoplcins' 
method,  which  ia  as  follows: 

•  h.  Hopkins'  method  of  delecting  lactic  acid.  This  depends  on  the 
cnerry-red  color  developed  by  thiophene. 

Into  a  clean,  dry  test-tube  place  3  drops  of  a  1  per  cent,  solution 
of  luetic  acid  in  alcohol,  odd  5  c.c.  of  concentrated  sulphuric  acid  and 
3  drops  of  a  saturated  solution  of  CuSO,.  Mix  and  place  in  a  beaker 
of  boiliiitf  water  and  heat  for  5  minutes.  Cool  under  the  tap  end  add 
2  drops  of  a  2  per  cent,  alcoholic  solution  of  thiophene  and  shake.  Replace 
the  tube  h\  boiling  water.    A  eherry-rcd  color  develops. 

c.  Repeat  by  using  in  place  of  the  lactic  acid  that  recovered  from 
the  gastric  contents  by  ether.  It  is  not  probable  that  this  method  either 
is  specific  for  lactic  acid,  but  it  ia  the  only  substance  in  gastric  contents 
which  gives  the  reaction. 


INTESTINAL  DIGESTION. 

A.  Digestive  actions  of  the  pancreatic  juice. — ^The  three  juicoa. 
bile,  pancreatic  and  duodenal,  are  mixed  witi  the  chyme  and  digestion 
is  the  result  of  the  mixture.  The  different  juices  will  here  be  studied 
separately.  Since  it  is  impossible  to  provide  large  classes  with  sufHcieut 
pancreatic  juice  for  experimental  work,  it  ia  necessary  to  use  extracts 
of  the  pBncrea,H  and  the  duodenal  mucosa.  Tlipse  act.  on  the  whole,  like 
the  secretions,  since  the  active  principles  or  cnzj-mes  are  stored  in  the 
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glands  and  may  be  extracted.  In  some  particalara.  however,  the  actions 
may  not  be  strictly  couiparable,  ainec  by  e:ttraction  substancee  may  ^^e 
obtained  whidi  arc  not  normally  secreted.  Pancreatic  juice  digeat« 
starches  and  dc^ti-ius,  protcius  oud  fats. 

•93.  Amyloiytic  activity  of  pancreatic  extracts. — QualitAtive 
deteetion.  Prepare  some  1  per  cent,  starob  paste  as  in  experiment  ( 1), 
G«t  from  the  storeroom  about  10  {^atns  of  freah  pig's  pancreas  which 
baa  be«n  freed  as  far  as  possible  from  fat  and  been  finely  hashed  in  a 
meat  chopper.  Add  40  e.c.  of  35  per  cent,  etliyl  alcohol  and  grind  and 
mil  well  in  a  mortar.  Both  the  lipolytic  and  the  amylolytie  enzymes  are 
readily  soluble  in  dilute  alcuhul.  Kilter  olT  the  extract.  Test  its  n-duc- 
ing  action  on  Fchling'K  oolatton.    It  should  be  negative. 

To  5  e.c.  starch  paste  in  a  test-tube  add  1  c.c.  of  the  extract  and 
mix.  Observe  the  %'ory  rapid  elcarinp;  of  the  starch  due  to  the  formation 
of  soluble  Htareh.  Place  in  beaker  of  water  huated  to  40*  C.  At  the  end 
of  1  minute  of  action  remove  a  drop  to  a  drop  of  dilute  T^Kt  solution 
and  test  for  stardi.  Remove  also  2  e.c.  and  see  if  reiluction  of  Fehliog't 
BolutJon  oceura.  After  10  minutes  repent  both  tests.  The  pancreatic 
extract  contains  nii  active  principle,  amylojatiH,  probably  a  mixture  of 
enzymes,  which  converts  starch  to  dextrins  and  mwHose.  U  differs  from 
the  action  of  ptyalin  in  that  the  preliminary  transformation  of  tin 
starch  to  dextrins  goes  relatively  more  rapidly  tlian,  and  the  formation 
of  maltose  slower  than,  the  salivary. 

•  94.  Proteolytic  activity  of  the  pancreas. — The  proteolysis  caused 
hy  extract  of  the  pancreas  differs  from  that  produced  by  pepsin  in 
that  there  are  set  free  amino-aclds  and  tri-  and  di-peptides.  The  smotuit 
of  albamoses  formed  is  relatively  very  little.  One  of  the  amino-acids 
tboB  set  free  is  trj-ptophane.  so  that  tlie  pancreatic  digest  forma  free 
tryptophane,  and  by  this  it  is  easily  distinguished  from  the  digest  of 
the  stomach.  To  show  this  add  to  20  grams  of  hashed,  fresh  pigli 
pancreas  100  e.c.  of  1  per  cent.  NaHCO,  solution  and  10  e.c.  of  a  fresh 
30  per  cent,  aqueous  extract  of  duodenal  mucosa,  add  toluene,  shake 
well  and  allow  to  digest  24  hours  at  40°  C.  At  the  end  of  that  time 
filter  off  a  little  of  the  eitraet;  make  in  a  portion  of  it  n  biuret  teat; 
In  another  portion  test  for  free  tryptophane  in  the  following  way: 
Acidify  about  5  c.c.  of  the  filtered  extract  with  acetic  acid  and  add  to 
it,  drop  by  drop,  a  solution  of  bromine  in  water  (No.  171.  A  violet 
and  pink  color  develops  in  the  presence  of  free  tryptophane.  Wlicn  the 
maximum  color  is  developed  odd  2-3  c.e.  amyl  alcohol  and  shake.  Tte 
color  dissolves  in  the  amyl  alvohol. 

Permit  the  rest  of  the  digestion  mixture  to  digest  and  test  it  froia 
time  to  time  by  the  biuret  t«9L  After  a  few  days  this  will  be  almost 
gone.    When  this  is  faint  remove  from  the  thermostat    Observe  any 
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white  deposits  (tTrosuie  or  leucine)  and  examine  under  the  microscope 
to  eee  Li  they  are  crystalline.  Test  some  of  the  white  matter  by  the 
tyrosine  test.  Ucat  the  remainder  of  the  digestion  mixture,  filter  whii4 
hot  and  evaporate  on  the  water  bath  to  a  small  buUr,  20  c.c.  A  erjTjtal- 
line  crust  and  deposit  will  form  if  the  digestion  has  been  sufficiently 
prolonged.  Identify  tyrosine  and  leucine  in  the  crust.  Tyrosine  crys- 
talUze^  in  halls  of  needle-sliap«d  cryslalB ;  leut-iuu  in  Holid  coiigluiuerates 
hariiig  a  radiate  structure. 

•  95-  Lipolytic  activity. — Take  2  c.c.  of  olive  oil,  3  cc  of  water 
in  a  test-tube.  Shulic  thoroughly.  Then  add  1  drop  of  litmuH  solution. 
The  reaction  will  probably  be  slightly  acid.  If  it  is,  add  now  from  a 
pipette  or  burette  enough  N/10  NaOH  just  to  make  the  reaction  of 
(he  litinu-s  blue.  Now  add  to  this  Iiibe  1  v.v.  of  the  dilute  ah-<jholic  extract 
of  the  pancreas  just  preparetl,  shake  well  a(!ain  and  place  in  thn  beaker 
of  water  at  40°  C.  Shake  from  time  lo  time.  Observe  if  the  lilmas 
changes  to  an  acid  reaction,  due  to  tlie  splitting  of  the  fats  by  the 
lipase,  and  also  observe  if  on  shaking  the  emulsion  becomes  more 
permanent,  the  fat  not  separating  aa  at  first.  If  the  litmus  becomes 
red,  make  it  blue  again  by  the  addition  of  a  little  NaOH  and  place 
in  the  bath  again.  Writ«  the  reaction  for  the  splitting  of  the  neutrat 
fat  by  lipase. 

g6.  The  activity  of  both  amylase  and  lipase  depends  on  the  pres> 
ence  of  salts. — To  show  this  take  the  remnant  of  the  alcoholic  extract 
of  the  pancreas,  place  it  in  a  small  dialyxiog,  parchment  tube  and  dialyze 
against  running  water  for  24  hours.  Then  remove  the  contents  of  the 
tul)e  to  a  beaker  and  teat  the  activity  on  starch  paste  and  on  neulral 
fat  siispcnditd  in  diHlillcd  water.  Make  the  teals  just  as  in  experiments 
93  and  9i>,  but  neutralize  the  olive  oil  separately  by  shaking  it  with 
a  little  sodium  hydrate,  dilute  and  removing  2  ce.  of  the  neutral  oil 
to  a  tube  of  dietilled  water.  Repeat  the  experiment,  having  added  a 
drop  of  CaClj  solution  to  each  tube.  The  activity  should  have  disap- 
peared on  dialysis  and  return  on  the  addition  of  a  little  salt,  such  as 
CaCl,  CNo.  18). 

97-  The  Roberts  method  for  amylase  determination. — Prepare 
100  e.c.  of  a  1  per  cent,  starch  paste  as  per  directions  previously  given. 
Take  10  c.c.  of  this  paste  and  add  90  e.c.  boiling  hot  water.  Oool  to 
40"  C.  and  act  aside  in  the  water  batb  kept  at  40"  C.  Now  at  a  noted 
time  add  1  c.c.  of  the  enzyme  solution  and  mix  well  by  fitirring.  After 
aetinp  for  3  minutes  remove  1  e,c.  of  the  mixture  and  add  thereto  1 
c.c.  of  the  following  iodine  solution  {dilute  03  c.c.  of  the  N/10  iodine 
solution  on  the  side  shelf  with  100  c.c.  distilled  water).  Note  the  time 
when,  on  mixing  Iho  solullons  as  indicated,  a  colorless  or  yeIlowi.sh  solu- 
tion remains.     Hepcat  the  digestion  teats  on  100  cjc.  portions  of  th« 
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dfluf«d  stapch  pafit«  with  vat^iog  quantities  of  the  amylase  solotiw 
until  the  adiromiu  point  is  reschod  in  4  to  6  minutai  after  addition  of 
the  enqonc  solution.  The  activity  is  then  calculated  hy  the  fomrala 
D=10/VX5/°  where  V=volume  of  enxyme  solution  and  n=time  in 
nuDUtes  required  to  reach  the  achromic  point.  D  then  is  the  numher 
of  ex.  1  per  cent  starch  paaie  hydrolysed  to  the  end  point  here  talien. 
in  5  minutes,  hy  1  c.c.  of  Lhe  enzyme  solution. 

Determine  the  relative  activities  of  two  substances  or  solutions  by  the 
above  method. 

98.  Effect  of  hydrogen  ion  on  pancreatic  amylase  action. — Pre- 
pare an  extract  by  grinding  2,5  to  5  prams  fresh  hog  panoreas  with  I 
small  amount  of  sand  and  gradually  add  thereto  100  c.e.  distilled  vrater. 
Strain  through  ehet'sc  cloth. 

Note  the  i-esL-tion  of  thi«  solution  toward  litmus,  methyl  orange 
and  dimRlhylamidoaKoheazeiic.  To  a  15  ce.  portion  thereof  add  one 
drop  of  the  dime1hylrtmidoa7.olM;n7-<ai(;.  mix  well  and  then  add  just,  enough 
of  a  N/20  net  solution  to  render  the  solution  faintly  pink.  Measure  the 
amount  of  N/SO  HCi  added  by  means  of  a  burette.  Now  prepare  another 
Ifi  c.c.  portion  in  the  same  tray  with  the  added  indicator,  but  instead 
of  abiding  tlie  N/20  ITCl  add  a  volume  of  distilled  water  equal  to  the 
volume  of  aeid  added  above.  Mix  each  solution  well  and  determine 
their  relative  activities  by  the  Roberta  metliod  above.  Tabulate  your 
results. 

99.  Effect  of  hydroxy!  ion  on  pancreatic  amylase  action. — To  10 
c.c.  of  tlie  5  per  cent,  panerea.s  solution  add  just  enough  N/10  Na..CO, 
to  render  it  alkaline  to  phenolphthalein.  To  two  other  10  c.c.  portion 
add  an  additional  amount  of  a  Na.CO,  Rohition  to  make  the  concontn- 
tion  of  additional  NaCO,  0.01  per  cent,  and  0.05  per  cent,  respoctivel}' 
(for  20  c.e.  volume).  Dilute  each  wlution  to  30  e.e.  and  e-ompare  the 
three  solutions  with  tlie  original  0.50  per  cent,  pancreattn  solution 
(diluted  with  an  equal  volume  of  water)  for  amylase  hy  the  Roberta 
mctliod. 

loa  Protection  of  pancreatic  amylase  by  carbohydrates. — ^Pre- 
pare an  extract  hy  grinding  5  grama  fresh  hog  pancreaa  with  a  smaD 
amount  of  sand  and  gradually  adding  100  e.e.  water.  Strain  througb 
di«aM  cloth. 

From  the  undilutPid  pancreatic  ©xtraet  above  prepare  the  following 
Bolntiona : 

i»  I  6  o.e.  axtritrt  plim  ID  e.c.  BO  -^  Uiluenc. 

(b)  6  c-c,      ■  "10  C.V.  6w%  Klurtw*  Bulution  +  Mueno. 

it)  See.      "  "     lOc.c.  AOO^  McriinroHe  solution  .j.  tohienc 

Shake  the  contents  of  each  tube  well,  then  allow  the  toluene  layer  ta 
separate  and  at  once  compare  the  activities  of  the  aqueous  solution! 


^K^^^^f          PRACTIVAL  WOKK   AND   MUTHOOS                               013          ^H 

I   by  the  SoberU  method,  using  5  c.c.  thereof  for  10  cc.  starch  paste.         ^^M 

■   Set  the  remamder  of  the  ttolutionK  aside  at  35-40*  C.  for  24  hours         ^^M 

and    text    again    in    the    aame    way.      Which    is    now    the    Rtronger  t          ^^M 

Explain,                                                                                                                       ^^| 

*  loi.     Entcrokinase  and  tripsinogen. — Principle.     The  object  of         ^^| 
this  cxpcnmrnt  is  1o  show  that  a  mixture  of  the  extract  of  the  inteotinal        ^H 
mucosa  and  the  extract  of  the  pancreas  digests  proteins  very  mnoh         ^H 
faster  than  either  alone.    This  Fact  is  interpreted  to  mean  that  there  is         ^^M 
in  the  inteHtiiial  ROfretinn  a  hi'at-senRilive  siil)»taneH,  wliich   has  been          ^^M 
named  enterokinme,  which  ha.s  the  fund  inn  of  acti^'ating  the  inactive         ^^M 
proferment  of  the  pancreas  so  that  it  will  dit^'St  proteins.    The  inactive         ^^M 
proferment  is  called  trypsinogcn.                                                                             ^^M 

Experiment.    Prepare  oO  r.c.  of  a  1  per  cent,  water  extract  of  dried         ^^M 
fa^fre6  hog  pancreas  and  also  25  c.c.  of  a  1  per  cent,  water  extract  of         ^H 
dried,  fat-frcc  ho^r  duodenal  mucosa.                                                                ^H 

Instead  of  the  above,  one  may  prepare  10  per  crait,  water  extracts  of         ^H 
the  fresh  tiis^uos  as  directed  nnder  amylase  above.                                           ^H 

Now  prepare  the  following  mixtures  in  large  test-tubes.                              ^H 

TniN 

rxiraci 

Wmer 

TrvBlnienl                                 ^^H 

lOcc. 

10  C.C. 

0 

lOc.p. 

ia«.e. 

0 
5  c.c. 
fi  r.c. 
S  ce. 

Sec. 

(boiird) 

OCX. 

ft 
I  ft  CO. 

» 

K«:p  nt  40*  C  for  20  min.           ^H 

(Hfnt  iiJ  lH)i1in|[  water   for           ^^^| 
S   min..  cool  tn  40'  0  nnd            ^^H 
kc«l»  Bt  40"  lor  20  min.                 ^H 

tnp  at  40°  C  for  SO  min.            ^| 

b 

To  each  tube  now  add  5  e.e.  10  per  cent.  Na,CO,  solution  and  mix          ^^| 
well  immediatfly  after  the  addition.    Now  add  to  each  tube  the  same        ^^M 
amount  C  about  the  rIw  of  a  haa^I-mit)  of  well-washed  fibrin.     Agitate         ^^M 
well  and  digest  nt  40*  C.    Note  the  chnnir^s  in  2  to  40  minutes.    Tube  b         ^^m 
should  digest  very  much  faster  than  the  others.                                            ^H 

*  I02.    Determination  of  the  optimum  alkalinity  for  tryptic  dig«^        ^^1 
tion. — Principle.    The  object  of  this  experiment  is  to  determine  whether         ^^M 
trypsin  digests  better  in  an  acid  or  alkaline  medium,  and  what  the         ^H 
optimum  concentration  of  alkali  or  acid  is.                                                       ^H 

Ej'periment.                                                                                                          ^^M 

a.     The  i>ph"niwm  A'OjCO,  con«cn(ro(toji  for  iriip^n  action.    Prepare                1 
100  cc.  of  an  activated  trypsin  solution.     Take  5  c.c.  samples  and  add          ^H 
thereto  14.5;  14.0;  13.5;  13.0;  12.5;  12.0  and  11.5  c.c.  water,  and  0.5;        ^H 
1.0;  1.5;  2.0;  2.5;  3.0  and  3.5  cc.  N  Na,CO,  aolution  respectively.    Add              J 
the  watfr  first.    Shake  well  ironirdiatcly  after  each  addition  and  add         ^^M 
to  ea<A  a  piece  o£  weU-wasbcd  tibrin  about  the  ^oinmc  of  a  bozdnnt.        ^H 
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Digest  at  3!>-40''  C.  Calculate  the  concentratiou  in  Na.00i  in  each  case 
above  and  note  the  optuoutn  voneuotrution  for  trypKin  action. 

b.  Egcct  of  hydrogen  iota  on  trypsin  action.  In  the  same  way  n 
above  determine  the  effect  of  adding  to  15  e.c.  of  the  activated  trypsia 
fiolutiou  14.9;  14.8;  14.7;  14.6  and  14.5  c.c.  wat«r,  and  0.1;  0.2;  0.3; 
0.4  and  0.5  N/10  nCl  respectively. 

103.  Protective  action  of  faydrolyzed  protein  on  trypsin. — Ques- 
tion: Does  trypsin  unite  with  proteins  when  it  is  aeting  on  tliemT  To 
solve  this  we  look  to  see  if  the  presence  of  hydrolytic  cleavage  prodaela 
makes  the  enxyme  more  stable.  Tlie  experiment  is  obviously  far  from 
being  conclusive.  At  the  best  it  is  but  an  indiestion.  OH  ioua  should 
bo  the  same  concenlratioD  in  each  tube. 

Experiment.  Prepare  50  e.r.  of  a'rtivatctl  trypsin  Kohition,  take  two 
10  c.e.  portions  and  add  0.4  v.e.  N  iNa.('0,  solution  to  cavh.  Next  dilute 
one  by  adding  10  c.c.  water  and  (0  the  other  add  10  c.c.  lYitte's  peptone 
solution,  also  add  a  fow  drops  toluene  to  oseh  and  mix  well.  Now  test 
each  quolitatively  as  in  previous  experiment,  but  set  aside  about  one-half 
of  the  enzyme  mixture  at  3540°  C.  for  12-24  hours.  Tlien  again  teitt  in 
Uie  same  way  for  tryptlc*  activity.     DiseiisJi  your  rcmilta. 

*  104.  Steapsin  is  destroyed  by  heat  and  its  activity  is  greater  in 
the  presence  of  bile. — Prepare  100  c.c.  of  a  10  per  oont.  water  extract  of 
fresh  hog  pan^'reas  by  grinding  in  a  mortar  with  sand  and  gradnally  add- 
ing the  water.  Saturate  with  toluene  and  set  aside  for  24  hours.  After 
standing  for  24  houni,  strain  through  ehoeae  cloth  and  make  the  follow- 
ing testR.  adding  one  drop  toluene  to  each  tube  and  digesting  at  87-40* 
for  24  hours.  Use  large  test-tubes  all  of  the  same  diameter.  After  the 
digestion  shake  in  ice  water,  add  a  drop  of  phenol phthalein  and  titrate 
with  N/20  NaOH  until  a  permanent  pink  remains.  Shake  well  %o)iiU 
titraiing.    Why  shake  wellf 


T^be 

OlUn  nil 

W«lirr' 

OiIiM  wtdUton 

Bniyn*  toluUea 

11     ...  . 
b     ... 

0.6 

n.5 

0 

0 
0.S 
0.5 
O.fl 

0 

n 

4.5 

-I.S 
4.S 

4.5 
fl.5 
S.S 
.1.5 
8.5 
.3.5 

0 
a 
0 
0 

0 

1  c.c  bilv 
J     ff     .« 

1     ■•     '■ 

1     .i     «. 

5  e.e. 

Sf.C, 

4 

"     boiled 

e    

f    ... 

g  .   ■ 

li 

1                          . 

0 
0 

5  0.B. 

0 
Sec 

Record  for  each  tube  the  amount  of  NaOH  necessary  to  nentralieo  the 
fatly  aeid  set  free  hy  the  action  of  lipase. 

105.    Following  the  course  of  a  protein  digestion  by  trypsin  by 
forxnol  titration  (Sorensen  method).— Obicc(.-  This  experiment  illus- 
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Irates  a  very  impoi-tant  method,  that  of  lormol  tttration  of  amiuo-acid^ 
(see  page  363),  and  at  the  same  time  affords  a  proof  that  in  the  coarse 
of  a  proteolytic  hydrolysia  there  is  a  steady  inercaao  in  the  number  of 
fi-ce  amino  ;groups. 

Experiment.  The  Soreusen  method  depends  on  the  amiuo-actds  hav- 
ing their  basic  character  detitroycd  by  the  formaldehyde  and  thus  bring- 
ing about  a  gi-catcr  ioniration  into  H+  and  RCHN  ( :ClIj)  COO  -.  Con- 
sequuntly  the  greater  the  concentration  of  the  amino-acids  produced  by 
the  hydrolysis  of  the  prot«in  the  greater  the  acidity,  and  thus  from  a 
measure  of  the  increased  acidity  we  have  a  measure  of  the  degree  of 
hydrolysis. 

Prepare  40  o.e.  of  a  10  per  cent,  extract  of  fresh  hog  pancreas.  Also 
prepare  10  c.c.  of  a  10  per  cent,  extraet  of  duodenal  mucosa  nnd  mix 
the  two. 

Take  10  c.c.  of  the  above  and  add  to  100  c.c.  of  a  4  per  cent,  caaein 
solution  in  0.5  per  cent.  NaiCO,  solution.  Immediately  after  mixine 
remove  25  c.c.  by  means  of  a  pipette,  then  add  10  c.e.  neutralized  forma- 
lin (a  40  per  cent,  formaldehyde  solution  rendered  neutral  toward 
phcnolphthalein  by  adding  N  NaOU) ,  and  set  aside  the  remaining  solution 
6t  35-40'  C.  Titrate  the  25  c.c.  sample  by  N/10  NaOH  or  EtCl,  as  the 
ease  may  be,  using  phouolphthalcin  as  indicator.  At  the  end  of  \%  IVi 
hours  and  24  hours  remove  25  e.c.  samples  and  titrate  these  in  the  same 
way.  Explain  your  results  and  write  the  reaetiona  involved  in  the  titra- 
tion.   Why  not  use  co«ko  roil  as  itidirjitor  heret 

io6.  Invertin  in  intestinal  mucosa. — Prepare  100  o.c  of  a  10  per 
cent,  water  extract  of  fresh  intestinal  mucosa  in  the  same  way  as  directod 
for  pancreatic  amylaac  above.  Detect  invertin  in  this  solution  by  aecing  if 
an  addition  of  2  per  cent,  of  cane  sugar  to  10  c.c.  of  this  solution  and  with 
the  addition  of  one  drop  of  10  per  cent,  acetic  acid  will  give  rise  to 
glucose. 

107.  Erepsin  in  duodenal  muco&a. — To  10  c.c.  of  the  above  extract 
add  in  a  tiask  50  c.c.  of  a  2  per  cent,  peptone  solution,  add  1  e.c.  toluene 
and  shake.  Prepare  another  mixture  in  the  same  way.  but  boil  the  intes- 
tinal extract  first.  This  will  be  Ihe  control.  At  once  remove  exactly  10 
C*.  from  each  flask,  add  phcnolphthalein  and  titrate  with  N/10  HtSO^ 
or  N/10  NaOII  to  the  neutral  point.  Now  add  fomuUn  u  in  experiment 
105  and  titrate  the  acidity  which  develops.  Keep  a  record  of  your 
results.  Place  both  flasks  in  the  incubator  at  37'  and  remove  10  c.e. 
portions  and  titrate  this  same  way  sfler  a  period  of  digestion  of  3  honrs. 
24  honrs  and  48  hours.  II  erepsin  is  pi-esent,  there  should  be  a  diges- 
tion of  the  peptone  with  the  setting  free  of  amino-acids  and  dipcptides, 
and  (he.'^e  will  be  detected  by  the  acidity  which  develops  when  formalin 
is  added. 
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The  bile  has  very  little  digestive  action,  ils  main  function  being  to 
a«t  in  CO  operation  with  the  pancreatic  and  duodcual  juices  and  to  sasisl 
in  atxiorption,  particularly  of  Ibe  fats.  It  is  also  on  excretory  sul>- 
stance.  The  eonstitucnts  wbich  arc  important  in  digestion  and  ftbwnp- 
tion  are  tbe  bile  salt£,  sodium  f>lycocholatc  and  laurocholate,  and  tin 
alkali,  sodium  carbonate.  Its  pigtuents  make  it  very  striking.  So 
Oar  as  known  tliese  are  excretionx  and  tiave  no  function.  Tlie  bile  con- 
tains also  some  pliospliatidc  and  rliolcslerol. 

*  108.  The  physical  properties  of  bile. — Obtain  25  c^,  ox  bOo. 
(Note — This  is  best  kftpt  and  transported  in  the  lifiated  gall  bladders.) 
Note  the  spceific  gravity,  the  viscidity,  slimy  character,  the  taate,  smeU 
and  color.    Test  its  reaction  to  litmus  paper  and  to  phenolphtfaaleiti. 

log.  Powers  of  solution. — ^To  5  c.c.  of  bile  in  a  teat-tube  add  0.5 
C.O.  of  oleic  acid  aiul  shake.  TIte  oleic  acid  partially  dissolves  and  is 
held  in  Rolution  in  the  bile. 

no.  To  5  c.c.  of  fresh  bile  in  a  test-tube  add  a  little  dry,  powdered 
cholesterol,  about  the  amonnt  on  the  point  of  a  knife.  Warm  for  25 
minut-es  at  38°.  The  chole8t«ro!  dissolves.  Bile  is  the  only  body  fluid 
which  has  the  power  of  dissolving  cholesterol. 

*iii.  Reactions  by  which  its  pigments  can  be  detected. — Tb9 
bile  pigments  have  th(t  property  whon  oxidized  of  passing  Uirough  a 
series  of  brightly  colored  compounds,  finally  becoming  yellow.  Tbe 
final  yellow  color  is  called  cliotetelin.  Bilicyanin,  a  blue  color,  and 
bilifuscin  are  intermediate  osidation  products.  The  two  principal  pig- 
ment* of  the  bile  are  biliverdio,  C„Hj|,N,0,(f).  and  bilimbic, 
C„H„N,04(?),    Bilirubin  by  oxidation  is  converted  into  biliverdiu. 

*  tia.  Cmelin's  teat  for  bile  pigments. — This  test  may  be  tried  In 
rarious  ways.  It  depends  on  the  oxidation  of  the  pigments  by  eoneeo- 
trated  fuming  nitric  acid:  i.e.,  nitric  acid  contoining  some  nitrous  acid. 

a.  Place  a  thin  layer  of  bile  on  a  porcelain  dish  and  place  on  it  a 
drop  of  fuming  nitric  acid.  The  drop  becomes  surrounded  by  a  aeries 
of  various  colors,  bine,  pink,  orange,  etc. 

b.  Place  3  c.c.  of  fnming  nitric  acid  in  a  tcst-tnbc  and  carefully 
place  above  it  a  layer  of  bile.  On  agitating  very  gently  a  series  of  col- 
ors develops  at  the  zone  of  contact.  Repeat  this  tent,  diluting  the  bile 
many  times  with  water. 

*  113.  Huppert-Cole  test  for  bilirubin. — To  about  50  c.c.  of  dilntad 
bile  add  an  excess  of  baryta  water  or  milk  of  lime.  The  bilimbin  is  pre- 
cipitated as  an  insoluble  barium  or  ealcium  compound.  Tt  cohere*. 
Allow  to  settle.  Remove  most  of  the  supernatant  litinid  with  a  pipette, 
transfer  the  remainder  t«  a  small  filter.    Hemore  the  precipitate  front 
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the  Biter;  plac«  it  in  a  test-tu1)«;  add  about  5  c.c.  of  95  per  cent  alcohol, 
2  drops  of  strong  sulphuric  acid  and  2  drops  of  a  5  per  ''ent  aolution 
of  potassium  chlorate  and  boil  for  a  minute.  After  the  settling  of  the 
pr4!i-ipi1ate  of  culviuni  or  barium  sulphate,  the  supcrnntnut  liquid  will  be 
an  emerald  or  blue-green. 

114.  Hammarsten's  reaction  for  bilirubin. — Take  oue  volume  of 
the  ai-id  mixture  (see  below)  aud  add  to  il  i  volumt-'S  alcohol.  If  a  drop 
of  a  solution  containing  bilirubin  is  added  to  a  few  c.c.  of  tliis  mixture, 
a  beautiful,  permanent  green  color  at  oni^c  (k-vclops.  By  the  adilition 
uf  more  of  the  acid  mixture  to  Uie  greeu  solution  the  i)tbvr  colore  of 
Gmclin'fi  t«st  to  choktclin  can  bo  obtained.  The  acid  mixture  should 
be  prepared  beforehand.  It  is  made  by  mixing  1  volume  of  nitric  acid 
aud  19  volumeu  uf  HCl,  each  aeid  beiug  about  25  per  cent,  in  strength. 
It  is  uKed  when  it  has  become  yellow  by  standing.  It  will  keep  at  least 
a  year. 


THE  BILE  SALTS.     80D1UU   SALTti  OP  QLTCOCHOLIC  AND  TAUBOCHOUIC  ACIDS. 

115.  Preparation  of  glycochoUc  acid. — From  some  Liles  rich  in 
glyehocolie  acid  the  aeid  will  crystallize.  Place  100  r.c.  of  ox  bile  in 
a  Ktoppered  cylinder,  add  5  c.c.  of  eon.  HCl  and  12  c.c.  of  ether  and 
shake  vigorously.  Put  aside  in  a  cool  place.  In  some  cases  the  glyco- 
cbolic  acid  will  crystallize  out  in  a  few  loiuutes  or  hours.  If  this  does 
not  happen,  make  the  solution  faintly  alkaline  with  sodium -hydrate 
solution  and  precipitate  the  glycocbolic  acid  hy  lead  acetate  or  ferno 
chloride.  Filter.  Decompose  the  precipitate  with  a  small  amount  of 
soda;  filter;  and  treat  the  solution  with  HCl  s^  that  it  is  plainly  acid. 
GlyeoohoUc  aeid  should  crystallize  out.  It  may  be  recryataltized  from 
hot  water. 

*  1 16.  Preparation  of  bile  salts.  Platner's  bile.— Mix  40  c.c.  bile 
with  enough  powdered  charcoal  lo  make  a  thiu  paste,  about  10  grams, 
and  evaporate  to  dryness  on  the  water  bath.  Grind  the  residue  in  a 
mortar,  traoHFcr  it  t^  u  flask  and  extract  it  witli  about  75  c.c.  of  absolute 
alcohol  by  boiling  it  on  the  water  bath  for  a  few  moments.  Cool  and 
filter  through  a  dry  filter  into  a  dry  beaker.  Add  ether  to  the  alcohol 
until  a  pLTinHuent  cloudiness  results  aud  put  in  a  cool  place,  covering 
tlie  Ix^ak^r  witli  a  plate.  The  btic  salts  should  er>'8talHze  out  as  long 
needles,  or  a  tliick  bard  ma&s.  At  times  their  erystalUzation  is  delayed. 
Filter  off  and  dry  In  the  desiccator. 

Dissolve  in  water  a  little  of  these  salts  for  the  teste  for  bile  salte 
which  follow: 

•  117.  Pettcnkofcr's  test  for  bile  salts. — ^To  5  c.c.  of  the  aolution 
of  bile  salts,  or  diluted  bile,  in  a  test-tube  add  a  small  crystal  of  cane 
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sugar  and  sbakc  until  dussolvcd.  Then  holding  the  tube  incliaed  allow 
concentrated  sulphuric  acid,  about  5  c.c,  to  i-un  down  beneath  the  bU« 
salt  solution.  In  tho  preaeuoe  o£  the  salts  there  develops  at  the  plut 
of  junction  a  purple  color.  This  reaction  is  the  same  as  the  Moliseh  reac- 
tion, onl^'  iu  this  case  vre  use  the  bile  salts,  the  cholic  acid  pnrl  of  liM 
molecule,  aii  the  chromogenic  substance  in  place  of  o-naplithol.  The 
reaction  la  due  to  the  production  of  methoxj-  furfural  or  furfural  from 
the  sugar  by  the  sulphuric  acid  and  the  union  of  tliis  with  the  bile  acid 
to  give  the  color. 

Not« — Tbii  reaction  h  kIw  givm  as  RMpail't  r«actiim  bj  Mou  f»t^  aeUtt 
BXitwly,  by  Ibun-  ul  HpUio^tiiiM:  and  Icvitbin. 

*  iiS.  Hay's  test  for  btle  salts. — Bile  salts  like  soaps  have  the  prop- 
erly of  greatly  lowering  the  surface  tension  of  water.  This  may  be  used 
as  a  very  delicate  test  for  their  presence,  although  it  is  of  course  not 
^eci£c.  Prepare  two  perfectly  clean  beakers  and  fill  them  about  half 
full  of  perfectly  clean,  not  greasy  or  soapy,  water.  To  one  of  them 
add  a  little  of  tlte  bile  salt  solution.  Now  sprinkle  on  the  top  of  each 
some  flowers  of  sulphur.  If  the  water  is  clean,  the  sulphur  will  Qoat 
on  the  top  of  one,  but  will  sink  in  tbe  one  to  which  the  bile  has  been 
added,  owing  to  the  lowering  of  its  surface  tension. 

*  iig.  Bile  salts  precipitate  proteins. — The  bile  salts  liavc  the  prop- 
erty, common  to  many  acids,  of  forming  insoluble  precipitates  with 
tlie  proteins.  Slightly  acidify  a  filtered  solution  of  Witte's  peptone, 
about  1  per  cent,  solution,  and  add  to  it  a  drop  or  two  of  bile  salt  solution 
or  of  diluted  bile.  A  white  precipitate  should  form.  The  bile  probably 
thus  precipitates  and  unites  with  the  proteins  in  the  chyme  when  it  ii 
discharged  from  tlie  pylorus. 

130.  Cholesterol  in  bile. — Kvaporate  10  r.c.  bile  to  dryneaa  on  tba 
water  bath.  Extriwt  twice  with  small  quantities  of  ether  and  evaporate 
the  ether  extracts  to  dryness  in  another  dish.  DO  NOT  WORK  NEAB 
A  PLAME  WHEN  USINO  ETHER.  CARRY  ON  Al.h  SUCH  WOBK 
ON  THE  STEAM  BATH.  Dissolve  the  residue  left  from  the  ether  solu- 
tion in  about  2  c.c.  chloroform  and  apply  the  Salkowski  test. 


INTESTINAL  PUTREFACTION  PRODUCTS. 

The  large  intestine  contains  myriads  of  bacteria  which  act  npon  tb« 
food  products  and  iuteslinal  secretions  which  have  escaped  absorption, 
and  produce,  by  fermentation  and  putrefaction,  various  products,  ooma 
of  which  arc  offensive  and  harmful.  Among  these  products  which  give 
to  feces  their  characteristic  odor  are  indole  and  sratole.  The  method 
of  separating  these  substances  from  tlie  feces  is  by  distillation.  This 
method  and  some  of  the  properties  of  these  bodies  are  illustrated  in  tlie 


I 


PRACTICAL  WORK  AND  METHODS  «29 

followiug  «xperiin(>Qt«,  but  instead  of  using  feces  a  putrefying  protein 
solution,  blood,  or  fibrin,  or  albumose,  is  us«d  instead. 

•  131.  Obtain  100  c.c.  putrefied  protein  from  the  storeroom.  DiatiU 
off  aboat  50  cc,  umng  a  trater-cooled  condenser.  It  may  be  nuccssar}-  to 
coagnlate  and  filter  before  conducting  (lie  dJatillatioD. 

Acidify  th«  distillate  with  bydrocblorie  acid  and  extract  three  timos 
in  a  separately  fmmcl  witb.  20  cc.  ether  each  time.  Allow  the  ether 
extract  to  evaporate  spontaneously.  Save  also  the  aetd  aqueous  layer 
for  the  work  below. 

Dissolve  the  residue  from  the  etlier  extract  in  about  10  c.c.  water, 
if  neces&ary  and  leal  for  phenol  and  cresot  and  for  indole  and 
seatole.  t'or  tlie  two  former  apply  the  Millon  teat.  To  another  portion 
add  saturated  bromine  water,  a  ct^j'stallinc  precipitate  indicates  tribrom- 
phenol  and  trlbrom-eresol  formation.  -lau..  ii. 

Indole  gives  a  red  coloration  by  the  glyoxylic  acid  -f-H,SO,  test, 
and  a  violet  blue  with  formaldeliyde  +iI,S04.  Scatole  requires  the 
liddition  of  a  drop  of  very  weak  KcCI,  solution  (or  other  oxidizing 
agent]  to  give  the  test  with  formaldehyde  -f  H,SO».  Apply  these  lesla 
on  1  c.c  portions  of  your  solutiou  above  (Dakio,  Jour.  BioL  Chem.,  VoL 
IL,  1907,  p.  289). 

With  para -dimethyl -amid  o-bcnKahlebydc  indole  gives  a  red  color 
which  bucomes  darker  red  on  the  addition  of  tHidium  nitrite.  Scatole 
yields  a  blue-violet  color  before  adding  tlie  nitrite  and  a  deep  blue  after 
addition  thereof.  This  blue  color  may  be  extracted  by  cblorofona 
(Stecnama,  Zeita.  f.  pkysiol.  Chem.,  Vol.  XLVII,  1906,  p.  25). 

The  original  acid-water  solution  above  may  contain  solphides  aud 
ammonia.  Test  directly  for  sulphides  therein.  Concentrate  the  remain- 
der  of  the  solution  to  about  5  or  10  cc.  and  test  the  same  for  ammonia. 

The  graphic  formulas  of  indole  and  scatole  are  given  on  page  44L    ■ 

THE  BLOOD. 

Vertebrate  blood  consists  of  a  liquid  called  the  plasma,  which  holds 
in  suspension  a  vast  number  of  small  bodies:  the  red  corpuscles,  the 
white  corpuscles  and  the  blood  platelets.  There  are  in  1  cnun.  of  human 
blood  about  5,500,000  red  corpuscles  aud  8,000  whites.  The  plasma  con- 
atfija  of  water  holding  in  solution  about  6  pi^r  cent,  of  coogulable  protuitis, 
scrum  globulin,  fibrinogen  and  scnim  albumin, — salta,  a  little  glucose 
(about  0.1  per  cent.)  and  a  great  number  of  otier  subatanccfi,  amino- 
acids,  urea,  etc..  which  arc  present  in  very  small  quantities.  The  red 
corpust^les  owe  tlieir  color  to  hemoglobin,  a  protein  having  the  power 
of  forming  a  loose  union  witli  uxygi-n  and  which  earricu  oxygen 
to  the  tissues.    The  number  ot  white  and  red  corpuscles  varies  under  dif< 
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forent  conditions  of  liealth  and  their  Dumber  often  fumifihos  a 
&ble  means  of  diaguosing  disease  and  of  allowing  the  state  of  health  at 
diaea&e  of  the  blood.  For  this  reason  simple  and  expeditious  method* 
have  been  dcvisud  for  the  detenuination  of  the  number  of  white  and 
rod  corpuscles  in  the  blood  and  of  the  amount  of  hemoglobin,  and  alM 
of  tlie  relative  amount  of  corpuscles  and  plasma.  The  study  of  thr 
blood  may  be  begun  with  the  determination  of  these  factors. 

193.    Determination  of  the  number  of  red  corpuscles  in  the  blood 
Method  of  using  the  hemacytometer  of  Thoma-Zeiss. — The  apparatus 
consists  of  two  pipettes  for  diluUou  and  a  slide  ruled  in  squares.     The 
pipette  for  the  determination  of  the  red  corpuseles  dilutes  the  blood  lOO 
times;  that  for  the  white,  10  times.     Prick  the  finger  and  when  a  gwid 
drop  of  blood  has  collected  draw  it  up  into  tlic  pi]>ette  for  tlic  reds  to 
the  mark  1.    Wipe  the  blood  off  the  exterior  of  the  pipette  and  then 
draw  up  quickly  some  Ilaycm's  solution  to  the  mark  101.    Mix  the  coo- 
tents  thoroughly  at  once  in  the  bulb  by  shaking  the  pipotto  back  and 
forth  so  that  a  tmiforra  suspension  of  corpuscles  is  obtaJncd.    Allow  som< 
of  the  mLitUTQ  to  flow  out  of  tlie  pipette  and  llien  ti-amfer  a  small  drop 
to  the  ruled  platform  of  tlie  cell.     But  before  doing  Uii&  seu  that  Iht 
cell  is  perfectly  clean  and  that  there  is  no  dust  either  on  the  slide  or 
the  cover  slip.    The  drop  should  be  so  large  that  when  the  cover  slip 
is  put  on  it  docs  not  go  into  the  moat^  but  completely  covers  the  ruled 
platform.    Allow  the  slide  to  stand  for  a  few  moments  for  the  corpuscles 
to  settle  and  then  count  IG-HO  of  the  small  squares,  beginning  at  one 
corner  and  going  straight  across  the  cell  and  then  the  next  tier  and  so 
on.     The  average  number  of  corpusetes  per  s«]iiare  is  determined.     Tb« 
squares  arc  ruled  so  that  each  s^^uarc  is  one-fourhundredth  of  a  square 
mm,  aud  the  deptli  of  the  space  above  the  ruled  platform  is  one-tenth 
of  a  mm.,  so  that  each  square  represents  the  number  of  corpuscles  in 
one-four-thousandth  of  a  c.mm.    This  number  multiplied  by  4,000  and 
by  100,  since  the  sample  of  blood  was  diluted  1(K)  times,  gives  the  num- 
ber of  red  corpuscles  in  1  comi.  of  blood.    Uaycm  's  solution  in  the  fotlovr- 
iog:  Xa.SOt.  5  grams;  HgClu,  0.5  gram;  NaCI,  1  gram;  distdllcd  water, 
200  cc. 

The  determitiation  of  the  white  corpuscles  ia  made  in  a  similar  way, 
except  that  tlie  oUier  pipette  is  u&ihI  whicli  dilutes  only  10  limes.  It  a 
filled  with  blood  to  tlje  mark  1  and  tlien  the  point  is  wiped  off  and  si 
once  the  solution  of  0.5  per  cent,  acetic  acid  is  drswu  up  to  the  mark  11. 
and  the  blood  mixed  witli  the  solutJon  by  shaking  and  rotating  the  pi- 
pette. It  is  necessary  to  work  rapidly  to  prevent  the  clotting  and  sticking 
together  of  the  corpuscles.  It  is  difScutt  to  get  a  uniform  distribution  of 
the  corposeles,  After  thorough  mixing  place  on  the  slide  as  before  and 
coimt  the  corpuscles.    The  red  corpuscles  are  dissolved  by  the  acid  and 


PRACTICAL  WORK  AND  MBTBODS 


Oil 


\ 
I 

I 

I 


the  whites  are  fixed.  The  niimber  per  square  multiplied  by  40,000  gives 
the  number  of  cgrj>uscle3  per  coam.  It  is  well  to  count  tiie  wliole  of  Q 
large  s<|uare.    Tliis  tietertiunation  ig  a  diffleult  one  to  moke  ootiuratety. 

123.  Oliver's  hemacytometer.— The  Thoma-Zeiss  metliod  ol  directly 
counting  the  corpuscles  is  trying  on  the  eyes  and  cousuwes  mueh  time. 
A  simple,  accurate  clinical  method  of  detciTuijiiug  thu  number  of  red 
corpuscles  is  that  of  Oliver.  The  principle  oC  Uiis  mutliod  consistA 
ill  diluting  a  given  amount  of  blood  with  a  iwlution  until  the  Hame  ot 
a  candle  makes  ^ust  the  imago  of  0.  line  through  it.  The  apparatus  ts 
simple.  It  consists  of  a  mcfumring,  capillary  pipett«,  a  pipette  like  a 
madicine  dropper  and  a  test-tube  graduated  and  having  a  rectangular 
cross- Keetiou.  The  method  of  uaing  this  apparatus  is  described  by  Cabot 
as  follows: 

Clean  und  dry  tti«  capillnry  pipatta  by  drawing  through  it  •  needle  carrying 
tlircttd  or  donung  ovtt«n  Mitiimtcd  with  water  and  then  »-illi  alcohol  nnd  «tber. 
Uliii  DiinliciDe  dropper  ii  then  filled  with  Hayem'i  ioluliim.  Tho  cMpilJnry  pipRiu  i* 
th«D  Bllcd  with  blood  ill  the  ii^ual  wny,  any  mp^rtluoDi^  b|i>od  on  t)i»  outside  beinf 
quickly  removed,  the  pipette  connecU'il  nt  Cho  blunt  cixl  vith  the  rubber  on  the  end 
nf  the  tncdidno  dr»|>pvr  And  thv  blooil  wuHhwl  uut  by  rkwds  of  tlie  Hilj-vri'ii  MOlution 
into  tlio  grndiuttcd  tvat-tubc.  If  Uiu  pnn-ioue  hciii«t>lohiii  uslioiitlivn  hma  •hown 
nt-urly  till'  iiuiiual  aiuuunt  of  LuiiioglabiD,  Uie  blood  may  now  iM  diluted  to  about  80 
irilb  iluycm'a  suLuUfn.  Hold  it  in  the  band  in  Ui«  mannor  indicntvd,  witli  t^e 
thumb  aud  flrtt  tliig«i'  extending  up  the  »idc»  of  the  tuhv.  aud  liolditig  thi.'  liibo  c)u*o 
to  the  eye  in  o.  dnrk  room  nnd  about  DID  fi-ot  from  tlie  unall  wax  (Chrlfttnuta) 
candle,  ece  if  the  injogi'  nf  the  cniidlu  buUdtnly  uppcuiti  ils  a  bright  lino  aciMS  tbo 
tubci.  Dilut«  by  adding  a  tew  drops  ol  Uayem'a  solution,  hold  thu  Unger  over  tho 
mouth  of  titc  lube  and  invert  unc«  or  twice,  wiping  each  time  tlic  thumb  on  tbe 
luuuUi  lil  till:  tubu  »o  that  Uie  liquid  sticking  to  it  giM-M  back  in  the  tube,  and  continaa 
dilutuig  and  teotiiig  uutil  thi.'  bright  linn  nuddenly  appeara.  This  dilution  is  Riich 
that  the  solutinn  contains  appnjxiuiatrly  &2  coipuiclcB  to  30  aquorvs  of  the  Tliuma- 
2*iM  counter.  If  enough  lluld  has  been  added  to  Ti\akv  Uw  voliime  in  tho.  tube  100, 
tho  blood  contnins  S.OOO.ODD  oorinisclee  per  cmm.  If  it  hna  been  ncoeaoary  to  ^lat« 
it  to  BO,  It  will  conUin  8U  per  cent,  of  5,000,000  or  4,000.000;  if  only  diluted  to 
fiO.  tlic  number  Is  2,300,000.  Hie  yalucs  obtaiucd  by  tliin  instrument  with  huimin 
blood  after  a  little  practice  are  uiually  correct  witJiitt  1  per  «cot.  unlciw  a  very 
great  uiunber,  100,000  per  c.nim..  or  more,  luuoocyte*  aro  present  when  aoin^what 
higher  flgurei  are  obtaincil.  Tlic  tube  held  in  the  hand  in  the  niitnuer  indicated 
•huU  oS  with  tlio  hand  the  light  of  the  candle,  exoppt  that  eomlng  through  Urn  tube. 

144.  Hematokrit  method. — In  thia  method  Ute  relative  volume  of 
plasma  and  corpuscles  is  determined  by  the  separation  ot  the  corpuscles 
by  rapid  ecntrifuffalization  in  a  Dalaud  hematokrit.  The  finger  or  ear 
13  pricked  and  a  sample  of  blooil  is  Huckcd  up  into  tht;  t-apillary,  gradu- 
ated tube  of  the  hematokrit.  Tlie  lube  must  be  cxHcHy  tilled.  To  do 
tliia  grease  tho  first  finger  witli  a  little  vaseline  and,  as  won  as  the  tube 
Is  removed  from  the  blood-drop,  slip  Ihi;  greasetl  finger  tightly  over  the 
end.    Uoldiug  it  there,  deUch  the  rubber  tube  from  the  other  end  and 
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slip  the  tube  into  the  hcmatokrit,  vrith  the  beveled  end  toward  the  uu 
of  rotatiou.  An  empty  tubf  has  previously  been  pul  luLo  the  other  nde 
of  the  centrifuge  for  balaucing  purposes.  Now  rotate  the  centrifuge  for 
two  minutes  at  the  rate  of  70  revoUitiomt  of  the  handle  per  minute  If 
Uie  work  has  Inxu  rapidly  (loiic,  Uic  blood  is  centrifaged  before  it  hu 
clotted,  the  corpuscles  arc  packed  as  a  solid  plug  at  the  outer  end  of  tlu 
tubv.  They  make,  as  a  rule,  in  normal  blood  about  40  per  ccnL  of  tit 
length  of  tJic  tube.  This  corresponds  to  about  5,000,000  corpuscles  pti 
c.mm.  Since  many  factors  inSuence  the  volume  of  the  corpuscles,  tiu 
method  is  not  aeeurate  for  delcrmining  the  number  of  corpuscles.  Tlie 
centrifuge  used  for  the  purpose  is  noisy,  crude  and  generally  lU' 
satisfactory. 

Determination  of  hemoglobin.— The  moat  convenient  clinical  method 
for  this  purpose  is  that  of  Tallqvist.  The  most  elaborate  is  that  of 
von  Fleiscbl,  but  as  the  latter  method  is  inaccttrate,  cumbersome  sad 
expensive,  it  possesses  uo  superiority  over  and  shonld  be  replaced  by  the 
Tallqvi&t  and  Dare  methods. 

125.  Tallqvist  method. — The  advantage  of  this  method  is  its  <^t*p- 
nciss,  the  Tailqvist  scale  costing  but  $1,125,  aud  its  extreme  simplicii;. 
A  determiuation  of  the  hemoglobin  within  at  leaat  10  per  cent,  cao  be 
made  at  the  bedside  and  in  a  few  moments.    A  drop  of  undiluted  btottl 
is  soaked  into  a  piece  of  filler  paper  and  after  a  moment  or  so,  sad 
before  it  hus  dried,  it  is  matched  vrith  the  color  of  ttic  scale  agaiost 
a  white  background  aud  in  ordinary  da>-light.     The  scale  has  bees 
carefully  prepared  by  matehiug  the  tint  of  blood  of  various  degrees  of 
anemia  and  hnowB  hemoglobin  content  when  soaked  into  filter  paper, 
The  colors  were  litliographed  aud  the  lithographed  scale  bound  ap  with 
50  pieces  of  filler  i)aper.     It  ean  easily  be  slipped  in  the  pocket.     Tb« 
errors  are  not  greater  than  with  the  von  Fleiscld  apparatus  in  the  usosl 
hands. 

126.  Oliver's  hcmoglobinomcter. — This  has,  in  general,  the  aiuat 
principle  as  the  foregoing,  but  uses  diluted  blood.  The  capillary  pipette 
is  filled  with  blood  from  a  pricked  car  or  finger  and  washed  as  in  the 
case  of  the  heraatocytomotcr  into  the  cell  by  some  water.  The  cell  ti 
tlien  filled  with  water,  the  cover  put  on  so  that  only  a  very  small  bubble 
remains  under  the  cover  slip,  to  show  that  it  is  not  overfull,  and  oom- 
pared  with  the  wale.  The  color  of  the  eel!  is  matched  with  the  colon 
of  the  scale.  Two  riders  are  supplied  which,  when  placet]  above  the 
scale,  make  the  tint  somewhat  deeper  and  so  increase  the  number  of 
sobdivistons.  For  example,  if  thr  liiimplc  has  a  tint  betwen  80  and  90, 
a  rider  placed  on  80  makes  it  85.  If  the  teat  eonics  hetwoen  85  and  90, 
it  could  be  called  S7.6.  100  per  ««nt.  is  token  as  the  normal.  Thit 
corresponds  to  14  per  cent,  of  hemoglobin  in  the  blood.   KcQeeted  candle- 


PKACTICAL   WOitK  AKD  METUODS 


MS 


I 


I 

V 

I 


light  is  used.  By  this  a  reading  may  be  had  to  2  per  ocnL  A  set  of 
disks  can  be  Lad  adjusted  to  daylight  readiugs. 

I2-J.  Dare's  hemoglobinometer. — This  instriimcnt  is  extremely 
conreuieot.  It  uses  undiluted  blood  so  that  it  avoids  the  errors  due  to 
dilutioQ.  It  is  compact,  but  it  costs  $20.  It  is  more  aceurate  than 
Tallqvist's  method,  but  not  so  convenient  It  is  probably  the  best  of 
the  methods  hero  given. 

The  film  of  blood  is  drawn  between  tvro  plates  of  glass  by  capillarity, 
and  the  tint  compared  with  a  revolving  scale  of  &  circular  disk  of  glass. 
The  two  colors  ait:  matched  and  the  per  cent,  of  lib  in  terms  of  the 
normal  read  off.  The  colors  arc  companxj  by  eandleliglit  and  the  obser- 
vDtiou  made  through  a  telescopic  attachment  so  that  Light  is  cut  off 
other  than  that  transmitted.  A  dark  room  ia  not  neeesa&ry.  The  instru- 
ment ia  simply  pointed  at  some  dark  comer.  The  caudle  is  attached  to 
the  instrument- 

HEMOGLOBIN. 

This,  the  red  coloring  mailer  of  the  blood,  is  confined  in  the  verte- 
brate blood  to  the  red  blood  corpusdes.  If  small  quantities  are  present 
in  tbe  plasma,  the  amount  is  so  KinaU  tliat  at  preseml  we  cannot  detect 
it.  The  function  of  this  red  conjugated  protein  U  to  convey  oxygen 
from  thu  lungs  to  ttiu  Ustiui'ji.  It  hus  the  power  of  forming  a  loose, 
liissocjiable  union  with  oxygen,  the  compound  being  known  as  oxy- 
hemoglobin. It  has  also  the  power  of  combining  with  other  substances. 
The  absorption  spectra  due  to  the  absorption  of  [ight  of  tbeao  various 
(-•ompounds  differ  somewhat  and  the  eompouudH  m&y  be  detected  aud 
distinguished  by  these  speotra.  We  will  consider,  fii-sl,  influences  whieli 
cause  tlie  hemoglobin  to  li^ave  the  corpiisi-les  and  be(Tom«^  free  in  the 
plasma.  This  process  is  called  Inking  tlu;  blood;  second,  we  will  cen- 
nder  methods  of  rrj-stullizing  hMiu)globin;  Uiinl,  tlic  spevtra  of  various 
compounds  of  hemoglobin  with  o.xygoii,  carbou  monoxide,  of  hemoglobin 
itself  and  methemoglobin  and  some  other  derivatives  ^  and  fourth,  some 
ol  the  decomposition  products  of  hcmoRlolnu. 

Influences  which  cause  the  hemoglobin  to  leave  the  corpuscles. 
I>aking  the  blood. — The  separation  o(  hemoglobin  from  corpuseles  is 
a  matter  of  very  great  interest  bwaiisa,  owing  to  llw  eolor  of  the  hemo- 
globin, the  process  can  be  very  easily  followed  and  the  (-auses  and  nature 
of  the  processes  involved  can  be  studied.  It  is  not  probable  tliat  the 
jpatMflC  out  of  hemoglobin  is  at  all  prculiar,  hut  that  all  cells  in  a  similar 
msimer  lose  some  of  their  constituents  when  subjected  to  these  samfl 
processes.  We  cannot,  however,  so  easily  deteet  them,  owing  to  the  lack 
of  color.  In  studying  the  taking  of  the  blood,  therefore,  it  is  probable 
that  the  matter  is  of  greater  interest  as  a  type  of  cellular  reaction  than 
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it  is  for  its  immediate  significance  for  the  physiology  of  the  blood. 
Lakiiig  may  be  produced  by  the  following  agents :  by  w&nning,  or  f rees- 
iDg  and  thawing  blood ;  by  the  action  of  anestlieti«8  of  all  kinds ;  by  the 
pumping  of  the  gases  out  of  tlie  blood,  particularly  by  taking  out  the 
oxyg€Ui  by  the  action  of  very  dilute  alkalies;  by  the  action  of  bile  salts; 
by  the  action  of  specific  hemolytic  agents  such  us  tkc  hvuiolysiiis;  b> 
diluting  Uie  blood  with  water  so  that  the  blood  is  hypotonic ;  by  con- 
dcDser  discharges  through  the  blood;  by  various  toxie  substances,  such 
as  certain  snake  venoms,  and  saponins. 

It  will  be  observed  that  most  of  thiisa  ag«ut8  cause  either  stimala- 
tioD  or  depressiou  of  protoplasmic  proc«ssvs.  Siuce  tlie  discliarge  of 
itcuioglobiu  from  the  corpuesclc  meaiis  that  a  change  in  the  distributioo 
of  the  couslitueuta  of  the  protoplasm  boa  occurred  under  the  influence 
of  the  rvagcrit,  it  has  beeu  suggested  that  the  Dalure  of  the  proceas  of 
fitiiDulatiou  consists  in  the  physical  change  in  distribution  of  the  con- 
stituents of  the  protoplasm  caused  by  the  lokiug  agent  or  the  stimulus.  The 
bcuioglobiu  is  generally  supposi^d  tu  be  held  iu  the  eorpiiscle  by  tbe  limit- 
ing rueiubraue,  which  is  of  such  a  nature  that  it  cannot  go  Uirougli.  Many 
aut]iors  accordingly  speak  of  tliu  hemolytic  agents  as  alTecting  the  per- 
meability of  the  sbcfttbs  of  the  corpuscles.  As  pointed  out  on  page  498, 
tliB  phcnomcua  may  also,  and  perhaps  more  correctly,  be  interpreted  oo 
the  hypothesis  that  tlic  hemoglobin  is  in  loose  union  with  the  conatitn- 
ents  of  the  stroma  of  the  protoplasm  and  these  various  reagents  alter 
the  stability  of  that  union. 

128.  Influence  of  hypotonicity.  Laking  by  dilution  with  wrater. — 
To  illustrate  this  take  7  test-tubes  and  place  in  each  10  c.c.  retipeutively 
of  the  following  solutions:  a,  distilled  water;  b,  0.2  per  cent  NaCl  boIb- 
tion ;  c,  0.4  per  cent.  N'aCI ;  d,  0.5  per  cent.  NaCI ;  e,  0.7  per  cent.  NaCl; 
f.  1.0  per  cent.  NaCl;  g.  1.2  per  cent.  NaCl.  Most  easily  prepsuTed  by 
running  the  proper  amounts  of  2  per  cent.  NaCl  solution  and  water  - 
from  two  burettes.  To  each  tube  add  from  a  pipette  two  drops  of  defi- 
briiinted  blood.  Mix  well  and  allow  to  stand  for  a  few  minutes.  Record 
the  results.  The  laked  blood  is  a  darker  color  and  more  transparenL 
Whieb  tubes  take  the  blood  1 

139.  Laking  by  anesthetics. — Anesthetics  unfortunately  have  tbe 
property  of  taking  blood.  Take  two  tubes  containing  10  c.c.  0.9  per 
cent.  NaCl  solution.  To  each  add  three  drops  of  deflbrinuted  blood 
and  mix.  Now  to  one  add  1  c.c.  of  the  anesthetic  and  mix  again.  Alio* 
both  to  stand.  ObsciTO  the  laking  in  the  anesthetic  tube.  Test  in  this 
way  ether,  chloroform,  naphtha,  toluene,  acetone  and  alcohoL 

130.  Laking  by  warming. — To  5  c.c.  of  0.9  per  cent.  NaCl  add  3 
drop«  of  defibrinattHl  blood  and  warm  care^fully  to  about  50*,  not  higher, 
holding  tbe  blood  for  a  few  minutes  at  that  temperattire.    Laking  will 
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occur.  Liiking  will  also  occur  by  frccziuB  !hc  Hood  and  thawing.  The 
laking  in  this  case  is  possibly  accelerated  by  the  fact  that  on  melting  the 
ice  eryslala  local  differences  of  concentration  occur.  Ent  this  is  not 
the  only  ex])lanatiou. 

131.  Laking  by  bile  salts. — To  10  p.c.  of  a  0.3  per  cent,  solution  of 
bile  salts  in  0.9  per  cent.  NaCl  add  3  drops  of  deflhrinated  blood.  Ob- 
serve the  laking. 

13a.  Laking  by  saponins. — To  10  cc.  of  a  0.9  per  cent,  solution  of 
NaCl  containing  0.1  per  cent,  of  Baponin  add  3  drops  of  deSbriuatcd 
blood. 

133.  Lahing  by  dilute  alkalies. — MnUc  a  precipitate  of  sodium 
magnesium  phosphate  by  adding  to  a  solution  of  MgCI.  some  solution 
of  Na_.HPO,,  and  if  necessary  a  little  NaOH.  Filter  off  and  wash  with 
water.  Now  suspend  some  of  the  precipitate  in  10  c.c.  of  0.8  per  cent. 
NaCI.  add  3  dropa  of  defibrinatod  blood,  mix  well  by  inverting  the_ 
lube  twice  and  allow  to  stand.  Have  a  eontrol  tube  with  Ihc  blood  and 
sodium  rhloridc  alone.  The  hemolysis  may  bo  slow,  so  observe  for  some 
time. 

134.  Crystallizing  hemoglobin. — Various  Woods  oryatalUze  with 
different  ease.  Guinea-pig  blood  crystallizes  with  the  greatest  ease  and 
C^pVtalRQUl  be  obtained  by  mixing  a  drop  of  the  dcliliritialed  blood  with 
E  dnfp'  of'vater  on  the  micr()*)<>»pie  sWAe  and  putting  on  a  cover  glass. 
The  crystals  form  very  quiekly.  Rat  and  moii.se  blood  erystallixe  read- 
ily, and  als^o  the  blood  of  the  amphibian,  Nectunis.  Dog's  blood  oxy- 
hemoglobin crystals  may  be  obtjiined  by  adding  a  few  drops  of  ether,  or 
better  toluene,  lo  10  c.c.  of  deflbrinated  dog*s  blood  in  a  test-tube  and 
mixing  until  laked.  Then  adil  a  Utile  powdered  ammonium  oxalate, 
shake  onee  or  twiee  and  place  in  the  ice-box  or  a  cool  place  for  &  few 
hours.  Crystals  of  hemoglobin  will  generally  he  found.  Examine  them 
microscopiaally  and  draw  some  of  them. 

The  forms  of  the  crystals  are,  as  shown  by  Reichert,  characteristic 
for  different  animals.    See  Figure  50. 

135.  Spectra  of  various  compounds  of  hemoglobin.— Hemoglobin, 
both  solid  and  when  in  a  solution,  lm.t  a  purpliah-i-ed  color.  The  colors 
of  the  various  coinpnuuds  of  hemoglobin  differ  somewhat  from  ca^^h 
other  and  from  hCTrioglobin.  Oxyhemoglobin  ia  a  bright  scarlet ;  carbonyl- 
homt^lobio  is  more  of  a  chcrrj'  red;  mclhemoglobtn  has  a  brownish- 
rod  color ;  and  so  on.  The  difference  in  color  is  due  to  the  fact  that  the 
different  compounds  absorb  lifrht  of  different  wave  lenglhe  so  that  the 
light  which  (.■omes  througli  the  solution,  or  the  crj'stals,  has  lost  vibra- 
tions of  certain  wave  lengths  and  so  no  longer  appears  white  but  colored. 
Most  of  the  red  is  obviously  transmiftivl,  but  some  of  the  ffn;en  or  blue 
must  be  absorbed.    By  passing  the  light  which  has  traversed  a  hemo- 
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globtn  eolution  tbrougli  a  prism  which  spreads  it  into  a  Bpectrum  it  u 
easy  to  sec  which  of  the  ruys  have  heen  absorbed.  Ad  instrument  for 
thus  dflCeroiining  the  absorption  or  emiisioa  spectra  is  fuiUed  a  spee- 
troscope.  These  are  oC  two  foniiR,  but  Oie  nee  of  a  very  convenient  fans 
for  such  work  is  a  direct  vision  spectroscope  provided  witli  a  w&vft- 
Icngtli  scale.  The  direct  vision  spectroscope  of  ^iss  is  a  convenient 
form. 

The  direct  vwiVn  spectroscope.  The  instrument  consisla  of  a  train 
of  crown  and  ttint  glaiis  prisms  so  arranged  that  the  course  of  the 
rays,  though  scattered  to  form  a  spectrum,  is  not  bent,  but  passes 
directly  to  the  eye  in  line  with  the  object  looked  at.  At  one  end  is 
the  eyepicee.  At  the  other  end  is  a  small  slit  or  opening  which  can 
be  narrowed  by  the  use  of  a  serew.  At  the  side  of  tbe  main  tube  is  a 
small  secondary  tube  which  contains  the  wave-length  scale  whiuh  by 
means  of  a  mirror  is  scut  into  the  eyepiece  so  that  the  wave-length  scale 
and  the  spectrum  appear  to  lie  side  by  aide,  la  using  tJie  instmmeot, 
point  it  at  the  source  of  light:,  with  the  small  tube  at  the  left  Have  a 
very  narrow  slit  so  that  the  spectrum  is  barely  visible.  Now  draw  out 
tbo  tnbe  gently  until  the  spectrum  appears  to  be  traversed  in  a  vertical 
direction  with  very  flno.  dark  lines  {Krauonhofer  Lines)  ;  adjust  the  slit 
and  the  focus  of  the  tubes  until  ihese  are  very  sharp.  One  very  plain 
one  will  be  noticed  in  the  orange  just  to  the  left  of  Uie  yellow.  This  ii 
the  D  line  of  the  siKctmm  and  corresponds  to  the  main  line  of  aodinm. 
The  wave  length  of  the  light  at  this  point  of  the  spectrum  is  0.A9  ^  or 
X.  589.  By  means  of  the  screw  adjiu>t  the  wave-length  scale  so  that  the 
line  of  the  scale  0.59,  or  A  589,  comes  exactly  above  the  D  line  of  the 
speolram.  The  wave  length  of  any  of  the  other  dark  lines  can  now  be 
determined  very  readily  by  reading  off  the  scale. 

The  sample  of  blooi],  hemoglobin  or  other  substance  of  which  It  b 
desired  to  detprmine  the  absorption  speetmm  is  placed  in  a  test-tube  or 
beaker,  or  better  in  a  small  Hnt-walled  glass,  and  this  is  placed  jost  {a 
front  of  the  slit  and  between  it  and  the  source  of  light.  A  bright  dnyli^t 
is  good,  but  any  other  bright  white  light  may  bo  used.  If  the  siMn- 
tjon  is  too  concentrated,  too  little  light  will  come  through,  most  of  tk* 
field  appearing  dark.  The  more  dilute  the  solution,  the  narrower  wiD 
the  absorption  bands  become.  With  a  proper  dilution  of  the  oxyhemo- 
globin a  broad  absorption  hand  wilt  be  seen  in  the  violet  and  two 
narrow  absorption  bands  in  the  green  between  the  D  and  E  lines  tJ 
the  spectmm.  These  bands  are  blackest  in  their  renters  and  shade  off 
somewhat  toward  the  edg^s.  In  recording  your  observations,  reconi 
the  wave  length  read  from  the  scale  corresponding  to  the  center  of  lh< 
band,  and  the  wave  lengths  at  the  sides  of  each  band, 

The  width  of  the  absorption  bands  wiU  vary  with  the  eoneentratlon 
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of  the  solution  lookeil  Uiroiigh.  The  absorption  spectra  are  very  oom- 
monly  plotted,  therefore,  in  the  manner  indicated  in  Figure  51,  the 
ahitorption  Ving  indicated  by  tbe  shaded  portions,  the  wave  lengths 
being  marked  along  the  abscissa  and  the  concentration  of  the  solution 
along  the  ordinate.  The  solution  is  examined  in  a  layer  1  centimeter 
tliick.  The  point  of  maximum  absorption  is  usually  given  by  the  tip 
of  the  plot. 

In  making  the  experiments  which  follow,  it  is  not  necessary  to  pre- 
pare the  licruoglobin  in  a  pure  form  Srat ;  for  experiment  has  shown 
that  the  absorption  spectra  of  the  isolated  hemoglobin  and  the  homo- 
gluhiu  of  laked  blood  are  the  same.  Make  some  laked  blood  by  adding 
8  little  blood  to  distilled  water  in  a  test-tube,  filtering  the  solution  and 
tlien  examining  the  absorption  spectra  of  various  dilulioDB.  It  will  be 
observed  ttiat  if  Uic  solution  in  i^trong  enough  the  various  ubsorption 
bands  fuse  together,  giving  for  example  one  broad  absorption  band  for 
oxyhemoglobin. 

13C.  Spectrum  of  oxyhemoglobin. — Shako  the  labed  blood  with 
some  air  in  a  test-tube.  Kxainine  the  spectrum.  Make  a  scale  in  your 
note-l)Ooks  and  plot  on  it  the  ithsorption  bands.  The  bands  of  oxy- 
hemoglobin can  be  disilngiiiKhed  in  a  .solution  which  contains  one  part 
of  oxyhemoglobin  to  10,000  of  water.  The  spectroscope  could  be  used 
for  the  eatiDiation  of  the  amount  of  oxyhemoglobin  in  a  solntion.  A  0.3 
per  cent,  solution  of  oxyhemoglobin  gives  a  good  spectrum.  The  Ifb  in 
blood  ia  14  per  cent.  From  this  complete  the  dilution  necessary  to  give 
0.3  per  cent.  Map  the  absorption  banrhi.  The  a'  band  (the  one  toward 
the  red  end)  has  ifa  eenter  at  A.  578,  that  of  the  fi  band  is  about 
540. 

137.  Reduced  hemoglobin. — ^Take  5  c.c.  of  a  solution  of  oxyhemo- 
globin so  dilute  that  the  two  absorption  bands  are  fairly  far  apart  and 
not  (used  in  one.  Add  to  this  solution  two  drops  of  amnionium-.sulphide 
solution  and  warm  very  gently,  not  over  55*.  Observe  if  there  is  any 
darkening  of  the  tint  of  the  solution.  Now  without  shaking  the  tube 
examine  its  spectrum.  It  should  now  show  the  single  broad  absorption 
band  of  reduced  hemoglobin.  The  center  is  about  A  565.  Instead  of 
ammonium  sulphide  as  a  reducing  agent,  Stokos'  reagent  may  be  used. 
It  is  a  frcslily  prepared  solution  of  ferrous  sulphate  to  which  some 
tartArie  acid  has  been  added  and  which  is  made  slightly  alkaline 
with  ammonium  hydrate  just  before  use.  Map  the  spectrum  of 
hemoglobin. 

Stokt^s'  solution  is  the  following;  3  grams  ferrous  sulphate  dissolved 
in  cold  water;  add  a  cold  aqueous  solution  of  tartaric  acid,  2  grams, 
and  make  up  to  100  c.c.  with  water.  Juat  before  using  add  enough 
strong  ammoniimi  hydrate  jufit  to  rcdisEolvo  the  precipitate  which  is 
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firet  formed.    It  rapidly  oxidizes  itself,  so  must  be  freshly   prepjiivd 
Its  advantage  is  tliat  it  redui^es  the  oxyhemoglobin  -without  warming. 

138.  Carbonylhemoglobin. — This  is  the  union  of  hemoglobin  with 
carbon  monoxide  in  place  of  the  oxygen.  Its  spectrum  is  like  that  of  oxy- 
heraoelobin,  but  tlic  two  bands  are  shifted  slightly  toward  the  vitAfi 
end  of  the  spectrum.  Prepare  a.  solution  of  carbonylhemoglobin  by  pvi- 
ing  a  little  illuminating  gtts  tbroiigti  a  solution  of  laked  blood  under 
Ihc  hood.  Notice  tlie  change  in  tint  of  the  blood.  It  has  a  bluish  tin'. 
T>ilu)e  if  necessary  and  examine  the  spectrum.  The  middle  of  a  is  at 
572  and  of  fi  at  535. 

139.  Carbonylheraoglobin  is  not  reduced  by  ammonium  sulphide. 
To  show  this  repeat  experiment  137,  using  the  carbonylhemoglobin  ia 
p]a(>e  of  the  solution  of  oxyhemoglobin.  See  that  the  spectrum  remaiai 
unchanged  after  warming  witli  (NH,)-,S. 

140.  Another  very  convenient  way  of  distinguishing  earbonyl-  aad 
oxyhemoglobin  is  to  take  two  solutions  of  oxyhemoglobin  and  oarbciovt 
hemoglobin  of  about  the  same  tint  and  dilute  equally  with  water.  It 
will  be  seen  that  the  solution  of  oxyhemogloliin  becomes  yellowish,  whit 
that  of  carbonylliomoglobin  aequires  a  canuinc  lint.    Try  this. 

141.  Another  test  for  earbonylhemo]flobiii  in  tlic  blood  \a  Kaiyanu't 
Add  5  drops  of  blood  to  10  c.c.  of  water.  Then  add  5  drops  of  onui^ 
colored  ammonium  sulphide.  Mix  and  make  faintly  acid  with  stroot 
aectie  acid.  Blood  containing  CO  develops  a  rose-red  color;  normil 
blood,  a  dirty  greenish -gray.  The  difference  is  perceptible  with  one  part 
of  CO  blood  to  5  of  normal  blood. 

142.  Mcthcmoglobtn. — This  is  a  union  of  osygcn  and  hemoglobia. 
but  the  union  is  tirmcr  than  oxyhemoglobin.  The  gas  camiot  be  pumped 
out.  Oxyhcmojirlohin  pasKes  with  great  cajse  into  mcthcmoglobin  if  rtOfV 
slightly  acid,  or  alkaline,  or  in  the  presence  of  various  oxidizing  agwiti 
such  as  fcrricyanide,  chlorates,  etc.  It  is  formed  in  the  blood  in  nitril* 
and  chlorate  poisoning  aJid  by  a  great  variety  of  oUier  poisons  such  tf 
acetnnilide. 

The  exact  difference  in  composition  between  oxy.  and  methcmoglobia 
is  unknown,  but  probably  oxyhemoglobin  is  a  union  of  a  motecnlsr 
nature,  the  union  involring  the  residual  valences  of  the  oxygen,  Tb 
difference  may  be  schematieally  represented  as  follows: 


Hb    I 

\0 


Hb=o-o  nb=Ox:0      i 

Oxjbmiaglobia  if  Osyln-iHO((Iobin  tf 

oxjKMi  ts  unt<r*lent       ox.vgc"  i«  Wvolent.    Ojtyltrtnnglftbiii. 

Probably  none  of  these  representations  is  correct, 

invoWeB  water,  end  probably  the  firat  union  is  D  union  between  wtttr, 

oxygen  and  hemoglobin. 


nb 

MethrrnnKtoKiit 

for  the  oxidation 
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143.  To  a  few  c.c.  of  water  &dd  three  or  four  drops  of  blood.  Mix. 
This  lakes  the  blood.  Now  arid  two  drops  of  a  saturated  solution  of 
potassium  ferrieyanide.  The  blood  color  changps  to  a  chocolate  brown. 
Examine  the  solution  spectroscopipally.  Met  hemoglobin  has  nn  absorp- 
tion band  in  tho  red,  A-  630.  Thoro  is  marked  absorption  of  the 
blue  end. 

144.  It  is  possible  by  reducing  agents  to  restore  tbe  oxyliemoglobiu 
and  then  to  produce  reduced  hemoglobin.  To  show  this  take  5  c.c.  of 
the  methemoglobin  solution  ju.st  prepared  and  add  to  it  a  Few  drops  of 
ammonium  sulphide.  It  will  be  seen  that  tbo  color  changes  to  a  red. 
Examine  by  the  spectroscope  and  see  that  tho  red  absorption  band  of 
methemoglobin  disappears  and  the  bands  of  oxyhemoglobin  appear.  On 
warming  gently  the  bunds  of  oxyhemoglobin  disappear  and  reduecd 
hemoglobin  appears.  Now  shake  strongly  with  some  air.  The  bands  of 
oxyhemoglobin  reappear.  It  is  probable  that  small  amounts  of  methemo- 
globin appear  at  times  in  norma)  blood.  Tliis  experiment  is  particularly 
instructive,  as  it  shows  that  in  the  act  of  oxidation  of  substances  several 
intcnucdiate  stages  occur.    Always  a  molecular  union  is  made  first. 

AnoUi«r  vcrj-  aiiigular  fact  is  that  Uio  addition  of  potassium  ferriey- 
anide to  blood  causes  the  liberation  of  an  amoiuit  of  oxygen  cfiual  to 
the  oxygen  combined  as  osyhomoglobin  in  the  blood.  This  fact  is  the 
basis  of  tlie  method  generally  used  at  present  for  tho  estimation  of  the 
oxygen  in  blood.    No  air-pump  is  needed. 

Haldaue  has  given  tbe  following  proviaionat  equation  to  represent 
what  happens,  but  it  is  not  satisfactory: 

HbO^  +  'iN*/eCy^  +  4NaHC0^  =  HbO^  +  ASnJtCy^  +  400,  +  2H^0  +  0, 

Perhaps  a  molecular  union  of  HbO,  and  ferrieyanide  ocvnrs  first  and 
then  this  is  rearranged,  oxyhemoglobin  being  changed  to  methemoglobin, 
the  ferrieyanide  reduced  and  oxygen  set  free. 

145.  Take  3  cc  of  deSbrinated  blood,  lake  by  diluting  with  3  ce. 
iter  and  wnrming  gently.     Then  add  6  c.c.  of  saturated  potassium 

ricyanide  eiolution,  mix  by  inverting  and  observe  tbe  liberation  of 
bubbles  of  gas.    0,. 


Decomposition  Products  of  Hemoglobin. 

146.  Hemin  crjretaU  (Teichman's  crystals). — Prick  the  finger. 
Collect  a  drop  of  blood  on  a  microscope  slide.  Dry.  Put  on  a  drop  of 
glacial  acetic  acid,  cover  with  a  cover  glass  and  boil.  Examine  for 
crjstals  of  licmin.  Dark-brown  plates  and  prisms.  In  examining  old 
blood  stains  by  this  method  it  Is  ncci-ssar}*  to  a<ld  a  minute  cr>'Btal  of 
salt.  There  is  salt  enough  in  fresh  blood.  These  crystals  arc  acctylated 
bomatin  chloride.    The  hydroxy!  of  tbe  bomatin  is  replaced  by  chlorine 
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and   one    acetyl    group    onters   from    tbe   aoetic   acid.      Hcmatin   oi 
C„H„N,O.Fe. 

147.  Hematoporphyrin. — Tliis  is  iron-Free  Iieniatin.  It  ia  prepared 
by  UtG  action  of  sU'oiig  aeids  or  alkalies  on  liemoglobtn. 

Acid  hematoporphyrin. — The  strong  acid  at  first  splits  off  hematiB 
from  the  globin  and  then  this  hematin  loses  its  iron  and  is  converted  to 
hematoporphyrin.  As  reduced  hemoglobin  is  far  less  stable  than  oxy- 
hemoglobin,  the  iron  is  split  off  easiest  From  the  reduced  hemoglobia. 
Add  a  couple  of  drops  of  putrefying  Mood  (the  putrefactJou  reducCi 
the  hemoglobin)  to  a  few  e.c.  of  coui-cutrated  sulphuric  acid  and  mil 
by  gently  shaking.  The  solution  has  a  purple  color.  Eiamin«  spcetiv- 
Sflopif-ally.  Center  of  absorption  bands:  "  at  A  600  relatively  fainter, 
and  fi  at  X  5M. 

148.  Alkaline  hematoporphyria. — Make  a  somewhat  stronger  aolo* 
tion  of  acid  hematoporpliyriu  tlian  the  preceding-,  hut  in  the  same  way, 
and  pour  it  into  50  o.c.  of  water  in  a  beaker.  Stir  well.  Collect  the 
precipitate  which  rises  to  the  surface  on  a  rod,  transfer  to  ft  tesl-tnfae. 
add  a  few  c.c.  of  alcohol  and  boil.  Make  alkaline  with  a  few  c.c.  of 
NaOU.  Examine  the  spectrum  of  alkaline  hematoporphyrin  thus 
obtained.   4  ahsorption  b&nds :  A  622,  A  576,  A.  539,  and  A  504. 

149.  Acid  hematin. — Hematin  split  off  from  oxyhemoRloliiii  by  the 
action  of  acids  is  Kohihle  in  t'l.her.  llc»t  a  few  e.e.  of  defibriiialnd  blood 
with  a  drop  of  strong  HCl  and  a  few  c.c.  of  acetic  acid.  Cool  and 
extract  with  5  c.c.  of  ether.  Examine  the  spectrum  of  acid  hematin  ia 
ether.    Red,  A  63S.    On  dilution  otlier  bands  appear. 

ijo.  Hemochromogcn. — A  solution  of  oxyhemoglobin  zuade  alh*^ 
line  with  NaOII  forms  alkaline  henialin  (band  from  D  to  A  630), 
Reduce  tliis  by  adding  a  few  drops  of  (Nn,)^S.  This  foms  the  red 
hemoehromogen.    Bands  in  the  preen,     /r  at  A  SiiS;  fi  at  520. 

COAGULATION  OP  THE  BLOOD. 

Clotting  of  the  blood  depends  on  the  interaction  in  the  blood  of  fonr 
elements:  Fibrinogen,  calcium  salts,  prolhramhin  and  cephalin. 

For  Ihe^e  experimcnls  qpe  can  u.se  ox  or  horse's  blood  rt-ndered  noo- 
coagulable  by  receiving  it  into  a  saturated  scUution  of  sodium  or  potas- 
sium fiuoride. 

151.  Fibrinogen. — CentriFugalize  20-30  c.c.  of  oxalate  or  flnoridt 
plasma.  Note  the  relati-ve  volume,  approximately,  of  plasma  and  cOT 
pnsclca.  The  plasma  should  be  a  light-yellow  color  and  clean.  Pipette 
it  off  from  the  corpuselcs  very  carefully  without  getting  an  admixture 
of  corpuscles.  This  ia  best  done  by  connceling  «  test-tobe  with  the  suc- 
tion water  pump  by  a  tuh«  (a)  which  reaches  just  through  the  cork. 
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Another  tube  (b)  goes  through  the  cork,  but  cuds  nearer  tlie  bottom. 
The  other  end  of  the  tube  (b)  is  attached  to  a  flexible  piece  of  rubber 
tubing.  The  pump  is  started  going  and  one  end  of  this  rubber  tubing 
is  iutroduccd  into  the  plasma  just  below  the  surface  of  the  plasma.  The 
plasma  is  sucked  over  into  the  second  Lub«.  As  it  is  drawu  over  follow 
ii  down  with  the  end  of  the  rubber  until  no  more  can  be  taken  off  wlth- 
(Out  mixing  with  corpuscles. 

15a.  Take  5  c.c.  of  the  plasma  in  a  test-tube  and  add  an  equal  vol- 
ume of  saturated  NaCl  solution.    Fibrinogen  will  be  precipitated. 

153.  Take  another  3  cc.  in  a  test-tube  and  immerse  in  a  beaker 
partly  filled  with  water.  Heat  slowly  with  a  thermometer  in  the 
fibrinogen  solution.  The  tube  must  not  touch  the  bottom  of  the  beaker. 
Note  the  temperature  of  coagulation.     About  58°. 

154.  To  another  5  c.c.  of  the  plasma  add  sufBeicnt  CnCI.  to  pre- 
cipitate all  the  oxalate  or  fluoride  and  Icove  a  very  small  excess  of  cal- 
cium salt  in  the  solution.  Does  the  solution  clot  on  standingl  If  not,  add 
to  it  some  serum  or  a  few  c.c.  of  0.9  per  cent.  NaOl  soluttou  which  has 
been  rubbed  in  a  mortar  with  the  fresh  fibrin  of  dcfibrinated  blood. 
Allow  to  stand  and  olaervc  clotting.  By  extracting  the  fibrin  a  solu- 
tion of  thrombin  is  obtained. 

The  power  of  fibrinogen  solutions  to  clot  is  tho  real  t«flt  for  this 
substanee. 

155.  Clotting  is  also  provcolpd  by  roeoiving  the  blood  at  once  in 
alrong  solutious  of  umgnesium  sulphate.  A  saturated  solution  of  mag- 
nesium sulphate  is  p1ac4!d  in  a  Wttle,  or  jar,  and  blocnl  nin  in  directly 
from  the  veins,  mixing  well  as  it  flows,  until  the  combined  volume  of 
blood  and  sulphate  solution  is  about  five  titnr^  that  of  the  sidpliatc  solu- 
tion alone.  The  blood  ia  then  centrifugalizexl  to  remove  tlie  corpusclca 
and  the  plasma  drawn  off  and  kept  in  a  cool  place.  It  is  salt  plasma. 
It  may  \>e  used  in  place  of  tho  oxalate  or  fluoride  plasma. 

156.  Dilute  some  of  the  plasma  by  adding  about  4  times  its  volume  of 
distilled  water.  Divid«  inlxi  two  portions  in  two  test-tuba's.  To  A  add 
nothing;  to  H  add  some  of  the  fibrin  ffirment  solution.  Plai'H  both  in 
the  bath  at  38'  C.    Observe  that  both  riot,  but  that  B  clots  the  sooner. 


THE  UEIKE. 


^'he  urine  is  a  most  important  excretion.  In  it  the  nitrogenous 
cs  and  most  of  the  mineral  and  somo  of  the  carbon  wastes  aro 
cted.  The  determination  of  the  amount  and  character  of  those 
is  of  great  importance  in  throwing  liffht  on  the  physiology  and  pathology 
of  the  body.  Among  the  nitrogcnoua  wastes  urea,  uric  acid,  creatinine, 
ammonia  and  hippurie  apid  are  the  more  abundant,  although  a  very 
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large  number  of  nitrogen-confaiiiine  su^tAnccs  occur  in  the  urio«  it 
RniaH  amaunls.  Of  the  inorganic  wastes,  clilcrido^,  sulphates  and  pfaM- 
phatesi  may  hp  niRntioni?d,  and  of  the  substances  containing  carbon, 
various  aromatic  compounds,  sucli  as  phenyl-acctlc  acid,  and  aliphatie 
compoonds  such  as  acelone,  liydroxybutyrie  acid,  lactic  acid,  acetoaMtia 
acid.  There  arc.  however,  a  large  number  of  other  substances  presol 
in  very  small  amounts. 

QUALITATIVE  EXAMINATION  OF  THE  UBINE. 

*iS7.  Collect  a  sample  of  urine  and  nol«  its  color,  odor.  traii> 
parency,  reaction  to  litmus  and  to  phenol pbtbalein  and  it«  specific 
gravity. 

*is8.  Make  qualitative  tests  for  the  presence  of  chlorides,  sal- 
phates  and  phosphates.  For  the  chlorides  acidify  with  nitric  acid  saJ 
add  a  few  drops  of  Bilvcr  lulrate.  A  white  precipitate  indicates  ll* 
presence  of  chlorides.  For  the  aulphalea,  acidify  with  hydroohlorie  and 
and  add  a  few  drops  of  barium  chloride.  A  white  pr«<*ipirate  showi 
the  presence  of  inorganic  sulphuric  acid.  For  the  phosphates  add  to 
the  clear  urine  made  alkaline  by  ammonia  Bomc  ammonia-magnesia  nil- 
lure  Hfipd  for  the  determination  of  phosphat-es.  A  while  precipitate  iaS- 
catcs  phoephatca  Or  add  to  the  urine  some  drops  of  nitric  acid  mm) 
then  some  ammonium- molybdate  6C|)utioti.  A  yellow  precipitate  «( 
phosphomolybdale  occurs  in  thp  presence  of  phosphatcB. 

*  159.  Preparation  of  urea.  Urea- nitrate  method. — Urea  f onns  1 
erystalline  compound  with  nitric  acid  which  is  sufficiently  insolnbla  b 
1)6  used  in  \\x  separation.  T.vaporate  1  liter  of  urine  on  the  water  ball 
in  a  large  porcelain  di.'sh  until  it  is  fairly  concentrated  and  then  transfM 
it  to  a  smaller  dish  of  a  total  capacity  of  about  500  c.c.  and  evaporate 
until  the  urine  is  a  thin  syrup.  Cool  it  well.  When  cold,  and  tU 
colder  the  better,  add  concentrated,  white,  not  fuming,  nitric  acid  n 
small  portions,  cooling  under  the  tap  no  that  no  violent  reaction  o^cQn 
The  urine  will  bo  turned  into  a  cryKtalline  ma.<B;  of  urea  nitrate,  AiU 
nitric  acid  as  long  as  the  crystals  continue  to  form.  About  10-20  tc 
will  probably  be  necesaary.  Allow  to  .stand  in  a  cool  place  for  twent; 
minutes  for  cr>'8talIization  to  continue,  then  filler  through  a  Buclinpf 
filter,  using  auction.  Suck  the  crystals  as  dry  as  possible,  pressing  then 
down  with  a  horn  spatula  and  wash  once  with  half-concentrated  nitii* 
acid.  This  must  be  done  quickly  and  not  too  much  nitric  acid  solution 
used  or  the  crystals  will  rcdissolvc.  Transfer  the  crystals  suspended  or  di> 
solved  in  50  c.c.  of  water  to  an  evaporating  dish  and  add,  little  by  Utile 
powdered  BaCO,.  This  forms  barium  nitTate.  CO^,  and  urea.  AdJ 
an  excess  of  BaCO,,  more  than  enough  to  break  up  the  urea  nitrate- 


PRACTICAL  WORK  AND  METHODS 


•SJ 


I 


II 


Evaporate  to  drj-ness  on  the  water  bath.  Extract  the  r«adu«  four  tim«a 
with  50  c.e.  boiling  acetone,  allowing  tlie  acetone  to  boil  wliile  stirring 
until  about  oue-fourtb  of  it  Iiuh  boiled  ott.  Pour  ott  tli(!  boiling  acetone 
into  a  clean,  dry  bvaker  and  allow  to  cool,  hong  silky  needles  of  tirea 
siiould  Hcpurute  out.  Amyl  alcohol  may  also  be  used  to  extract  the  urea. 
Tliu  additiou  of  ether  to  the  cold  amyl  alcohol  precipitates  the  urea. 
By  evaporating  urine  directly  ou  the  water  bath  to  dryness  auil  then 
eittractiug  with  do  per  cent,  alcohol,  filtering,  evaporatiug  the  aluobol 
ou  the  bath  and  extracting  with  hot  amyl  alcohol  or  boiling  acetone, 
urea  may  be  obtained  iu  small  quantity  directly.  The  yield  by  cither 
method  is  generally  small. 

*  i6o.  Uric  acid.  Preparation  from  urine. — Collect  two  liters  oC 
urine  and  make  it  strongly  aeid  by  adding  i>0  c.c.  concentrated  HCl. 
Allow  to  stand  for  24  hours  or  more.  There  will  appear  a  reddish  granu- 
lar precipitate  in  the  bottom  of  the  dish.  Deuaut  olT  moat  of  the  urine 
from  the  crystals  aud  filter  the  residue  through  a  small  filter^  using 
suction.  Examine  some  of  the  cr>-3tals  suspended  in  ttie  uriue-UCl 
mother  liquor  on  a  slide  under  the  microseopc.  They  arc  barrel-shaped 
and  whetstone-shaped  erj'stala  and  masses  of  crystals.  The  rod  color 
is  due  to  the  pigment  uroerj-lUriu  which  sticks  to  the  urie  aeid  tena- 
ciously aud  is  probably  iu  union  with  it.  To  redissolve  aud  purify  tlie 
uric  acid  suspend  the  crystals  iu  50  c.c.  of  water,  heat  to  boiling  aud 
add  to  the  hot  water,  litUe  by  little,  some  10  per  cent.  Nu,00i  solution 
until  solution  is  complete.  Do  not  use  more  of  the  sfidium  carbonate 
than  is  necessary,  as  it  destroys  uric  acid.  Now  make  strongly  acid  with 
liydrochloric  acid.  If  the  crj'stals  arc  not  white,  rodissolvc  them  in  a 
little  ooneentrated  sulphuric  acid  and  then  prucipitat*  the  urie  aeid  by 
adding  the  sulphuric-acid  solution  to  about  four  times  its  volume  of 
water.  Filter  the  crystals  under  suction,  make  llie  murexide  test  and 
the  other  tests  lucntioued  below  with  some  and  hand  Ihc  rest  to  the 
iustruelor  in  a  clean,  <lry  vial  as  a  preparation. 

Hcaciions  for  the  idcniification  of  uric  acid. 

*i6i.  Murexide  test. — See  page  720  for  the  reaction  involved. 
Place  a  few  crystals  of  uric  acid  iu  a  porcelain  disli,  moislan  them  witli 
a  drop  or  two  of  concentrated  nitric  acid  aiul  drj-  on  the  water  batli 
until  the  nitric  acid  is  compli^tely  gont;,  A  reddish  rosidiic  remains.  Now 
cool  this  and  moisten  it  with  dilute  ammonia  solution.  The  residue  bo- 
comes  a  violet  or  purple  red,  due  to  formation  of  ammonium  purpurate. 
Add  a  little  10  per  cent.  NaOH,  the  residue  becomes  a  bluish  violet.  On 
heating  the  color  disappears.  Of  Uie  other  purine  basos  adenine  and  hy- 
posanthinc  do  not  give  the  murexide  test.  Guanine  am)  xanthine  give  the 
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reaction  forming  the  yellow  nitroxantlime  first,  which  turns  violet  m 
purple  when  inoiateued  with  sodium  hydrate.  The  color  does  not  dis- 
appear on  heating. 

*  163.  Reducing  reactions. — Urie  acid  is  easily  oxidized  and  it  U 
accordingly  a  reducing  subfltance.  Many  tests  have  been  devised  for 
its  detection  based  upon  this  property.  None  of  these  are  specific^  ainec 
they  are  given  by  other  reducing  reagents.  Urie  acid  reducwi  Febling's 
solution.  Take  a  few  crystals,  di^olvc  in  a  liltle  aodiuin  tiydrate  oiul 
assure  yourself  that  they  reduce  Fehliug's  solution.  To  auoUier  portioa 
of  the  sodium-hydrate  solution  add  some  powdered  bismuth  sub- 
uitrate  and  heat  to  aoc  if  this  is  reduced  alao  Cl^'^t'^ec's  glucw 
reaction). 

163.  Schiff*8  reaction.— Dissolve  a  few  cryslals  of  uric  acid  in  a  few 
e.c.  sodium-car  bona  Iti  solution  (sotUum  hydrate  cannot  be  used  becaufi! 
il  prccipitalea  the  silver  as  brown  silver  hydrate),  the  solntion  being 
distinctly  alkaline.  Pour  a  drop  of  the  solution  on  a  filter  paper  motit- 
ened  with  silver  nitrate  solution.  A  black  spot  will  bo  formed  in  the 
pteeeace  of  uric  acid.  This  reaction  depends  on  the  power  of  the  uric 
acid  to  reduce  alkaline  silver  solutions. 

*  1C4.  Folin  reaction. — This  reaution  depends  tm  the  power  of  oric 
acid  to  reduce  sodium  phospbotnugstate  solution.  To  a  very  small 
amount  of  uric  acid  in  a  beaker  is  added  20  c.c.  satiirated  godiiua- 
carbonate  solution.  It  may  be  wanned  to  hasten  solution.  As  soon 
as  the  uric  acid  is  dissolved  add  1  o.e.  of  sodium  phoephotunestate  res' 
gent  (Polin's).  A  blue  color  is  oblained,  due  to  the  formation  of  a 
lower  oxide  of  tungsten. 

Folin 's  sodium  i)ho8photunB8tate  reagent  is  the  following:  100  grains 
pure  sodium  tungstate,  80  c.c.  85  pwr  eenl.  orlhophosphoric  aeid  and  750 
e.c.  distilled  water  are  boiled  gently  or  in  a  flask  with  a  reflux  con- 
denser for  lVi-2  hours.  Cool  and  dilute  to  1  liter.  This  solation  ti 
reduced  by  other  compounds,  for  example  by  polyphenols.  It  is  used 
in  the  toicrochemicol  estimation  of  uric  acid. 

165.  The  redueUoD  by  uric  acid  is  most  rapid  in  an  alkaline  solu- 
tion. Benciiict's  solution,  which  Is  reduced  by  carbohydratcflf  is  not  N 
alkaline  as  fchling's  and  is  hence  reduwd  by  uric  acid  at  a  very  much 
slower  rate.  Test  the  reducing  action  of  a  sodium -carbonate  eolntioo 
of  urie  acid  on  Benedict's  solution.    Experiment  17. 

*  1G6.  Precipitation  reactions  of  uric  acid. — The  insoluhilify  of  the 
free  acid  has  already  been  noted.  The  ammonium  salt  is  also  verj 
insoluble,  particularly  in  the  presence  of  other  soluble  ammonium  solte- 
This  mcUio4l  is  Uic  basis  of  the  quantitative  method  for  the  cstimalioa 
of  uric  acid  of  Hopkins. 

Make  a  saturated  solution  of  urie  seid  by  heating  somo  cryalab 
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with  10  C.C.  of  2  per  cent.  Na,CO|.  After  addiog  two  drops  of  ammonia, 
adtarAt«  the  iwlulion  wiUi  ammonium  chloride.  Note  Ihc  white,  amor- 
phous precipitate  of  ammonium  urate  which  forms.  If  desired,  the 
precipitate  may  b«  identified  as  uric  acid. 

*  167.  Precipitation  by  ammoniacal  silver  solution. — Add  an 
excess  of  ammonia  to  the  sodium-carbonate  aoluliou  of  uric  acid,  and 
then  a  few  drops  of  silver  nitrate.  A  wliite  prucipitntc  is  formed.  This 
ill  the  silver  compound  of  the  uric  acid.  Otlicr  purines  are  precipitated 
by  this  method  (sec  Salkowski'H  method). 

168.  Detection  of  uric  acid  in  urine  and  other  fluids. — To  show  the 
presence  of  uric  aeid  in  amall  quantities  of  urine,  Foliu's  method  may  be 
used.  Place  1-2  c.c.  of  urine  in  an  evaporating  dish,  add  1  drop  of 
saturated  oxalic-acid  solution  and  evaporate  to  complete  dryness  on  the 
water  hath.  >  Cool,  add  10  c.e.  95  per  cent,  alcohol  and  allow  to  stand 
for  5  minutes  to  extract  phenols  winch  will  also,  if  present,  give  the 
redaction  reaction  with  pliosphotungstate.  Pour  of^  the  alcohol.  Add 
Ui  the  residue  10  c.c.  of  water  and  a  drop  of  saturated  sodium-carbonate 
solution.  Stir  to  complete  the  solution  of  the  uric  acid ;  transfer  to  a 
small  beaker^  add  1  c.c.  of  Folin's  reagent  (sodium  phosphotungstate] 
and  20  e.e.  of  saturated  sodium  carbonate.  A  blue  color  indioates  th» 
presence  of  uric  acid. 

i6g.  Another  method  is  the  following  (Cole)  :  Take  50  c.c.  of  urine, 
add  2  drops  of  ammonia  and  then  saturate  with  powdered  ammouium 
chloride.  Allow  the  excess  of  ammonium  chloride  to  settle  for  15  sec- 
onds and  pour  off  into  another  beaker.  Allow  to  stand.  Note  the  gelat- 
inous precipitate  of  ammonium  urate.  Filter:  acrape  the  precipitate 
from  the  filter  and  transfer  it  to  an  evaporating  dish.  Add  3  or  4 
drops  of  strong  nitric  aeid  and  evaporate  to  dryness,  then  with  am- 
monia make  the  murexide  test.  If  urates  are  present  in  the  precipi- 
tate, they  will  give  a  poutive  reaction. 


Creatinine. 

*  170.  Preparation  of  creatinine.  Zfnc-chloridc  method. — Make 
500  c.c.  of  urine  alb&line  with  milk  of  lime  and  add  CaCL  solution  to 
eompleti'ly  precipitate  the  phosphates.  Filter,  acidify  the  filtrate  with 
aeelic  acid  and  evaporate  to  a  Kvnip.  Extract  the  creatinine  from  tha 
i^rup  by  treating  it  with  warm  9.5.99  per  cent,  alcohol,  100  c.c.,  in  two 
BO  C.C.  portions.  Allow  alcohol  extract  to  stand  8-24  hours  in  a.  cool 
place.  Filter.  A  little  sodium  acetate  is  added  to  the  alcoholic  filtrate 
to  reduce  the  acidity  and  about  1  c.c.  of  strongr.  acid-free  zicc-ehloride 
solution,  sp.  gr.  1.2.  Stir  and  allow  to  stand  2  to  3  days  in  a  cool  place. 
Creatinine  sine  chloride  crystallizes  out  as  a  sandy,  yellowish  powder 
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aposcd  of  Sue  needles  in  rosett««  or  balls.  Collect  bjr  filtering  od  s 
suctiou  filler,  wash  with  ult^ubol,  siuiptjnij  the  crj'Htals  in  a  little 
(100  c.c)  warm  water  and  add  soum  frusbly  precipitated  lead  hydrate, 
or  lead  oxide,  and  filter.  The  prw;iiiitatc'  in  lead  L-hloride.  I>ocoloriM 
tlie  0Uratu  with  luiUuul  diari^oal,  filterr  evaporate  the  sotation  to  dry- 
ness, extraet  with  strong  alcohol  (ereatinine  dtssolving,  creatine  remain- 
ing insoluble)  and  evaporate  the  ali-oliolie  extract  to  beginning  erj'stal- 
lizfition  and  then  allow  to  stand  and  crystallize.  Make  some  of  Uu 
following  tests  with  the  crystals.  The  crystals  when  pure  are  colorless, 
monoelluio  prisma. 

I7i.  Preparation  of  creatinine  from  the  urine  by  the  picrate 
method. — Add  to  500  cc.  of  urine  100  c.c  of  a  5  per  cent,  picric-acid 
jiolulion  in  ak-ohol.  A  crystalline  precipitate  of  the  double  creatimne 
end  potassium  picrate  is  formed.  Filter  this  oS  after  standing  over- 
night. While  still  moist,  heat  the  ci-ystals  iu  50  c.c.  of  water,  to  which 
is  added  a  little  potassium  bicarbonate  to  decompose  the  crj'stab.  Neu- 
tralize with  sulphuric  acid,  add  lour  volumes  of  alcohol  to  precipitate  the 
sulphates.  Filter.  Precipitate  the  creatinine  by  zinc  chloride  and 
soditun  acetate  as  in  t)ie  preceding  detci-mi nation  and  proceed  aa  is  the 
foregoing  experiment. 

*  173.  Reactions  for  the  detection  of  creatinine.  Weyl's  reac- 
tion. Nitroprusside  reaction.— Lilic  gome  other  reducing  substances. 
creatinine  gives  a  red  color  with  sodium  nitroprusside.  See  the  test  for 
acetone  (Legal's).  C>'s1cine  gives  a  similar  reaction.  To  5  cc.  of  urine 
in  a  ti-st-tubc  add  a  few  drops  of  a  dilute,  fresh  solution  of  fiodium 
nitroprusside  and  make  alkaline  with  sodium  hydrate.  A  ruby-rod 
color  which  fades  to  yellow  is  the  result.  U  this  solution,  cold,  is 
treated  with  au  exc^em  of  acetic  acid,  u  precipitate  of  the  uilrwio  com- 
pound (CtHaN^O,)  results.  If  acidiCvd  with  acetic  acid  and  heated,  the 
solution  becomes  green,  then  blue  and  Prussian  blue  sciMUntcn.  Dissolve 
one  crystal  of  the  creatinine  in  water  and  repeat  the  test  with  it. 

•173.  Picramic-acid  reaction.  Jaffe. — Creatinine  combines  with 
picric  acid.  If  made  alkaline,  it  reduces  the  picric  acid  forming  the  red- 
colored  picramic  actd.  See  page  41.  To  5  c.c.  of  urine  in  a  test-tube  add 
a  few  drops  of  picric-acid  solution  and  make  alkaline  with  sodium 
hydrate.  A  red  color  is  produced.  This  ronetiou  is  the  basis  of  Folio *■ 
creatinine  quantitative  method.  It  is  not  specific  for  creatinine,  but 
depends  on  the  reducing  action  of  creatinine  in  alkaline  sdution. 


Hippuric  acid. 

174.     Preparation  of  hippuric  acid  from  urine.    Roaf. — To  500  e* 
of  the  urine  of  a  horse,  or  cow,  add  125  grams  of  ammonium  sulphate 
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and  74>  cc.  eoncentrated  sulphuric  acid.  Hippurie  acid  crystalliKM  out 
Filter.  Wasli  the  or^rstals  with  a  little  cold  water,  redissolve  in  a  small 
amount  of  hot  vater,  boil  with  animal  charcoal  to  decolorize,  filter  and 
allow  to  cool.  The  hippurie  acid  crystalliz,e3  on  standing.  If  some  of  the 
crystals  at-e  evaporated  to  dryness  on  the  water  bath  with  1-2  cc  oou- 
ccutrat«d  uitric  acid  and  then  the  residue  heated  by  u  flame,  an  odor 
of  uitrobcusvuc  may  be  perceived.    What  is  the  origin  of  hippurie  acidt 

*  175.    Detection   of   indican. — ludican   is  the  potassium  salt   of 
indoxyl-sulphuric  acid. 
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ludicau  is  formed  from  the  iudoxyl  which  has  been  formed  from  ludolo 
by  oridalion.  Indole  is  derived  from  the  tryptophane  of  proteins  by 
procesacs  of  putrefaction.  The  priueuce  of  indicau  in  larger  than  usual 
quantities  in  the  urine  generally  means  excessive  putrefaction  in  the  ali- 
mentary canal.  In  constipation  the  indican  is  usually  increased.  Indi- 
cau ia  detected  by  converting  it  to  Indigo  blue  by  oxidation.  Various 
oxidizing  agents  may  be  used,  but  ferric  chloride  or  hypochlorite  is  usu- 
ally employed.  The  oxidation  takt^  place  in  strong;  acid  solution,  t)ie 
acid  splits  off  sulphuric  acid,  leaving  indoxyl  which  in  o.xidized  to  indigo 
blue. 

t*  176.  Jaffe's  indican  test. — Take  5  cc.  of  urine  in  a  test-tube  and 
add  5  cc.  of  concentrated  QCl  and  then  1  drop  of  a  IJ  per  cenL  KCLO* 
Solution.  By  the  action  of  the  acid  hypochlorite  is  formed.  Add  a  littlo 
chloroform,  2'^  cc,  and  sliake.    If  the  chloroform  settles  out  colorless, 

I  add  another  drop  of  hypochlorite  and  shake  again.  If  indican  is  present, 
t)ie  chloroform  should  be  colored  blue.  If  thymol  has  been  added  to 
the  urine  for  preserving  it,  the  chloroform  will  be  a  reddish  or  violet 
color  if  indican  is  present.  Xccp  on  adding  drop  by  drop  of  the  chlorate 
and  shaking  until  a  maximum  blue  is  obtained.  The  oxidizing  agent 
must  be  added  cautiously,  since  tlic  addition  of  too  much  carries  tlie 
Oxidation  to  indigo  white  which  is  colorleas.  Calcium  hypochlorite  or 
bleaching  powditr  itiuy  be  uKcd  in  this  teat  in  place  of  the  chlorate.  The 
Hfrcsult  is  the  same. 

H      *  177.    Detection  of  indican  by  ferric  chloride.    Ob«nnayer's  test. — 

Brhis  may  be  performed  either  directly  on  tjie  urine  or  after  partial 

purification  by  precipilalion  willi  lead  acetate.     The  test  in  the  latter 

ease  is  performed  as  follows:    Add  to  50  cc  acid  urine  5  cc.  basic  lead 
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acetate.  Filter.  Take  10  cc.  of  the  filtrate  in  a  test-tube,  add  an  equal 
volume  o£  concentrated  IlCl  containing  24  granw  PeCls  per  liter, 
and  2-3  e.c.  chloroform  and  shake  thoroughly.  The  chloroform  which 
settles  out  should  be  more  or  less  blue  if  indican  is  present.  There  is 
not  so  much  danger  in  this  test  of  overoxidatton  as  there  is  in  the  hypo- 
chlorite teat. 

DETECTION  OF  PATHOLOGICAL  CONSTITUENTS  OP  XJBIKfi. 

Detection  of  proteins. — Normal  urine  does  not  contain  protein.  In 
abnormal  conditions  various  proteins  may  occur.  Coagulahle  protetoa 
derived  from  the  blood  plasma  may  be  present  in  inflammation  of  tlH 
kidney,  or  nephritis ;  the  nephritis  being  either  chronic,  doe  to  a  chronie 
infection  of  tJie  kidney,  or  acute.  Acute  nephritis  may  accompany  sear- 
let  fever  and  other  diseases.  A  deutoro-olbumose,  generally  called 
peptone,  may  be  present  particularly  during  the  absorption  of  partialljr 
digested  pus  from  abscesses  or  in  the  absorption  of  pneumonia  exudate. 
Ad  especial  proteiu  called  the  Bence-<Ioues  protein  appears  in  tlic  urioe 
in  osteomalacia  or  multiple  myeloma.  This  is  more  nearly  rclatoi 
to  a  hctvro-albumostt.  The  nitrogen  in  the  protein  in  the  latter 
ease  may  amount  to  as  much  as  one-third  of  the  total  nitrogen  of  th« 
urine. 

*  178.  Coagulable  protein.— Very  little  of  this  may  appear  in  tie 
urine,  even  though  pretty  extensive  chronic  nephritis  prevails.  The 
presence  of  any  in  the  urine  simuld  be  regarded  nith  suspicion.  If  the 
urine  ia  clear  and  acid,  place  about  7  c.c.  in  a  test-tube  and,  white  holdiof 
the  tubo  inclined,  heat  the  upper  parts  of  the  tube  to  boiling.  If 
coagulable  proteiu  is  present,  this  part  of  the  urine  should  appear  CI0U1I7 
as  compared  with  the  unboiled  part.  U  it  becomes  turbid,  add  a  drop 
of  dilute  acetic  acid.  The  turbidity  might  be  due  to  phosphates,  bul 
these  dissolve  in  the  presence  of  dilut4?  acid.  The  protein  coagulutn  dots 
not  diKolve.  If  tlie  urine  is  alkaline,  make  it  before  boiling  very  faintljr 
acid  witli  dilute  acetic  acid. 

•  179.  Heller's  test. — Place  in  the  bottom  of  a  test-lube  about  4  cr- 
nitric  acid  and  holding  the  tube  inclined  pour  carefully  down  the  aiik 
of  the  tube  some  urine.  The  urine  should  float  on  top  of  the  nitric  acid 
In  the  presence  of  albumin  a  white  ring  appears  at  the  jimction  of  tht 
liquids.  This  is  a  very  delicate  test.  It  may  happen  that  there  is  1 
ring  of  urea-uitrale  or  uric  acid  in  concentrated  urines.  If  the  ring 
>fi  due  to  those  snbstances,  it  will  disappear  on  diluting  the  urine  and 
repeating  the  test.  Urines  preserved  with  thymol  may  ^ve  a  ring  aJ 
nitrothymol.  The  thymol  may  be  separated  from  the  urine  by  cxtiaet 
ing  it  with  a  little  naphtha.    Resinous  suhstaneea  which  appear  in  tte 
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urine  after  a  person  has  been  treated  with  balsams  also  may  produce 
A  white  ring.  It  is  well,  therefore,  to  further  identify  the  protein,  if 
the  t«st  is  positive.  The  colored  ring  which  develops  due  to  the  oxidation 
of  various  chromogens  may  be  disregarded- 

i8o.  Various  modilicatioias  of  these  t«sts  liave  been  proposed.  Vari- 
ous sails  such  as  sodium  chloride  are  added  to  the  urine,  or  to  the  nitric 
acid  to  increase  the  delicate  of  the  test.  The  UeUer  test  is,  however, 
already  sufficiently  delicat«  for  all  ordinary  purposes.  The  ideatifics* 
tion  of  the  protein  can  be  confirmed  by  trying  the  precipitation  test 
with  potassium  Xcrrocyanide  and  acetic  acid.  Make  the  uriue  faintly 
acid  with  acetic  acid  and  add  a  drop  of  pota&aium  fcrrocyauidc  solution. 
In  the  presence  of  albumins  or  protalbumose  a  white  precipitatii 
appears. 

A  case  came  under  the  author's  observation  io  which  the  orine  con- 
tained so  little  protein  that  ii  was  with  great  difBculty  that  its  presence 
could  be  certainly  ustablished.  At  Umes  the  urine  was  free  from  pro- 
tein. The  person  died  not  long  afterwards  of  an  acute  infection,  and 
on  autopsy  the  kidneys  were  found  to  have  been  the  scat  of  a  long- 
standjtig  and  extensive  nephritis. 

*  iSi.  Quantitative  estimation  of  albiunin  present.  Eabach's 
method. — Principle.  The  method  consists  in  precipitating  the  protein 
with  picric  acid  and  estimating  the  volume  of  the  precipitate.  A  gradu- 
ated tube  known  as  Esback's  albuminomF.ter  is  used. 

Process.  Fill  the  tube  with  urine  to  the  mark  U  and  then  add  the 
picric-acid  reagent  to  the  mark  R.  Cork,  mix  by  inverting  a  couple  of 
times  and  then  allow  to  stand  upright  for  24  hours.  At  the  end  of 
that  time  read  off  on  the  scale  etched  on  the  tube  the  height  of  the 
colmnn  of  precipitate.  The  figures  give  the  number  of  grams  of  dried 
protein  in  a  liter  of  urine.  If  the  amount  is  less  than  0.05  per  cent., 
it  cannot  Tjc  accurately  determined  in  this  way.  If  the  precipitate  comoa 
above  5,  it  is  bettor  to  dilute  tbe  urine  once  and  repeat. 

Picric-acid  reagent.  Dissolve  10  grams  picric  aeid  and  20  grams 
citric  acid  in  800  e.e.  boiling  water,  transfer  to  a  1,000  c.c.  volumetric 
flask,  coot  and  make  up  to  the  mark. 

iSa.  The  coagiilahlc  protein  can  also  be  directly  determined  by  boil- 
ing 50  c.c.  of  iirini',  slightly  acidified  with  acetic  acid,  till  the  separation 
is  complete,  filtrriiig  through  a  dried  weighed  filter  paper,  washing  thor- 
oughly with  hot  water  and  alcohol,  drying  and  reweighing. 

183.  Bence-Joncs  protein. — This  protein  is  detected  by  its  pcea- 
liarity  of  becoiuiug  iiiiioliible  on  heating  to  60°  and  the  precipitate  rodis- 
solving  on  heating  to  boiling. 

If  the  urine  is  arid,  it  may  he  heated  directly;  !f  alkaline,  make  it 
faintly  acid  with  acetic  acid.    Ileat  slowly.    The  urine  becomes  turbid 
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at  about  45*  &nd  a  precipitate  appears  at  60*  w&ich  redissolves 
£urlltcr  heatiti^  to  boiliug.    On  cooling  the  revur»o  pbenomeua  appear. 

*  184.  Albumose. — Tliiii  can  be  detected  it  'm  sufBcient  qnantit}' 
by  ttic  rost:-color«U  biuret  test  Id  urine  which  will  not  coagulate  on  beat- 
ing. II.  may  also  be  detected  as  followa:  Uemove  the  coagulable  protein 
by  beating  to  boiliug  the  faintly  acid  urine  and  filtering.  In  the  filtrate 
a  biuret  reaction  or  a  ring  test  with  Spieglcr's  reagent  iudicatea  the  ptcft- 
euce  of  albumose  or  peptone. 

Spieghr'a  reag&nt.  HgCJ,,  40  grams;  tartaric  acid,  20  grams;  NaCl, 
50  grama;  glycerine,  100  grams;  H.O,  1,000  c.e.  This  rcagout  is  a  very 
delicate  test  for  proteins,  as  both  alt)ujuo«cti  and  peptouc-s  are  precipi- 
tated by  it.  It  is  utKid  iu  the  same  way  aa  the  nitric  acid  In  HellerV 
te&L  1  part  protein  in  i^00,000  can  be  delected  by  it.  Control  it  by 
normal  urino. 

*  1B5.  Detection  of  glucose  in  urine. — Glucose  appears  in  the  urine 
ander  tbe  circumstancea  already  described  on  page  T&l.  If  the  urine  ii 
light  colored,  of  large  volume,  three  liters  or  mor«  per  day,  and  with  s 
normal  specific  gravity,  the  presence  of  glucose  is  indicated.  To  detact 
glueoue  tliree  or  four  methodK  may  be  used:  i.e.,  rcducLiou  test  with 
Kehliug's  or  Benedict's  solution,  reduction  of  bismutti  subnitrale, 
polarimeter  examination,  the  fermentation  by  yeast,  formation  of  pheoyl- 
glucosazoue.    The  best  method  is  Benedict's  or  lS9(a). 

*  186(a).  To  4  C.C.  of  urine  add  on  equal  quantity  of  Febling's  mix- 
ture, p.  860,  and  heat  to  boiling.  Boil  for  a  few  moments.  In  tlie 
presence  of  glucoec.  lactose  and  some  other  substances  a  red  precipitate  of 
cuprous  oxide  is  formed.  Normal  urine  has  some  powers  of  reduction, 
but  not  sufficient  to  form  a  precipitate  of  cuprous  oxide  under  thtae 
conditions.  Caution:  If  chloroform  ha.^  been  added  to  the  urine  U  a 
preseni'ative,  it  will  itself  reduce  Fehling's  solution. 

186(b).  Benedict's  qualitative  reaction. — To  5  cc.  of  the  special 
Benedict  reagent  (see  experiment  220)  heated  to  boiling,  add  8  drops 
of  tbe  urine  and  boil  vigorouaty  for  two  minutes.  Tbe  fluid  will  contain 
a  dense  but  very  iindy  divided  red,  yellow  or  green  precipitate  if  ^• 
COM  to  the  extent  of  0.05  per  cent,  or  more  is  present.  The  green  pre- 
cipitate appears  with  tbe  lower  concentrations  and  the  red  with  the 
higher.  It  is  best  ordinarily  not  to  use  more  than  8  drops  of  the  oriotk 
although  if  tbe  urine  is  very  dilute  as  to  uric  acid,  creatinine  and  phon 
phates,  one  may  use  as  much  as  16  drops  of  the  urine  to  5  cc.  reagent 

*  187.  Many  substances  besides  glucose  reduce  Febling's  solution- 
The  reduction  might  be  due  to  lactose,  pentoses,  aromatic  bodies,  urates 
creatinine  or  glycuronic  acid,  for  example.  If  glucose  is  present,  tb* 
urine  will  be  dextro-rotatory  and  will  reduce  bismuth  subnitrate  and 
ferment  with  yeast.    Nylander's  reaction.    Bismuth  subnitrate  rcactioa 
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To  5  C.C.  of  nrinfl  in  a  tcet-tobe  add  a  little  powdered  bismuth  sabm- 
trale,  make  the  urine  alkaline  with  sodium  hydrate  and  hf^at  to  boiling 
for  a  few  minutes.  If  glacoee  \&  present,  tb«  subnitrate  will  be  reduced 
to  the  blatfk  bismuth. 

•  i88.  Fermentation  test. — Fill  a  fermentation  tube  with  urine 
which  has  not  Wen  preserved  by  the  addition  of  formol  or  other  prcsorv* 
afive.  and  in  which  eome  yeast  has  been  suspended.  Place  in  a  warm 
place  (40*).  If  the  reducing  body  is  glucose,  the  yeast  will  ferment  and 
a  gas  will  collect  in  the  dosed  arm  of  the  tube.  Lactose,  pentoses  and 
glyouronic  arid  or  aromatic  substances  will  not  ferment. 

•  189.  Form  the  osazone  in  the  method  drseribcd  in  experiment  24. 
IP  tlie  osazone,  the  reduction  and  the  fermentation  tests  arc  positive,  it 
may  be  concluded  that  the  substance  is  glucose  or  Icvulose.  The  rotation 
will  diatinguiah  between  these  two.  The  melting  point  of  the  osazone  can 
also  be  determined. 

i8g(a).  The  identiBcatton  of  small  amounts  of  glucose  and  lactose 
in  urine  (Cole). — Tiiis  is  probably  the  best  method  of  identifying  sraall 
amounts  of  glucose  and  lactose  in  urine  in  the  shortest  time. 

Principle.  The  use  of  Fehling'a  solution  for  the  deleetion  of  glucose 
is  open  to  the  following  disadvantages:  1.  Other  snbstanoes  than  glucose 
rwluce  this  solution:  namely,  pentoseit.  glycuronic  aeid,  laolose,  urates, 
iTcatiniiie  and  some  aromatic  bodies.  Moreover,  creatinine  holds  the 
coprons  oxide  in  solution  so  that  it  docs  not  precipitate.  2.  The  strong 
alkali  used  will  destroy  small  amounts  of  glucose.  To  many  samples  of 
urine  as  much  as  0.5  por  cent,  of  glucose  can  be  added  without  produc- 
ing more  than  a  greenish  cloud  with  Fehling.  Normal  nrine  contains 
between  0.03  and  0.08  per  cent,  of  glucose.  Benediot's  solution  removes 
many  of  these  difTieulties  because  by  the  use  of  carbonate  in  place  of 
sodium  hydrate  the  reducing  action  of  urie  acid  and  creatinine  is  elimi- 
nated. Cole  proposes  the  followiojr  improvement  on  Renedift  (Cole, 
IjOncet,  September  20,  1913).  The  principal  improvement  introduced 
is  that  glucose  is  not  adsorbed  by  good  blood  charcoal  in  the  presence 
of  acetic  acid,  whereas  other  reducing  substances,  and  particularly  lac- 
tose', are.  In  the  absence  of  acetic  aeid  small  amounts  of  glucose  are 
adsorbed.  In  the  actual  reduction  also  sodium  carbonate  is  used  in  place 
of  sodium  hydrate. 

Procedure.  "  In  a  dry  boiling  tube  or  large  tp.8t-tnbe  plaec  about  1 
gram  of  Merck's  pure  blood  charcoal.  (A  spatula  about  three-eighths  of 
an  inch  broad,  well  piled  up  with  the  charcoal  for  just  over  an  inch, 
carries  about  '/;  gram.  Merck's  '  Blulkohle  mit  saure  gcreinigt  '  is 
recommended.)  Add  10  c.e.  of  the  urine  and  shake  from  side  to  aide 
to  mix  thoroughly.  Ileal  to  boiling  point,  shaking  the  whole  time.  Cool 
thoroughly  under  the  tap  and  shake  at  intervals  for  about  five  nunut«8. 
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Filter  throagb  a  small  paper  (9  to  11  cm.  in  di&meter)  into  a  ratber 

wide  test-tube  cootaining  about  half  a  gram  of  anhydrous  sodium  car- 
bonate. When  the  fluid  has  filtered  tJirough,  add  6  drops  of  pure 
glycerine  (the  glycerine  used  muKt  not  itself  redu*.'^  the  copper),  shake 
and  beat  to  boiling.  Note  the  time  when  boiling  comments.  Maintain 
active  boiling  for  50  Kcconds,  shaking  from  side  to  side  to  prevent  spurt- 
ing. Immediately  odd  4  drops  o£  a  5  per  cent,  solution  of  crystallized 
copper  sulphate.  Shake  for  a  moment  to  mix  the  solutions,  and  alio* 
the  tube  to  stand  without  further  heating  for  one  minute.  With  normal 
nrine  the  fluid  remaius  blue,  with  a  variable  amount  of  a  grayish  predpi> 
tate  of  tlie  earthy  phosphates.  If  glucose  is  present  to  the  extent  of 
0.02  per  cent,  or  more,  above  the  average  norma!  amount,  the  bine  color 
is  discharged,  and  a  yellovrish  precipitate  of  cuprous  hydroxide  fonoL 
The  rapidity  with  which  the  precipitate  forms  ia  a  rough  measure  of 
the  amount  of  glucose  present.  With  0.05  per  cent,  it  appears  in  a  fev 
seconds.  With  0.02  per  cent,  it  may  not  appear  till  50  seconits.  A 
yellowish  precipitate  or  coloration  appearing  after  60  seconds  must  not 
be  taken  as  evidence  of  abnormal  glycosuria.  It  may  be  due  to  tie 
normal  amount  of  sugar  in  the  urine. 

Remarks.  The  method  is  moro  sensitive  than  Benedict's  and  Nyl&n- 
der's.  CHCl,  does  not  give  a  positive  result  even  when  present  in  ooo* 
aidcrabtc  excess.  Urines  of  patients  treated  with  clUoral  hj'dratc  and 
contajning  glycuronates  arc  also  negative.  There  ia  no  neoeasi^  tt 
remove  albumin,  hut  it  is  advisable  to  do  »o  by  boiling  and  filtering 
before  treatment  with  charcoal.  If  specific  gp.  of  urine  is  more  thaa 
3,025,  dilute  with  equal  volume  of  water  and  toko  10  c.c.  of  the  ditottd 
urine.  With  a  modiiication  of  this  method  Cole  detocts  one  part  of 
glucose  in  a  million  parts  of  water,  when  glucose  is  present  alone. 

*  189  (b).  Method  of  distinguishing  lactose  and  glucose  in  urine 
(Cole) — In  the  ease  of  urine  from  a  pregnant  or  nursing  woman  the 
following  procedure  should  br  adopted :  "  Treat  20  c.c.  of  the  urine  witfc 
1  gram  of  charcoal  in  the  method  described  in  189(a).  Treat  the  wholft 
of  the  filtrate  with  another  pram  of  charcoal  and  repeat  the  prooeii" 
(by  this  means  the  lactose  is  adsorbed  by  the  charcoal),  "  To  5  cjC. 
of  the  filtrate  from  this  add  ^  gram  of  anhydrous  Na.CO,  and  6  drofia 
of  glycerine  and  boil  for  50  seconds.  N'ow  add  to  the  hot  solution  4 
drops  of  5  per  cent.  CuSO,  solution  and  set  the  tube  aside  for  1  minntd. 
A  reduction  appearing  within  the  specified  time  indicates  the  presenee 
of  at  least  0.04  per  cent,  of  glucose  in  the  urine. 

If  less  than  0.3  per  cent,  of  lactose  is  present,  it  is  entirely  adsorbwl 
by  10  per  cent,  of  charcoal,  as  in  the  routine  method.    By  using  5  p«r< 
cent,  of  charcoal,  as  in  the  special  modificatioti,  a  considerable  Maonnt 
of  lactose  ia  removed,  and  that  left  is  entirely  adsorbed  by  tlie  second 
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treatment.  The  a<ldition  o£  1  per  eeat.  lactose  to  uormal  urine  fails 
to  give  a  positive  test  in  tbe  filtrate  by  this  method,  whenias  0.04  per 
cent,  glucose  added  gives  a  diMinct  rcActioiL  If  this  teat  gives  a  nega- 
tive result,  and  the  original  urine  responds  to  Benedict's  test,  the  urine 
almost  certainly  eontains  lactose. 

189(c).  Identification  oE  lactose  in  urine  (Cole). — Principle. 
Adsorption  of  lactoee  hy  charcoal  and  the  fomialiou  of  lactosazone  in 
tlie  presenee  of  acetic  aeld. 

Frocedtire.  To  1  gtn.  of  charcoal  add  25  cc.  of  suspected  arine,  mix 
bjr  shaking,  boil  for  a  few  seconds,  cool  thoroughly  and  shake  at  inter- 
vals for  10  minutes.  Filter  through  a  small  paper  or  use  a  filter  pump. 
Wheu  tlie  charcoal  has  eoraplctely  drained,  transfer  it  to  a  porcelain  dish 
containing  10  c.e.  of  wafer  and  1  c.c.  glacial  acetic  acid.  This  is  beat 
done  by  opening  the  paper,  holding  it  by  the  clean  half  and  moving  it 
aboat  in  the  liquid.  The  greater  part  of  the  ebarcoal  is  thus  removed 
from  the  paper.  Stir  the  charcoal  with  a  glass  rod  and  transfer  the 
mixture  to  a  boiling  tube.  Heat  to  boiling  for  about  10  seconds  and 
filter  the  hot  solution  through  a  small  paper  into  a  teat-tube  containing 
as  much  solid  phenyl-hydrazine-liydrochloridc  as  will  lie  on  a  quarter, 
and  twice  this  amount  of  solid  sodinm  acetate.  Mix  thoroughly  and 
filter  from  any  insoluble  oily  residue.  Place  the  tube  iu  a  boiling  water 
bath  and  leave  it  there  for  45  minutes.  Remove  the  tube  and  allow  it 
to  stand  at  room  temperature  for  at  least  one  hour.  Tt  is  advisable  to 
allow  it  to  stand  longer  if  possible.  Pipette  off  a  little  of  tlie  deposit, 
if  any.  and  examine  it  on  a  slide  under  the  high  power  of  the  microscope. 
Lactofiazono  co'stallizes  in  chararterisliL-  clumps  with  projecting  spines 
("  hedcn-hog  "  crystals).  If  desired  filter  off  crystaLt.  redissolve  in  hot 
water  and  allow  to  rocrystallizc.    MeltinR  point  of  crystals  200'  C. 

*  190.  Detection  of  acetone  in  urine.  Detection  in  the  undis- 
tilled  urine.  Legal's  nitroprusside  reaction. — To  5  e.c.  of  urine  in  a 
last-tube  add  a  few  drops  of  a  frpsh  dilute  solution  of  sodium  nitroprus. 
side  and  thpn  make  the  urine  alkaline  with  sodium  hydrate.  A  ruby-red 
color  results  both  in  normal  and  abnormal  urine,  due  to  the  creatinine 
of  the  urine.  If  the  nrine  is  now  made  acid  with  acetic  acid,  if  creatinine 
alone  is  responsible  for  the  color,  the  solution  will  becomft  yellow,  whereas 
if  acetone  is  present  the  red  color  is  intensified  by  the  addition  of 
acetic  acid.    Control  this  test  with  normal  nrine. 

*  191.  Rothera's  nitroprusside  reaction. — ^This  test  is  better  than 
Iiegal'e.  To  5  e.c.  of  urine  add  a  little  solid  ammonium  sulphate  and  2-3 
drops  of  a  fresh  5  per  cent,  solution  of  sodium  nitropmsstde  and  1-2 
c.c.  of  concentrated  ammonium  hydrate.  If  acetone  is  present,  a  per- 
manganate color  develops. 

Acetone  may  be  more  accurately  detected  iu  the  distillate  from  urine. 
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Distill  aliotit  20  c.c  of  liquid  from  2D0  c.c.  of  urine  acidified  by  the 
addition  of  scvcrftl  drops  of  concentrated  HCL  Use  a  good  water  con- 
denaer,  as  nrctone  is  volatile.  The  distillate  may  be  subjected  to  the 
following:  e;c  ami  nation. 

•  19a.  Iodoform  test. — Ounning*s.  To  5  c.e.  of  the  distillate  (un- 
distUled  urine  may  be  used)  add  a  few  dropg  of  KI,  Bolutioh  (Lngors 
=  4  grams  iodine;  6  graius  Kl;  100  c.c.  water)  and  enough  NIIjOU 
(5-10  drop«}  to  make  a  black  precipitate  of  nitrogen  iodide.  On  stand- 
iug  this  is  clian^d  to  iodoform  (CHI^).  Detect  tliis  by  the  odor  anil 
by  examining  the  crystals.  They  are  yeUow  in  color  and  form  hexagonal 
plates  and  rosettes.  Neither  alcohol  nor  aldehyde  form  iodoform  under 
these  conditions.  Acetoocetic  acid  is  decomposed  by  heating  with  acid, 
BO  that  the  distillate  contains  acetone  from  this  as  well  as  prcfonned 
acetone. 

•  193.  Detection  of  acetoacetic  acid.— CH,.CO.CH,.C0OTT.  Di»- 
cetio  aeid  is  readily  decomposed,  forming  acetone  if  llie  aeid  urine  is 
boiled.  It  gives  a  much  more  sensitive  reaction  wilb  sodititn  nitm- 
pnis-side  than  does  acetone  in  the  Le  Nobel  test.  The  lest  may  he  made 
in  the  following  way  (ITarding  and  Ruttan,  Biochcm.  Journal,  VT,  p. 
445, 1912).  Acidify  the  nrine  witli  acetic  acid,  add  0.5  c.e.  N/10  sodium 
nitropnisside  (1  c.c.  -  0.0298  grs.  Na,F6(CN)sN0.2H,0)  and  then 
overlie  Uie  solution  with  concentr&ted  aqueous  NH,OH.  A  violet  Hoc 
is  produced.  This  is  a  modification  of  Taylor's  method  of  carrying  out 
the  reaction.  Acctoaootic  acid  gives  this  reaction  far  better  than  acetone. 
A  solution  of  acetone  0.057  per  cent,  gives  a  very  faint  reddish -Tiolet 
ring  after  about  20  minutes.  Aectoacetic  acid  gives  it  at  once.  Aceto- 
acetic acid  1  pt.  in  30.001)  will  give  a  positive  reaction.  Tt  is  far  more 
delicate  ihaii  the  Gorhiirdt  ferric-chloride  lest. 

•  ig4(a).  Gerhardt's  reaction  for  acetoacetic  acid. — To  6  ce.  of 
nrine  in  a  test-tube  add  ferric-chloride  solution,  drop  by  drop,  as  loaf 
as  a  precipitate  forms.  An  addition  of  more  i''eC],  to  the  filtrate  pro- 
duces a  Bordeaux  red  color  if  acetoacetic  acid  is  present.  1  pt.  id 
7,000  is  the  limit  of  the  reaction.  Many  other  substances  give  this  reac- 
tion witli  FeClg,  -luoh  as  ealieylie  acid,  and  substances  excreted  after  the 
ingestion  of  antipjTiu,  phenacetin  and  thallin.  It  is  an  enol  reactioQ. 
Acetoacetic  acid  may  be  extracted  from  the  urine  by  acidifying  and 
shaking  with  ether  and  the  test  made  in  the  ctlier  extract.  Acetone  does 
not  give  this  reaction. 

•  194(b).  Salicylaldchyde  reaction  for  acetone. — To  5  c.c.  nriw 
(or  better  distillate)  add  1  c.c.  of  a  10  per  coot,  alcoholic  solution  of 
salicylaldehyde,  ahake  veil  and  introduce  a  piece  of  solid  NaOH  aboat 
the  size  of  a  large  pea.  Set  aside.  Prepare  a  control  tube  with  distilled 
water  or  normal  nrine  in  the  same  way.    In  case  acetone  is  present  to 
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the  ext«Dt  of  0.01  per  cent,  or  more  a  deep  orange-retl  riug  is  formed 
at  the  juDctioo  of  the  two  layers.  NonQsL  urines  and  urin<vs  contntning 
aldcliydos  give  a  yellowish  to  brown  ring.  The  red-colored  substance 
formed  with  acetone  is  O.O-dio^cydibensol  acetone. 

*  194(c).  Black's  reaction  for  beta-oxybutyric  acid. — Concentrate 
15  c.c.  urine  to  5  cc.  on  Uie  sttistn  batli ;  this  is  done  to  remov«  any 
aceloacetie  aeid  which  may  be  present  Now  add  two  drops  concen- 
trated HCl  and  the  least  quantity  of  piaster  of  Paris  necessary  to  form 
a  solid  mass.  Pulverize  this  mass  and  extract  twiee  with  ether.  Evapo- 
rate tbc  ether  extract  without  loss,  add  5  c.c.  water  and  a  small  amount 
of  BaCO,.  To  the  almost  neutral  water  layer  now  add  2  or  3  drops 
hydrogen-peroxide  solution,  shake  and  add  a  few  drops  of  5  per  cent 
FeClj.  Set  aside  for  a  few  minutes.  If  bcta-oxybutyric  acid  was 
present,  it  has  been  oxidized  to  aeetoacetic  acid  and  gives  the  usual  red 
color  with  ferric  salts.  KInek  claims  this  method  will  detect  the  acid  in 
eoneentrations  of  1 :  10.000. 

195.  Detection  of  glycuronic  acid.— CH0.(CHOH),.CO0n.  See 
page  755.  This  acid  gives  many  of  the  relations  of  Iho  peutoaes.  It 
may  be  differentiated  as  follows  (ToUcn's  reaciwn)  :  Add  to  equal  quail* 
titles  of  urine  and  conceulraU-d  hydrochloric  acid  0.5-1  c.c.  of  a  1  per 
cent,  naphthorcsorcin  solution  in  aioohol.  The  solution  iR  heated  slowly 
to  boiling  and  boiled  one  minute,  shaking  the  tube  constantly.  Allow 
to  stand  and  cool  for  four  minutes,  then  eool  under  the  lap  and  shako 
cut  with  ether.  The  red  or  violet  color  goes  into  the  ether  if  8  glyeuro- 
nate  was  preaenl,  but  is  insoluble  in  etlior  if  the  color  is  due  to  a 
pentose  or  hexoae.  The  ether  solution  examined  spcetroscopically  shows 
two  bands,  one  on  the  D  line  and  one  between  D  and  K. 

Glycaronates  reduce  Fchling'n  solution,  biit  they  do  not  ferment 
with  yeast.  On  heating  with  strong  acid  the  glycuronic  acid  is  sot 
free.  In  the  free  state  it  is  dextro-rotatory.  In  the  paired  condition  it 
is  levo-rotatory.  It  occurs  In  the  urine  normally  in  very  small  amounts; 
in  larger  quantities  after  ocrtnin  dnigs  are  taken  (soe  page  755). 

196.  Detection  of  glycuronic  acid  in  urine  (Totlens-Nouberg 
and  Sehwkct.  Biockcm.  Zfitschrift,  44,  1912,  502). — In  a  small  aepara-" 
tory  funnel  place  10  c.c.  fre.sh  urint;  with  2  c.c.  dilute  H5SO,.  Add  at 
once  10  c.c.  ordinary  alcohol  and  20  c.c  ether.  After  several  strong  shak- 
ing8.  hasten  the  separation  by  the  addition  of  a  few  c.c.  of  water  or  NaCl 
solution.  As  soon  as  the  ether  layer  is  separated,  draw  oflT  the  alcohol- 
water  layer  and  shake  the  ether  with  2-3  c.c.  H,0  or  NaCI  solution. 
Separate  the  ether  carefully  and  filter  through  a  small,  dry  filter  into 
a  porcelain  dish.  Add  5  c.e.  wat4>r  and  evaporato  the  ether  on  the 
water  bath.  Divide  the  fluid  wliic-h  remains,  and  which  may  have  some 
oil  drops  or  be  slightly  cloudy,  into  two  parts  and  teat  oner  with  orcin 
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and  the  other  with  naphthorcsorcin.  B;  usLng  10  c.k.  of  normal  urine 
both  tests  are  positive.  By  shakine  out  with  cthcr  the  glycaronic  add 
esters  are  separatod  from  xhe  peutos«s  which  may  be  present  and  which 
give  similar  reactions.  If  Lbe  amouut  of  glyciirooic  acid  is  small,  the 
ani^'l-sleoliol  exti-act  of  Iha  orclu  l«sl  only  fsivvii  a  plain  absorption  band 
after  standing. 

197.  Detection  of  pentoses. — These  occnr  in  the  urine  in  diseaac  of 
the  pancraas  and  in  some  otJicr  conditions,  the  amount  deponding  00 
the  amount  eaten.  There  is  sUII  some  doubt  about  Die  character  of  the 
pentose  foimd  io  the  urine  in  endi^oous  pentosuria.  The  presence  of 
pentoses  may  be  inferred  if  the  urine  reduees  Fehling's  solntion,  does 
not  ferment  witli  yeast,  gives  a  pcwilive  reaction  by  Tollen's  naph- 
thoresorein  reaction,  the  color  being  insoluble  in  ether  j  and  fomis  fur- 
fural when  the  urine  is  made  strongly  neid  with  phosphoric  or  hydro- 
chloric acid  and  distilled.  Furfural  comes  off  both  from  pcntxises  and 
glyeuronates.  The  other  pentose  reactions  may  also  be  tried:  i.e.,  with 
phloroglucin  and  oreinol.  To  make  the  phlorogiucin  test,  take  1  cA. 
of  2  per  cent,  phlorogiucin  solution,  5  e.c.  of  concentrated  HCl  and  6  ce. 
of  urine,  mix  well  and  immerse  in  boiling  water.  A  red  color  indicates 
pentose  or  glycuronic  acid.  In  using  orcinoi  proceed  in  the  same  wi^, 
but  use  half-saturated  orciuol  solution,  1  c.e.,  in  place  of  the  phlorogln- 
cin.  A  blue  color  aud  precipitate  indicates  pentoses  (see  page  dG6). 
Extract  the  color  with  amy!  alcohol. 

*  igS.  Detection  oF  bile  salts.  Reduction  of  surface  tension  of 
urine.  Hay's  test. — Bile  lowers  the  surface  tension  of  water.  This 
lowcrini;  may  bo  detected  by  sprinkling  some  Sowers  of  sulphur  on  the 
surface  of  the  urine.  In  the  presence  of  bile  the  sulphur  falls  at  once 
to  the  bottom  of  the  beaker.  In  normal  nrine  it  floats  on  the  sur 
face.  Other  greases  act  in  the  same  way  aa  bile.  The  reaction  is  not 
specific. 

•  igg.  Pettcnkoter's  test  for  bile  salts. — This  has  already  been 
described  in  experiment  117,  page  917.  A  red  ring  is  formed  at  the 
junction  of  the  sulphuric  acid  and  the  urine  after  the  addition  of  a 
•crystal  of  saccharose.  Keep  the  temperature  below  70*  iu  making  thii 
test.  A  little  furfural  may  be  added  in  place  of  the  saccharose.  Tlie 
test  remains  essentially  the  same. 

•aoo.  Detection  of  bile  pigments  in  urine. — Gmolin's  test  already 
described  ean  be  applie*!  to  the  urine.  Pour  5  c.e.  of  urine  over  some 
concentrated  nitric  acid  in  a  tcflt'tube,  holding  the  tube  inclined  wbUe 
pooriug  80  that  the  liquids  do  not  mix.  At  the  zone  of  contact  a  seriei 
of  violet,  green-blue  and  rc<1  coloretl  rings  develop  in  the  preMOU* 
of  bile.  The  blue-green  ring  is  characteristic.  Indoxyl  aud  scatoxyl  alM 
produce  colors  tn  this  teaU    Urobilin  does  aoL 
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3oo(b).    The  bile  pigmonts  «&□  also  be  detwted  by  tli«  Huppen-Colc 
reaction  d«s(^ribe<l  in  experiment  IIS. 

300<c).  Examination  for  other  pigments. — (a)  UraUUn.  To  ft 
ce.  urine  add  an  equal  volume  of  a  10  per  oent.  solulion  of  xinu  acetate 
in  absfriate  alcohol  and  filler.  Tlie  filtrate  sliouliJ  poasnn  a  nxldish- 
green  fluorcscmre.  In  case  this  gives  a  nefratirc  result  shake  10  i.\c. 
urine  with  5  c.c.  warm  orayl  alcohol  &ft«r  AcidifyinK  with  liydroi^hloric 
acid.  Bemove  thti  amyl-alcohol  la^'er,  fitter  ii  neceasary,  render  it  alka- 
line with  NHfOH  and  add  '.2  volume  of  the  10  p<>r  cent,  alcoholic  xinc- 
at-elate  iwlution.  Shake.  Green  fiuoresoem.'e  if  urobilin  pn.>et>nt. 
B  (b)  Bile  pigments  (Gmelin-Rosenbach  reaction). — Saturate  a  pieec 
'  of  filtfir  paper  with  urine  by  fiU^ring  much  urine  ibroiigli  it.  Altuw  \X 
to  drj-  partially  and  drop  thereon  a  few  drops  of  conccntrBlal  nitric 
arid.    Around  carh  drop  of  nitric  acid  soon  appears  a  scrim  of  coni«n- 

ttric  rings — ^yellow-red,  red.  violrt,  bine  and  crfcn. 
(c)  Huppert-Nakayama  reaction  for  bile  pigments. — To  6  o.e.  uriiw 
in  a  centrifuge  tubf  add  5  c.c.  5  per  cent.  BaOl,  solution,  mix  and  cen- 
trifuge. Pour  off  Ibe  supernatanl  ■■lenr  solution,  add  I0  tin*  pre^'ipitato 
2  e.e.  of  tlienpecial  ferrie-ehlortdu  reagent  (4.0  gramu  Ki-n,  iIikhoIvchI  in 
b990  c.e.  95  per  cent,  alcohol  -}-  10  c.c.  eoncentratod  UC\)  and  heat  to  hoil- 
"  ing.  The  solution  becomes  green  I0  bluish  gn^in  and  ttfl<T  adding  a  drop 
of  concentrated  nitric  acid  (yellow)  the  solution  liecomea  violet  and  red. 

I  This  reaction  issUted  to  delect  1  part  bitinibin  in  1,000,000  iHtrls  urine. 


Blood  in  Urine. 


*20i.  Hemoglobin  derivatives. — (a)  G-uaiac  reartian.  To  5  o.c. 
[octd  (slightly)  iirin<!  add  about  O.-l  p.m.  of  a  fri'ahly  prepnn'd  tincture 
|of  guaiac.  mix  and  then  add  about  1  c.c.  old  turpontinr.  Shake  thor- 
oughly and  set  aside  for  a  few  minutes.  If  a  green  lo  blue  rolor  has 
not  developed,  add  a  few  c.c.  of  alcohol  and  again  ahakc  g»^nlly.  In 
case  the  result  is  still  negative  one  cah  <ionclud«  th»t  Iiomogtobfn  ii 
absent  from  llic  urine.  A  blank  lest,  using  water  in  place  of  the  urine, 
shonid  be  mnde  also.  The  turpRntinf<  can  l>r<  prepared  by  exponing  H  in 
a  flat  dish  for  some  hours  to  direct  Kiinlight.  Or  in  making  the  test  add 
a  drop  of  hydrogen  peroxide.  It  is  neewmary  that  the  turpentine  he  par- 
tially oxidized. 
B  (b)  Teichmann  hfmin  reaction.  Tn  ease  (a)  above  is  positive  it  is 
"beat  to  confirm  it  by  this  test.  To  10  to  15  o,c,  urine  add  10  per  eent. 
NaOH  to  make  it  strongly  alkaline,  heat  to  boiling  and  set  aside  lo 
cool.  Filter  off  the  precipitate  of  phosphatiw,  etn.  Wash  with  dis- 
tilled water  and  finally  transfer  the  pn'eipitate  (o  a  mierowope  slide, 
add  a  very  amall  ciyital  of  NaCl  and  very  carufolly  evaporate  to  dry- 
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iieas  over  a  low  flame.  Cover  tlie  dry  material  wUli  a  cover  glass  and 
Allow  lo  flow  imdcr  it  a  drop  or  two  oC  glacial  acetic  acid.  Now  again 
varm  frcnrly  over  a  free  flame  until  the  acetic  acid  begins  to  boil  gently. 
Ailow  to  cool  and  cxominc  und«r  the  microBcope  for  the  reddish-brovn 
hemin  crystals. 

(c)  Spectroscopic  examtTUttiwt.    Examine  hy  a  diroet-vision  spectro- 
scope for  oxyhemoglobin  and  methemoBlobia. 


QUANTITATIVE  EXAMINATION  OF  THE  URINE. 

For  the  quantitative  experiments  all  the  urine  for  24  hoiira  must  bo 
oarefnlly  nollected.  Two  kinds  of  urine  are  to  be  examined:  (a)  whili 
the  student  is  on  a  low  protein  diet  and  (b)  while  he  ia  on  a  high  pro- 
tein diet 

In  the  diet  part  of  the  work  stndent.s  may  work  in  pairs,  provided 
they  alternate  in  making  the  various  determinations.  The  arine  must, 
however,  be  collected  in  both  periods  from  the  same  individual  and  dar- 
ing 24  consecutive  hours  each  time.  The  same  amount  and  kind  of  exer- 
cise mnst  be  tafeen  during  both  diet  periods.  Bottles  provided  for  lh« 
urine  are  to  be  properly  cleaned  and  rinsed  with  a  saturated  alcoholic 
solution  of  thymol  ht^fore  taking  from  the  laboratory.  During  the  first 
period  the  subject  is  to  take  a  low  protein  diet  for  two  days.  On  the 
second  day  of  thi.s  period  the  urine  voided  before  breakfast  is  to  be  dis- 
carded, but  all  paused  during  the  next  24  hours  is  to  be  collected.  Other 
hours  may  he  more  convenient,  hut  consfcuthe  24  hours  should  be  tak«9 
e^xeh  time.  Also  have  the  urine  as  fresh  as  possible  for  analysis.  In  th« 
same  way  collect  a  second  sample  of  urine  two  weeks  later  on  (he  seeonil 
day  of  a  two-days*  diet  on  high  protein.  If  poBsible  weigh  the  food 
taken  and  from  the  record  obtained  calculate  the  caloric  value  in  both 
diets.  Submit  your  proposed  diet  to  an  instructor  before  beginnioiE 
thereon. 

•  202.  Volume. — Determine  the  volnme  of  the  well-mised  34-hour 
sample  by  means  of  a  l.OOO  or  2,000  c.c.  cylinder. 

•  ao3.  Specific  gravity. — Determine  the  specific  gravity  by  mean* 
of  a  urinometer.  Note  the  temperature  and  for  every  3'  C.  over  th« 
temperature  recorded  on  the  urinometer  add  0.001  to  the  obscn*ed  spe- 
cific gravity.  For  every  3'  below  subti-act  0.001  fi-om  the  observed 
specific  gravity.  It  is  better,  however,  to  cool  the  urine  to  the  tem- 
perature at  which  the  urinometer  ia  to  be  employed  and  then  determina 
the  specific  g^a^'ity, 

•  304.  Odor,  color  and  transparency. — Note  these  car«fiilly  and 
interpret  your  observations. 

•  aoj.    Total  nitrogen  by  the  Gunning-Arnold  modification  of  tb« 
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Kjeldahl  process. — Carefully  measure  into  a  long-necked  800-1,000  c.c. 
Kjeldahl  Hask  5  c.c.  of  urine  by  means  of  a  5  c.c.  pipette.  With  a  fine 
jet  of  water  vasb  any  urine  in  the  neck  of  tlie  flask  down  into  it.  U»e 
as  little  water  as  poRsible.  Add  5  grams  potflssiiim  sulphiite,  or  10  granui 
sodium  sulphate,  20  e.e.  pure  concentrated  HjSO^  (Sp.  O.  1.84)  and  10 
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Fia  Qi).— AHflptfr  to  t*  plncMl  in  tIi#  inp  M  th*  Kj^l.mhi  rliKMii..n  n»Nk  op  inree  loai- 
tiilw  ta  be  <>oDii'Cctcd  wlcb  itic  *ucI1od  tor  tbe  r«mural  ot  ttO*  or  other  harmriii   ftinm 

ITiu.  (iSA-^AppAimtua  »t  u|i  (or  Lbe  Btrmtkn  ot  the  aisinoDla  laio  tti«  »ul|ihiiTtr  ncld. 
I'hr  iMl-luba  ooBlaliu  IIia  K]<il<lnlil  i1l^|4ikllcia  tnoda  BlhAllDo.  'I'Iik  .ilr  Ih  Unirn  lliroiutli 
tblii  aui]  luto  Ui«  100  C.ir.  vuJuiu«lrl<:  flask  conlBtnlnK  Il>«  ■Uliiliurlc-iicld  loliitlon.  A  ppT< 
lorattd  «ork  dlab  !•  p1ac«d  pfttt  nay  dawn  tbe  tubtt  to  pr*ronl  tMini  koIbk  orar  (rutli)). 

cc  of  the  HgSO^+CuSOj  solution  (containing  1  gram  HgSo,  and  1 
gram  CuSO,  per  10  c.e.). 

Heat  on  the  digestion  shelf  until  the  water  has  been  removed,  then 
add  IS  grams  more  of  potassium  sulphate  or  30  grams  Na,SO,10H;0, 
and  continue  the  digestion  for  2H  to  3  houra.  To  have  tlie  digeation 
complete,  the  mixture  must,  however,  have  been  boiling  for  at  least  2^/z 
hours  and  tlic  hot  solution  left  nmst  not  be  ciilorcd  yellow,  but  simply 
green,  dufl  to  the  CnSOt.  After  the  digestion  is  complete,  remove  from 
the  digestion  shelf  and,  just  as  the  contents  of  the  flask  begin  to  crj-stol- 
lixe,  gradually  add,  while  agitating,  250  c.e.  distilled  water;  stopper 
loosely  and  set  aside  until  it  is  to  be  treated  as  iudieated  iti  experi- 
ment 54. 
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206.  Determination  oF  total  nitrogen  in  urine.  Microchemical. 
(Folin  and  Parmer,  Jour.  Biol.  Chem.,  XI,  1912,  p.  493). — 5  cc  of 
urine  are  measured  into  a  50  c.c.  measuring  flask,  if  the  specific  gravity 
of  the  urine  is  over  1.018,  or  into  a  25  c.c.  flask  if  the  specific  gravis  is 
less  than  1.018  (the  urine  should  be  so  diluted  that  1  c.c.  contains  from 
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Fig.  698. 
Pio.  e9B. — Tbe  taia*  ■■  Fig.  69,  exceDt  arrsagnl  for  miction  tn  placa  of  •»  biwt 
(FoUa). 

0.75-1.5  mgs.  of  N).  Fill  the  flask  to  the  mark  with  water  and  invert 
a  few  times  to  secure  a  thorough  mixing.  1  ex.  of  this  diluted  urine 
is  measured  into  a  large  test-tube  of  Jena  glass  (size  20  to  25  mm.  hy 
200  mm.).  To  the  urine  in  the  test-tube  add  1  c.c.  of  concentrated 
sulphuric  acid,  1  gram  of  potassium  sulphate,  1  drop  of  5  per  cent 
CuSO^  solution  and  a  small,  clean  quartz  pebble  to  prevent  bumping. 
Boil  over  a  micro-burner  for  about  6  minutes :  i.e.,  about  2  minutes  after 
the  mixture  has  become  colorless.  (Figure  69  and  Figure  70.)  Allow 
to  cool  about  3  minutes  until  the  digestion  mixture  ia  beginning  to 
become  viscous,  but  it  must  not  be  allowed  to  solidify.  Add  about 
6  c.c.  of  water  at  first,  a  few  drops  at  a  time,  then  more  rapidly  so  as 
to  prevent  the  mixture  from  solidifying.  To  the  acid  solution  is  then 
added  an  excess  of  sodium  hydrate  (3  c.c.  of  saturated  solution)  and 
the  NHg  is  aspirated  by  means  of  a  rapid  air  current  (see  Figure  69) 
into  a  100  c.c.  measuring  flask  containing  about  20  c.c.  of  water  and  2 


&&  of  N/10  H«SOi.  The  air  curretit  used  for  driving  off  the  ammonia 
should  be  rather  moderate  for  the  first  2  minntcs,  but  thereafter  for 
8  miautea  it  should  he  as  rapid  as  the  apparatus  can  stand.  Compreaod 
air  is  best  used,  but  in  the  absence  of  Ihis  nn  air  current  may  bo  drawn 
through  by  a  pump.  In  that  case  the  NH,  is  not  received  direcUy  into 
the  measuring  flask,  since  the  mouth  of  the  latter  is  loo  narrow  to  take 


I 


Ptd.  TO. — Apiiantut  u  ««t  op  in  FoUn'i  laborniory.  Bhonln^  tlie  smiiil  KIHdahl 
ilUfKilot)  ilBska  or  tc«(-rul>i>  at  the  rlNitt  wtlb  llic  adapter  alure  tod  lul-C'ti'utiicr  tivticwtli. 
Other  ■oluttoni  ettlitfc  olT  odnra  or  frrltatlagr  famca  nr*  BtuMrn  ovrr  (be  oihtr  bi}m«r«. 
Ttii?  Inrg*  tioltl*  ronialna  an  alkallno  wluUtMi,  and  ilic  wbolc  ta  caaoccied  wlih  the  water 
pusip  tt  tbo  l*ft   (Folio). 


a  doubk-bored  stopper,  but  is  received  in  a  second  test-tube  and  the 
eontents  of  this  afterwards  waabt^d  into  a  \QQ  v.e.  measuring  flaftk. 

Nesxlerieing.  After  10  miuuleH  disaonueut ;  dilute  the  contentn  of 
the  flask  to  about  60  c.e.  and  dilute  similarly  tlie  standard  ammonium- 
sulphate  solution,  of  which  enough  has  been  taken  to  contain  1  mg. 
of  N,  to  about  the  same  volume  in  a  sncoud  100  c.c.  volumetric  flask. 
Nesslerize  both  solutions  as  nearly  as  possible  at  the  same  time  with 
5  c.c  of  Nessler'a  reagent  diluted  immediately  beforehand  »*ith  about 
25  c.c.  of  water  (5  c.c.  of  Nessler's  reagent  gives  the  maximum  color  with 
1  to  2  mgs.  of  aramonin  and  when  diluted,  as  indicated,  turbidity  is 
avoided).  The  color  produced  does  not  reach  its  masimnm  for  about 
hall  on  hour,  but  the  increase  is  small  and  is  immaterial  when  both 
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are  Kesslcrizcd  at  the  same  time.  FUl  tlie  two  flasks  at  onc«  to  Uie 
mark  with  distilled  water  *Uid,  aftur  mixing  each,  determine  the  rela- 
tive inteuaities  of  color  by  a  Uubosu  colorimeter.  Set  the  staudard  at 
20  and  match  tfa«  unknown  ivitii  it  by  moving  tlic  priam  up  or  down. 
The  calculation  is  easy,  if  the  unkuowa  is  at  14  when  tbo  two  have 
th«  some  tint  in  the  colorimeter,  the  amount  of  nitrogen  is  20/14X 
1  mg.  uj  the  amount  of  urine  taken.  Il  is  important  in  reading  the 
coloi-imeter  to  bring  the  two  ludes  to  equality  uf  color,  first  from  below 
and  then  from  above,  or  vice  versa,  and  to  take  the  mean  of  sevem] 
readings.  In  the  case  cited  X  cc.  cootains  1.43  mgs.  N.  If  the  orine 
was  diluted  lOX.  tlieu  each  cc  of  the  origiaul  urine  contained  14.3 
mgs.    100  C.C.  of  urine  would  contains  1.43  grams  of  N. 

Preparalioti  of  the  standard  $olutu}it  cf  ammonium  sulphate.  Am- 
monium salts  generally  contain  pyridine  bades.  To  prepare  pure 
ammonium  sulphate  decompose  a  hi^-grade  ammonium  sulphate  witli 
caustic  soda  aud  pass  the  ammonia  by  means  of  an  air  current  into 
pure  sulphuric  acid.  Precipitate  the  salt  so  obtained  by  the  additioa 
of  alcohol,  redissolve  in  water  and  again  precipitate  with  alcohol  and 
finally  dry  in  a  desiccator  over  sulphuric  acid. 

9.4285  grams  of  ammonium  sulphate  are  dissolved  in  water  aud  tiie 
volume  made  up  to  1  liter  (stock  solution). 

100  C.C.  of  the  stock  solution  are  diluted  to  form  1  liter.  This  is  the 
staudard  solution,    o  c.c.  contain  1  mg.  of  nitrogen. 

NessUr  reagent.  Dissolve  62.5  gm.  Kl  in  about  250  c.c  distilled 
water.  Set  aside  a  few  c.c.  and  add  gradually  to  the  larger  part  a  eold 
saturated  solution  of  mercuric  chloride  until  a  faint  permanent  pre- 
cipitate is  produced  (about  500  c.c.  required).  Add  the  reaenrc  por- 
tion of  Kl  and  then  uioi-e  HgCI.  solution  gradually  until  a  slight  perma- 
nent precipitate  is  again  formed.  Dissolve  150  granui  of  solid  KOH  In 
l&O  c.c.  distilled  water,  allow  to  cool  and  odd  gradually  to  the  abov* 
solution  and  make  the  volume  finally  to  I  liter  with  water.  After  Mi- 
lling, decaut  the  clear  litiuid  into  another  bottle  ajid  keep  in  the  dsrk. 
Reagent  improves  on  keeping. 

Quantitative  determination  of  urea. — ^Tlie  best  method  for  ilie  qiian- 
titalive  dclcrmiimtiou  of  unra  ia  probably  the  urease  method.  Tko 
other  methodii  which  arc  given  here  arc,  however,  good,  particularly 
when  applied  to  human  urine  winch  has  little  or  no  aUsntoine.  Il  il 
the  experience  of  some  that  the  Benedict  method  is  more  reliable  in  the 
hands  of  students  than  that  of  Folin.  The  Benedict  method  determine^ 
like  the  Folin,  not  only  the  urea,  but  about  50-70  par  cent,  of  the  allao- 
toinc.  AHantoine  is  i>rest>iii  in  the  urine  of  the  lower  animaU  in  larger 
amounts  than  in  human  urine,  so  that  the  urease  method  ia  to  be  pn- 
ferred  in  examining  such  urines. 
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207.  Estimation  oE  urea  by  the  Folin  method. — Principle.  The 
urea  is  hydrolyzed  to  ammonium  carbonate  by  the  action  of  hydrochloric 
acid,  the  boiling  temperature  being  raised  by  the  addition  of  MpClj.  The 
ammoDia  is  then  distilled  as  in  the  Kjeldahl  method. 

Method.    Measure  off  5  c.c.  arine  into  a  1,000  c.c.  Kjeldahl  flask, 

add  20  grama  ma^esium  chloride,  a  pieiie  o£  parafiin  about  the  size 

of  a  pea  and  5  c.c.  conccutrated  HCl   (use  from  the  special  bottle 

provided  for  thi«  purpose).     Now  fit  the   fiask  with  a  test-tube  or 

'  Folin 's  condenser  and  boil  on  b  wire  gunze.     Ilcat  nntil  the  liquid 

bumps,  then  reduce  the  heat  and  continue  the  boiling  for  IH  hours. 

Kext  add  300  c.c.  distilled  water  and  granular  zinc,  as  in  the  Ejeldahl 

method.    In  case  the  MgCI,  has  crystallized  out,  it  most  be  dissolved 

'  before  adding  the  alkali  as  directed  below.     Next  add  5.0  c.c.  of  the 

special  NaOU  solution   {10;  100),  immediately  connect  with  the  dis- 

'  tilling    apparatus    an    in    the    KjcldahL    method    and    distill    into 

50  C.C.  d/10  li-SO,  in  the  same  way.    Observe  the  same  precautions 

here  in  drj'ing  the  tiask  and  the  neck.     Continue  the  boiling  until  about 

200  C.C.  distillate  have  been  collected.     Titrate  as  usual.     Calculate  the 

total  grams  of  urea  nitrogen  iu  the  24-hour  sample  after  allowing  for 

Kft  correction  for  NU«OH  in  the  reagents  used.    After  determining  the 

^uuimouia  uitrogco  iu  the  urine,  subtract  this  from  the  above  figure 

^^Od  tl]e  diffei^imce  is  urea  uitrogcu.     K.\]>laiu  tliis  process  Uinmghout. 

Calculate  the  per  cent.  o£  tlic  t«tal  uitro^n  found  as  urea  nitrogen, 

also  the  grams  of  urea  nitrogen  in  tlic  24-hoiLr  sample  and  the  grams  of 

uroa  in  the  24'hour  sample. 

K      *9o8.   Estimation  of  urea  by  the  Benedict  method. — PrineipU.  The 

^tirea  ia  hydrolyzed  to  amiuonium  eajboualc  by  Uie  at-id  developed  from 

KHSO^  and  ZnSO,  by  lieating  for  a  certain  time  at  definite  temperatures. 

The  solution  i.s  then  made  iilkolino  and  distillled  as  usual  into  a  mcas- 

tured  amount  of  sulphuric  acid  as  in  the  Kjeldahl  process. 
Method.  Wciph  off  .1  gi-amn  KUSO*  and  2  grams  ZnSO^  and  transfer 
to  B  targe  (1  inch)  test-tube.  Add  5  cc.  urine,  a  pinch  of  paraffin  and 
of  pumiee.  Boil  almost  to  dryness  in  the  oil  bath  kept  at  130-150*  C. 
Now  transfer  to  another  bath  kept  at  165-170'  C.  and  heat  thus  for  1  hour. 
Allow  to  cool  partly,  then  transfer  the  contents  of  the  tube  to  an  800  c.c. 

IKjeldald  flask,  using  hot  distilled  water  and  diluting  to  about  400  c.c. 
with  cold  distilled  water.  Add  a  small  amount  of  granular  rinc  and  5  c.c. 
of  the  40 ;  100  NaOn  solution,  nistill  into  50  e.c.  n/10  HjSO«  as  usual. 
Use  confto  red  as  indicator.  Correct  for  the  ammonia  in  the  urine  and 
also  make  a  blank  test  on  your  reagents  and  process.  Calculate  as 
directed  under  Folin *s  method  above. 

•  209.     Quantitative  determination  of  urea  by  the  urease  method 
.(Marshall;  Van  Slykc  and  Cullen). — Principle.     The  urea  is  deeom- 
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posed  to  amiaoninm  carbonate  by  the  action  of  the  specific  en^me, 
urease,  found  in  the  caator  bean.  The  dried  urease  is  prepared  and  put 
on  the  market.  This  is  in  many  ways  the  ideal  method,  for  it  requires 
no  heating,  no  addition  of  salt  and  the  action  of  the  enzyme  is  specific, 
not  affecting  or  hydrolyzing  the  other  constituents  of  the  urine.  The 
ammonia  nitrogen  must  be  separately  determined,  as  in  the  other 
methods,  and  the  amount  subtracted  from  the  amount  given  by  this 
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Fia.  Tl. — Copper  bathi  designed  br  Kocb  for  nee  In  the  Benedict  method.  Ther  *i* 
or  copper,  and  the  outer  li  partially  filled  with  naniffln.  The  teat-tubes,  with  the  nrfne. 
etc.,  go  Into  the  copper  tubea,  which  they  cloHel;  1111,  bat  thej  do  not  come  in  contact 
wltb  tbe  oil.  Two  aoch  bathe  «re  to  the  laboratorj ;  one  kept  at  140-1&0°  and  the  otha 
at  10O-17O*  C 

method.  The  ammonia  set  free  by  the  urease  is  carried  over  by  an  air 
stream  into  standard  acid  and  determined  either  by  titration,  if  large 
amounts  have  been  taken,  or  better  by  Nesslerizing  if  small  amoonta  of 
urine  are  used. 

Experiment:  Determination  of  urea  in  urine.  Into  each  of  two  clean 
absorption  cylinders  (Figure  72)  measure  off  carefully  by  a  borette 
20  c.c.  N/10  HjSO,,  then  add  enough  distilled  water  just  to  cover  the 
bell  of  the  absorption  tube,  B,  when  the  same  is  attached  to  the  Koeli 
ammonia  aeration  tube,  A  (Figure  72).  Having  these  prepared,  now 
very  carefully  measure  off  into  the  aeration  tube.  A,  1  c.c.  urine,  10  cc. 
water  and  5  c.c.  of  a  5  per  cent,  urease  solution,  mix  well,  add  5  ce. 
paraffin  oil  and  at  once  connect  with  the  absorption  tube.  Prepare 
another  aeration  tube  ia  the  same  way,  using  1  cc.  water  instead  of  1 
cc.  urine.    After  both  tubes  are  connected,  at  once  aerate  at  a  fair  rate 
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for  30  minates.  Next  rapidly  add  to  each  aeration  tube  5  grams  dry 
NajCOg,  again  connect  and  again  aerate  vigorously  (avoid  foaming)  for 
1  hour.  Titrate  the  acid  solution  in  the  absorption  cylinder  with  N/10 
NaOH,  using  congo  red  as  indicator  and  leaving  the  absorption  tube 
in  the  cylinder.    Allow  for  the  blank  titration  and  calculate  to  urea 


Fia.  72. — Kocb's  Keratloa  tube  for  use  In  FoUn'a  mlerocbemlcftl  or  mBcrochemlcal 
metliiM]  of  aeratlDg  ammoDtk  from  a  Bolatlon  to  acid.  D  Is  a  lectloD  of  a  wooden  baae 
containing,  ta  th«  Chicago  laboratory,  12  aSratloa  apparatus,  aa  IndlcHted.  Onfj  balf 
of  tbe  wooden  base  Is  shown  In  the  cut.  Tbe  other  half  Is  like  this  and  faces  It,  and 
the  air  inlet  la  a  metal  pipe  provided  with  cocks  running  between  the  two  halves.  A  U 
the  aeration  tub«  containing  tbe  alkaline  solutlou  to  be  aerated  and  filled  to  tbe  mark 
sbown  and  covered  with  a  Uttla  paraffin  ott.  (7  la  a  cylinder  containing  tbe  acid,  tbe 
amount  of  which  Is  known;  B  Is  a  t'olln  aiiratlon  tube.  An  upright  metal  rod  carries 
matal  dtps  shown,  but  not  lettered,  which  support  tbe  tubes. 


nitrogen  after  correcting  for  the  ammonia  nitrogen  as  estimated  below. 
Calculate  the  per  cent,  of  the  total  nitrogen  found  as  urea  nitrc^^ 
and  also  the  grams  of  urea  nitrogen  and  urea  as  such  in  the  24-hour 
sample. 

209(b).  Determination  of  urea  by  iwease. — The  following  descrip- 
tion of  the  method  has  been  taken  from  the  circular  sent  out  with  the 
commercial  preparation  "  arlco-urease  "  and  may  be  followed  in  the 
absence  of  the  aeration  device  just  described : 
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"  Standardization  of  fhe  eftzyme.  One-tentli  gram  of  arleo-anue 
dissolved  in  1  u.e.  of  water  and  added  to  5  ex.  of  1  per  cent.  Bolatioo  of 
pure  area  will  hydrolyw)  .0168  gram  of  orca,  yielding  .00953  gram  of 
ammonia,  wbicb  iti  eqaivalcnt  to  28  cc.  of  fiftieth  normal  acid,  in  15 
minutes  at  2o'  C,  or  in  con^espoudingly  less  Lime  as  the  temperature 
approaches  50*  C.  as  a  maximum.  Therefore,  Irom  tfaeee  standardi- 
zatiun  data  one  can  calculate  tlie  amount  of  arleo-urease  required  to 
deeompose  a  given  ()uautity  of  ui'ca  in  a  solution  where  the  analysuB 
is  desired. 

"  Detcrmifiatum  cf  urea  (in  urine).  Dilute  the  urina  ten  times. 
Take  5  cc.  of  tlie  diluted  urine  for  analysis.  Add  to  this,  in  a  100  c^. 
test-tube,  a  few  drops  of  capryliu  alcohol,  or  1  ex.  of  am/l  alcohol  or 
kerosene  to  prevent  auWi^ueitt  foaming;  Uicn  add  1  cc.  of  a  15  per  cent 
solution  of  arloo-urea^.  Close  with  stopper,  and  aUow  to  stand  until 
the  reaction  is  complete.  Allow  15  minutes  at  20*  C.  (68'  F.)  or  10 
minutes  at  25"  C.  (79"  F.)  ;  3  minutes  suffice  at  50'  C.  (122"  F.).  The 
tube  is  connected  through  iu  sLoppor  with  a  second  tube  containing 
25  e.c.  of  flftietli  normal  hydrochloric  acid.  Aerate  the  digestiou  mix- 
ture for  half  a  luimitc  after  the  reaction  \h  complete  and  before  the 
tube  is  opened,  in  onler  to  prevent  lass  of  any  possible  ammonia  fumes 
in  upper  part  of  tube.  Open  tube,  add  dry  potassium  carbonate  (4  (o  3 
grams),  close  quickly  and  aerate  for  about  15  minutes,  aa  in  Folia's 
micro-method  for  ammonia  determination,  or  until  all  ammonia  gas  bu 
been  carried  over  into  the  slandawl  acid.  Then  to  complete  the  aoalysis, 
titrate  tJie  oeid  solution  to  neutrality  with  fiftieth  normal  s»odium  hydrox- 
ide, using  as  indicator  1  drop  of  a  I  per  cent.  so<^liuiu  slir.arin  sulphnuatc 
solution.  The  number  of  cc  of  fiftieth  normal  acid  neutralized  by  the 
ammonia  from  the  urea  is  multiplied  by  .12  to  give  the  per  cent,  urea 
in  the  urine,  or  by  .056  to  give  the  per  cent,  urea  nitrogen.  Under  ordi- 
nary conditions,  the  total  time  for  a  complete  analysis  need  not  exceed 
30  minutes,  and  it  con  be  reduced  coaaidcrably  below  this  limit. 

'*  (In  blood).    Urease  is  particularly  valuable  in  permitting  a  sim^^ 
pie  and  accurate  determination  of  urea  in  the  blood.    Five  e.c  of  frcshlJ^H 
drawn  blood  arc  mixed  in  a  lOO  e.c.  test-tube  with  1  o.e.  of  5  per  cen^^ 
potofisium -citrate  solution  to  prevent  slotting,  a  few  drops  of  eaprylie 
alrohol  to  prevent  foaming  during  Kubsequent  at-ratioD  and  1  cc.  of  a 
10  per  cent,  solution  of  arlco-ureasc.    The  remainder  of  the  procedure 
is  the  same  as  deecribvil  for  urine,  except  that  only  10  c,c.  of  fiftieth 
normal  acid  need  ordinarily  he  used.    In  this  cow  the  number  of  cc. 
of  fiftieth  normal  aoid  neutralized  is  multiplied  by  .012  to  give  the  per 
cent,  of  ureo,  or  by  .0056  to  give  the  per  cent,  of  urra  nitrogen." 

310.  Quantitative  determination  of  urea  by  FoUn's  microchem- 
ical  method  {Jour.  Biol.  Ckem.,  XI,  1912,  p.  513).— rrinctp/*.    The  urea 
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J8  decompoKed,  forming  aimnonia,  by  b«attng  with  solid  potflssium 
ite  and  a  litUe  acelic  acid  at  153-160'  C.  The  anunonia  is  then 
from  the  ammonium  ac«late  by  the  addition  of  Kodiiim  hydrate 
ied  over  by  a  strong  air  ourrent  into  a  im^asured  amount  of 
standard  acid  in  a  volumetric  flask.  The  contcnta  of  liie  flask  arc  filled 
up  to  the  mark  and  the  amount  of  ammoDia  determined  by  Nessleriztng 
a^  in  the  total  nitrogen  method. 

Procedure.  The  urine  is  diluted  so  that  1  c.c.  contains  0.75  to  1.5 
mgs.  of  urea  nitrogen.  Dilutions  of  X  in  20,  1  in  10  or  rarely  1  in  5 
'are  usually  adecpiate  for  this  purpoKC.  One  cubic  centimeter  of  tli« 
diluted  nrine  is  then  transferred  by  means  of  an  aocorate  pipette 
(Ostwald)  to  a  large,  dry  Jena-glass  test-tube  (200  ram.  by  20  mm.) 
previously  charged  with  7  grams  of  dry  potassium  acetate  (free  from 
lumps),  1  C.C.  of  50  per  cent,  acetic  acid,  a  smalt  sand  pebbte  or  betler 
a  little  powdered  zinc  (not  zinc  dust)  to  prevent  bumping  during  (he 
boiling,  and  a  temperature  indicator.  Close  test-tube  by  means  of  a 
nibber  stopper  carrying  an  emptj-,  narrow  calcium-ehloride  tube  with- 
out a  bulb  (size  25  cm.  by  1.5  em.)  to  act  as  a  condenser.  Suspend 
the  tube  by  means  of  a  burette  clamp  so  that  it  can  be  raised  or  lowered 
and  heat  over  a  miero-buTDCr.  As  soon  aa  the  aeetalo  dissolves  and  tbo 
mixture  begins  lo  boil,  usually  in  about  2  lolnutes.  flic  indicator  begins 
to  melt,  showing  Ihat  the  desired  l-cmperature  (153-160°)  has  been 
reached.  Continue  gentle  boiling  for  10  minutes,  when  decomposition 
of  the  urea  is  complete.  Remove  apparatus  from  the  flame  and  dilute  the 
contents  of  the  tube  with  5  c.c.  of  water  added  by  a  pipette  partly 
through  the  CaClj  tube  so  as  to  wash  off  the  bottom  of  the  rubber  stopper 
and  tJie  sides  of  the  lube.  Use  not  more  than  5  c.c.  for  tiis  purpose. 
Add  2  c.c.  of  saturated  NaOII  or  K^fO^  solution  and  drive  the  liberated 
NTT,  over  into  a  100  c.c.  volumetric  f1a.<tk  containing  about  35  cc.  water 
and  2  rx.  N/IO  salphurii"  acid,  by  means  of  an  air  rurreni  bs  in  the  total 
nitrogen  determination.  (See  Figure  G9A.)  10  minntc-s  is  suffieicnt  if  a 
rapid  air  current  is  used.  I^etenuine  the  N  in  the  flask  after  making 
up  to  100  cc.  by  the  Neesler  and  colorimeinc  method  aa  descnbod  under 
experiment  206. 

This  method  determines  both  nrea  and  ammonia  nitrogen.  Neither 
creatinine  nor  hippurie  acid  gives  a  trace  of  ammonia.  AUantoine  may 
give  off  about  H  its  N  in  the  presence  of  zinc,  but  tn  it.s  absence  it  behaves 
like  urea,  provided  its  quantity  does  not  exceed  0.5  mgs.  of  allantoine 
N.  TJric  acid  may  give  a  little  N.  but  it  ia  quantitatively  imperceptible 
in  the  priMcncc  of  tlie  urea. 

It  is  important  to  have  potassium  acetate  which  is  dry  and  free  from 
ammonia.  This  is  made  by  -T.  T.  Baker  Chemical  Company.  Phillips- 
burg,  N.  J.    The  beat  German  product  is  generally  dry  enough,  but  it 
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should  be  tested  for  ammonia.  The  Americau  acetate,  except  that  men- 
tiODfrd,  is  apt  to  have  too  iqucIi  water  in  il.  It  may  be  dried  by  placing 
about  a  pound  of  it  in  a  iar^  pon'clain  dish  and  lettioR  il  stand  on  k 
warm  plate  (at  about  115°)  for  about  24  hours.  The  plato  must  not  bft 
too  hot  or  acetic  acid  will  bo  driven  ofT. 

Temperature  indicator.  This  oonsists  of  a  small  amcnint  of  HglCl 
sealed  into  a  small  glass  bulb  not  over  1  mm.  in  diameter.  They  may 
be  obtained  from  Eimer  and  Amend  in  New  York.  This  salt  is  bnglil 
red  at  ordinary  temperatur**.  At  118°  it  tiirna  lemon  yellow  and  at 
155'  melta  to  a  fluar  dark  red  liquid.  It  solidifies  on  cooling  nt  148"  C 
and  slowly  tolces  again  its  red  color  in  about  24  hours.  The  acetate 
begins  to  cake  and  solidify  at  160°  C.  So  this  tompcratnro  must  bo 
avoided.  The  indieator  is  made  by  heating  in  a  dry  slate  intimstely 
mixed  raolPL-uIar  proportions  of  meriinrie  ehloride  and  iodid©  at  150- 
160'  for  fi  lo  6  hours.  It  is  then  cooled,  powdered  and  kept  dry  until 
sealed  up  in  bulbs  for  use.  The  advanlago  of  this  method  is  (hat  a  ther- 
mometer need  not  be  introduiM^l. 

It  is  important  in  making  the  determination  that  no  humping  or 
spattering  occur.  The  test-tntw  must  he  dry.  If  too  much  heat  ta 
applied  the  acetate  cakes  at  the  bottom,  if  too  little  it  cakes  at  the  t«p. 
The  bottom  of  the  teat-tube  should  be  some  distance  above  the  micro- 
flame,  v/hUih  should  he  about  0.5  cm.  long.  It  should  bnil  F;r>nt1y  wirin 
out  caking.  Bottomless  Iwalcers  make  excellent  wind  shiehls  for  these 
micro  flames. 

Compiiiaiion.  If  the  colorimelcr  tube  A,  the  standanl.  ha.4  been  aet 
at  20  and  the  other  tube  B  reads  1 5  when  both  rolors  match,  then  the 
amount  of  nitrogen  in  the  1  c.c.  of  diluted  urtno  taken  would  bo  20/U 
mg.  If  the  urine  was  diluted  10  times,  tlie  amount  of  urea  N  in  1  c.c 
of  undiluted  urine  would  be  200/15  mgs.  And  in  100  c.c.  of  urine  i^ 
would  be  100  times  this  amount.  ^H 

•an.  Estimation  of  urea  by  the  hypobromite  method  (Krogfa, 
Zeit.  f.  phijsiol.  Chem.,  LXXXIV,  1913).— rriw.ipl#v.  The  urea  is  oxi- 
dized by  bromine,  or  more  properly  by  aodium  hjTiobromitc.  with  111* 
formation  of  carbon  dioxide  and  nitrogen  gas.  The  carbon  dioxide  ia 
absorbed  by  strong  alkali  and  the  niti-ogen  collected  and  measured  void- 
metrically.    The  reaction  ia  as  follows: 

cO(NHjlj  +  »N«OBr  =  aNoBr-f.COj-(-  SH^O  +  Nj 

Even  with  pure  urea  and  with  temperature  and  barometric  pressure  cor- 
rection this  method  gives  inaccurate  results,  hut  in  the  nrine  as  ordi- 
narily tried  it  gives  verj-  inaccurate  rtsults.  Not  only  urea  but  alw 
ammonia  salts  and  other  nitrogen  constituents  of  the  urine  give  off  thdr 
K  80  that  the  amount  of  N  found  is  gcndrally  nearer  the  total  N  than 
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it  is  the  ow-a  N.  It  gives,  however,  a  rapid,  not  too  difBcult,  approxi- 
mate deterrainatiou  of  the  total  N  of  the  urine  which  can  be  used 
clinically.    Some  CO  and  NO  gases  arc  formed  alno. 

Process.  Use  the  apparatus  figured  in  cut  73.  Various  forms  Of 
ureomotcrs  liave  also  been  proposed,  of  which  one  is  figured  in  Figure 
74.    They  are  very  inaccurate,  but  eon^-cnient.    A  50  c.c.  burette  (a)  is 
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PiO.  7S. — ArrBDuenivDi  for  tbn  lUiurmlnatlon  ot  area  by  tliB  byfiobroinlU  metliatL 

supported  in  a  clamp  attached  to  a  lampstand  and  immersed  in  a  tall 
^lt^afiu^iug  cylinder  filled  wiih  water.    The  upper  end  of  the  burette  car- 

I  rica  a  one-hole  rubber  stopper  through  which  passes  a  T  tube,  the  free 
end  of  the  tube  being  closed  by  a  rubber  tubing  clamped  by  a  screw 
clamp  (©).  The  other  arm  of  the  T  is  connected  by  a  piece  of  rubber 
tubing  to  a  glass  tube  which  goes  through  the  one-hole  rubber  stopper 
in  the  neck  of  the  wide-mouth  bottle  C.  The  bottle  C  is  supported  in  a 
cr>'st.a11izing  dish  resting  on  a  ring  of  the  lampstand.  "Water  is  put  in 
the  crystalliring  dish  so  as  nearly  to  cover  the  bottle.    A  short  gla-ss  vial 

I  (d)  of  about  10  c.c.  capacity  is  placed  in  the  bottle. 

'  Place  25  c.c,  of  bypobromile  solution  in  the  bottle  C.  Into  the  viaJ 
place  5  cc.  of  the  urine.    With  forceps  carefully  place  the  vial  upright 

|in  the  bypobromite  bottle  so  that  the  urine  does  not  come  In  contact 

Lwith  the  solution.    While  the  screw  clamp  <e}  is  open  place  the  stopper 
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in  the  bottle  and  the  bottle  in  the  jar  of  water  and  leave  for  a  few 
moments  to  acquire  the  temperature  of  the  water.  Adjust  the  burette 
so  that  the  level  of  the  water  in  the  burette  is  a  little  below  tiie  begin- 
ning of  the  scale  on  the  burette,  screw  the  screw  clamp  tight  shut  and 
read  the  burette.  The  level  of  the  water  should  be  the  same  within  and 
without  the  burette  when  the  reading  is  made.    Now  raise  the  bottle 
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Fia.  74. — Doremas  oreometer. 

and  capsize  the  vial  and  mix  the  hypobromite  and  urine  thoroughly. 
Gas  is  given  oflf.  Place  the  bottle  back  in  the  water  and  after  three  min- 
utes again  adjust  the  burette  by  raising  it  so  that  the  level  of  the  water 
within  and  without  the  burette  is  again  the  same.  Read  the  burette 
carefully  and  subtract  from  this  the  former  reading.  The  result  is  the 
C.C.  of  Nj  gas  which  have  been  evolved. 

Calculation.  The  reading  is  corrected  for  temperature  and  pressare 
and  the  pressure  of  aqueous  vapor  as  follows :  If  t  is  the  actual  reading, 
if  t  is  the  temperature  at  which  the  reading  was  made,  p'  the  presanre 
due  to  aqueous  vapor  and  p  the  barometric  pressure,  then  at  0°  and  760 
mm.  barometric  pressure  the  real  volume  of  N  gas  evolved  measured  at 

0*  and  760  mm.  is  v*. 

vx2733t  (p  — p") 
"'  =  1273 +  t)  x760 

1  gram  of  urea  evolves  357  c.c.  of  N,  measured  under  standard  condi- 
tions. v7357  represents,  then,  the  amount  of  urea  in  5  c.c.  of  urine. 
And  20  ^7357,  the  grams  of  urea  in  100  c.c.  of  urine. 
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Bypohromite  solution.  Add  slowly  25  c.c.  of  bromine  to  the  cooled 
solution  ol  100  grama  NaOH  in  250  u.c.  of  wafer.  Cool  nndcr  the  tap 
while  adding  tho  broiuiuu.  The  solution  must  bn  mudc  shortly  beforo 
use,  since  on  standing  a  part  is  converted  to  bromatc.  The  reaction  is 
as  follovs: 

2NbOH  +  Br   =  2N«0Bt 
SNnOBr  =  SNaBr  +  N»BrO^ 

*  313.  Estimation  of  ammonia  nitrogen  by  the  Polin  macrocbem- 
teal  method. — Principle.  The  ammonia  of  the  urine  is  freed  by  makine 
the  urine  alkaline  by  the  addition  of  NajCO,.  A  strone  current  of  air 
is  tUeD  blown  or  drawn  through  the  apparatus  and  carries  tli»  Ammnnia 
over  into  a  second  tube  which  contains  a  meamircd  amount  of  N/10 

Procedure.  Set  ap  the  ai>paraliifl  as  shown  in  Figure  72.  Intpoduoa 
20  c.c.  N/IO  II,SO,  into  the  absorption  cylinder  and  add  enough  dis- 
tilted  water  to  just  vover  tlie  bell  of  the  absorption  tubi^  when  the  same 
is  attaelicd  to  the  ammonin.  aumtinn  tube.  Carefully  measure  off  by 
means  of  a  pipette  25  c.c.  urine  into  the  ai'rattun  tube,  aho  5  c.c.  paraffin 
oil  and  5  grams  dry  NajCO,.  At  once  connect  with  the  absorption  tube 
and  aerate  vigorously  for  l'-2  hours.  Titrate  in  tho  absorption  cylinder 
as  indicated  above,  using  congo  red  as  indicator.  Calculate  the  total 
grams  of  nitrogen  found  as  ammonia,  also  calculate  what  per  cent,  of 
the  total  nitrogen  this  reprei^cnts,  as  well  as  the  total  grams  of  ammonia 
found  in  the  24-hour  sample. 

213.  Microchemical  method  for  the  estimation  of  ammonia  in 
urine  (Polin  and  Macallura.  Joiir.  Biol.  Chan,  XT,  1912.  p.  523).— Into 
a  large  test-tube  measure  by  means  of  an  accurate  pipette  1  to  5  c,c.  of 
urine.  The  volume  taken  should  give  0.75  to  1.5  tags,  ammonia  nitrogen, 
With  normal  urines  2  c.c.  will  most  often  give  the  amount.  With  very 
dilute  urines  5  c.c.  will  be  necessary,  and  with  diabetic  urine  witli  much 
ammonia  1  c.e.  may  be  too  much  and  the  urine  must  be  diluted.  Add 
to  the  urine  in  the  tube  enough  water  to  make  the  total  about  5  c.c.,  then 
a  few  drops  of  a  solution  containing  10  per  cent,  of  K,CO,  and  15  per 
cent,  potassium  oxalate,  and  a  few  drops  of  kerosene  or  heavy,  crude 
macJiinc  oil  to  prevent  foaming.  Introduce  a  tube  thi-ough  a  cork  as  in 
the  determination  of  the  total  nitrogen  and  pass  a  strong  current  of  air 
through  the  mixture  for  10  minutes,  or  as  long  as  it  is  necessary  to 
drive  off  all  the  NHj.  and  collect  the  NH,  in  a  KM)  c.c.  measuring  flask 
containing  about  20  c,c,  of  water  and  2  c.c.  N/10  H.SO4.  Nesslerize  as 
in  the  total  N  method  and  compare  the  color  with  1  mg.  of  nitrogen 
obtained  from  a  standard  ammonium-sulphate  solution  and  similarly 
Neasleriied.  This  method  is  very  convenient  and  rapid.  The  computa- 
tion is  made  as  in  the  other  colorimetric  detemunations. 
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*  314.    Estimation  of  creatinine  by  the  Polin  colorimetric  meth 
—The  signiHcaiicie  and  chcmisto'  ot  creatiiiina  m  diKcuescd  on  pag«  702. 

PrincipU.  The  principle  of  the  method  coosiste  In  tbc  redaction  of 
picric  acid,  CaHj(NOJ,OH,  to  picramic  acid,  CbH.(NO,),(NH,)OH. 
'  Picramic  acid  in  alkaline  solution  has  a  reddifib-brown.  color  and  its 
amount  18  determined  eolorimetricaUy  by  comparing  it  in  a  Duboeeq 
colorimeter  witli  a  standard  of  N/2  potassium  bichromate  solution,  or 
with  a  standard  formed  by  rc<lucin^  picric  acid  by  a  known  amount 
of  creatinine. 

Process.  I^forc  making  the  catimatton,  learn  to  use  the  Du 
colorimeter  and  compare  two  samples  of  N/2  potasdum-bichromatc  solu- 
tion with  each  other,  setting  the  one  at  a  depth  of  8  ram.  and  adjusting 
the  other  until  the  two  flelds  appear  the  same  in  iuteusity.  Then  reail 
the  scale;  the  variation  should  not  he  mure  than  0.2  mm.  Continue  thia 
drill  until  you  have  acpiistomed  your  eypR  to  the  iiislriiment. 

Into  a  500  c.c.  volumetric  flask  introduce  10  c,c.  tirinc,  meflsured 
a  pip<:tto.  Now  add  by  means  of  a  pipette  15  cc,  saturated  (aqueous) 
picric-acid  solution,  mix  well  and  then  add  6  cc.  of  a  clear  10  per  cent 
NaOn  solution.  At  once  mix  well,  note  the  time  and  allow  to  stand  at 
room  temperature  for  exactly  5  minutes.  In  the  meantime  prepare  tlie 
Duhoseq  colorimeter  witli  a  standard  tube  of  N/2  potassium-bicbromat* 
Dlution  and  set  the  scale  at  $  mm.  After  standing  the  5  mluutea,  add 
lough  water  I0  make  up  to  500  ex.,  mix  well  and  compare  the  solution 
with  the  bichromate  solution,  taking  at  least  three  readings,  but  keeping 
the  standard  set  at  8  mra.  Match  the  colors  both  when  approaching  the 
correct  point  from  above  as  well  as  from  below.  Slightly  different  values 
wiU  be  obtained.  The  tliree  readings  should  not  vary  more  than  0.2 
to  0.3  mm.  from  each  other  and  the  color  of  the  creatinine  solation  should 
be  of  such  intensity  that  the  reading  on  the  colorimeter  scale  will  bt 
somewhere  between  fi  and  12  mm.  If  the  reading  is  not  between  theae 
extremes,  it  is  necessary  torepcat  the  tast  with  more  or  less  urine,  depend* 
ing  on  whether  the  color  is  too  weak  or  too  intense.  Be  sure  to  avoid 
having  air  bubbles  under  the  surface  of  the  movable  gla-is  prisma.        ^H 

It  has  been  determined  by  eiperiment  that  10  mg.  of  crcatiniB^^ 
tnated  as  above  and  dilut.ed  to  500  cc.  gives  a  colored  solution  of  sad) 
intensity  that  it  requires  a  layer  8.1  mm.  deep  to  give  the  same  intensity 
as  tho  8  mm.  layer  of  N/2  potassium  bichromate.  A  layer  of  8.1  mm 
is  tlien  0(|uivaIcnt  to  10  mg.  cpcatinine  in  the  original  solution  under  the 
conditions  given  here,  or  the  constant  8.1X10—81  holds  for  all  dila- 
tions of  ereatininc  within  the  limits  gtat«d.  If  the  reading  X  is  known. 
then  81/X=mg8.  of  creatinine  in  the  original  urine  taken.  This  method 
is  very  good  for  normal  urines,  but  in  certain  abnormal  urince  whei* 
acetoacetic  a«d  ia  present  this  may  give  low  results.    Dextrose  up  to  6 
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[per  cent,  is  said  not  to  interfere  (Grcenwald.  Jour.  Biol.  Chem.,  XTV, 
913,  p.  87).    Calculate  tbe  grams  of  creatinine  found  in  ttie  total  24- 
ttOlra'  sample,  also  the  grams  of  nitropen  corresponding  thereto  and 
rthe  per  cent,  of  this  in  terms  of  total  nitrogen. 

Sole.     The  color  involves  the  dissociation  of  the  Rail  of  picramio 
tacid  and  of  the  biehromate.     These  do  not  change  their  color  in  tiie 
way  with  the  temperature.    The  standard  bichromate  Rotation  has 
been  made  to  compare  with  the  picric  acfd-creatininc  mixture  at  a  tem- 
perature of  about  20'  C.    The  reading  should  be  made  at  this  tempera- 
tture.    At  higher  or  lower  temperatures  the  bichromate  solution  no  longer 
sponds  to  the  10  mg.  of  creatinine  when  set  at  8.1.    Each  eolorime- 
r,  also,  sliould  be  standardized  to  make  sure  that  when  set  at  8.1  it 
ty  niat<^hr.s  the  bichromate  solution  and  a  standard  crcatinine-pierie 
acid  solution  of  the  strength  indicated,     To  avoid  these  difficulties  Folin 
has  recently  suggested  that   for  comparison  a  standard  solution   of 
creatiniue  should  be  treated  as  is  the  urine  and  compared  in  the  colorime- 
ter with  it.     Variations  in  temperature  will  not  then   be  important. 
^Probably  picramic  acid  could  itself  be  used  to  advantage.    Bichromate 
the  great  advantage  of  convenience  and  stability. 
Bichromate  sohiiioK,    24.55  grama  of  pure  potassium  bichromate  dia- 
(colvcd  in  water  and  made  up  to  1,000  c.c. 

915.  Estimation  of  creatine  bjr  the  Folin- Benedict  method.— i^rin- 
[ctplff.  The  preformed  creatinine  is  separately  determined  in  Ibe  manner 
[just  mentioned.  Then  the  urine  is  heated  with  acid  in  an  autoclave 
tvrhic'h  converts  all  the  creatine  to  creatinine.  The  creatinine  is  now 
[ri'dcttTiuined.  This  figure  glv&s  the  combined  creatine  and  creatinine. 
fTlic  difference  between  this  and  the  preformed  creatinine  ia  considered 
[  to  represent  the  creatine  present 

I'focejx.  Inlroducc  20  c.c-  of  nrine,  or  leas  if  the  urine  is  eonceji- 
(trated  and  contains  much  creatinine,  into  a  50  c.c.  volumetric  flask,  add 
equal  volume  of  NIICl  and  heat  in  an  autoclave  at  117-120°  C.  for  H 
hour.  Dilute  the  cool  mixture  to  50  c.c..  mix  well  and  introduce  by 
means  of  a  pipette  25  c.c.  of  the  mixture  into  a  500  c.c.  Tolumetric  flask 
and  proceed  with  the  estimation  of  the  creatinine  as  described  in  experi- 

tjncnl  214.    Calculate  the  amount  of  creatine  present. 
Cautian.    By  this  method  the  creatine  is  dRtermined  indirectly.    The 
difference  between  the  two  readings  is  stipposed  to  represent  creatine. 
It  has  been  found  that  when  acetoacetic.  acid  is  present  in  the  urine  the 
^Brsl,  or  creatinine,  determination  is  low.     By  heating  with  acid  the 
B«cetoacetic  acid  ia  destroyed  so  that  the  second  reading  of  creatinine  ia 
Know  higher.    The  difference  would  he  counted  aa  creatine,  whereas  it  is 
Vduc  to  another  substance.     Other  oxidizing  substances  which  are  de- 
stroyed by  acid  may  behave  like  acetoacetic  acid.   Reducing  substances 
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will  inercoso  the  roduction  of  picric  acid  and  mak«  th«  crcatiniae  appear 
high.  The  iut«rpretation  of  results  must  Iw  made  with  these  eireiun- 
stajiees  in  mind. 

*  216.  Quantitative  estimation  of  uric  acid  by  the  PoUn-ShaScr 
method. — I'rincipU.  The  uric  acid  is  precipitated  from  the  urine  m 
the  uiiimonium  urato  und  Ibv  amount  in  the  precipitate  dcterniitied  bjr 
titration  with  a  standard  potassium-permanKauatc  solution  in  the  pree- 
cDc«  of  acid.  Phosphates  and  some  org:anic  matter  are  first  precipi- 
tated by  uranium  acetate  and  (Nn,)3S04. 

Process.    Into  a  350  c.c.  beaker  introduce  100  ce,  urine  (more  if 
the  specific  gravity  is  lees  tlian  1.020)  and  while  stirring  add  by  means 
of  a  pipette  25  c.c.    Folin-fihaffer  reagent  (500  grams  ammonium  sul- 
phate and  5  grams  uranium  acetate  in  710  c.c.  of  an  0.84  per  cent 
acotic-acid  solution).    Allow  to  stand  until  the  prcinpitale  haa  sepa- 
rated fairly  well.     Then  filter  through  a  dry  filler  paper  into  a  dry 
beaker  or  fiask.    Now  measure  off  100  c.c.  of  the  filtrate  (or  more  if  tli« 
urine  is  dilute)  by  means  of  a  pipette  into  a  300  c.c.  beaker.     To  this 
solution  then  add  while  stirring  5  c.c.  of  conoentrated  ammoniiun  hydrox- 
ide and  set  aside  for  24  hours.    Filter  through  a  well-washed,  properly 
prepared  asbestoei  filter  in  a  Hirsch  funnel  or  Gooch  crucible  and  wasli 
nti)i<lly  with  a  10  per  cent,  aramouiuni-sulpliate  solution  until  the  filtrate 
i»  free  from  dilorides.    Now  liy  muanii  of  100  c.c.  hot  water  transfer  the 
asbcstoB  and  prccipitato  back  into  the  350  c.c,  boaker.     After  coelinj 
add  gradually  while  slirring  15  c.c.  concentrated  ZI,SO,  and  titrate 
at  once  with  n/20  KMuO,  solution  from  a  glass  stopcock  burette. 

Titrate  to  the  point  wliere,  uu  vigorously  stirring,  the  entire  aolalioo 
remains  faintly  pink  for  an  instant  after  adding  two  drops  of  tbe 
standard  permanganate  solution.  The  end  point  is  somewhat  difficult 
to  determine. 

Each  c.c,  of  the  n/20  KMnO,  is  equivalent  to  0.00rt75  gram  nric  add. 
Calculal«  the  grams  of  uric  acid  in  the  original  unnc  sample  taken,  add- 
ing 0.003  gram  to  correct  for  the  BolubiUty  of  ammonium  urate  io 
100  C.C.  Calculate  the  total  grams  of  uric  aeid,  totAl  grams  of  orie 
acid  nitrogen  and  the  per  cent,  of  the  total  nitrogen  found  as  uric  add 
nitrogen  in  the  24-hour8'  sample. 

N/30  Ptrmanganate  soluiion.  1.581  grams  of  pure  potasnom  per- 
manganate are  dissolved  in  pure  water  and  made  up  to  1.000  ce.  E«ep 
protected  from  light. 

317.  Quantitative  microchemical  determination  of  uric  acid  (Folia- 
Macallnm.  Jour.  Biol.  Chem.,  13.  1913,  p.  3C>^)  .—Principle .  Tliis  method 
depends  on  the  development  of  a  blue  color  with  phoephottii^)!^ 
acid  by  uric  acid  and  itJ  quantitative  colorimetrtc  estimation  by  com- 
parison with  the  color  prodnced  by  a  standard  urie-seid  solution.    Other 


PR^lCnCAL   WORK   AND  METHODS 


OBS 


substances  nhicli  may  give  the  fi&me  reaction  are  removed  by  extracting 
the  evaporated  urine  with  ether-methyl  alcoliol.  These  substances  are 
believed  to  be  chiefly  polyphenols.     {Sec  2d  method,  cxp.  218.) 

Process.  From  2  to  5  e.c.  of  urine  (depending  on  specific  gravity) 
are  measured  into  a  100  c.c.  beaker  and  after  adding  a  drop  of  saturated 
oxalic-acid  solution  evaporated  to  dryness  on  a  water  bath.  To  the  dry, 
cool  residue  add  10-15  c.c.  of  a  mixture  consisting  of  2  parts  of  pure 
dry  ether  (distilled  over  sodium)  and  1  part  of  pure  methyl  alcohol. 
After  standing  for  about  5  minutes  (larefully  decant  the  solution  and 
add  another  10  c.c.  of  the  ether-aleoho!  mixture,  the  residue  being  al- 
r<l(NK<l  to  settle  and  again  decanted.  To  the  washed  residue  atld  5-10  c.c. 
water  and  a  drop  ol  saturated  sodium  cftrbonate  and  stir  to  secure  solu- 
tion of  uric  acid.  To  this  solution  add  finally  2  c.c.  of  tJie  phospho- 
tuugstic  acid  reagent  and  tlieii  20  c.c.  saturated  sodium  carbonate. 
Transfer  the  blue  solution  to  a  100  c.c.  graduated  Bask,  dilate  to  the 
mark  vrith  water  and  at  once  compare  the  color  in  a  Dubotti-q  colorimeter 
with  a  standard  solution  of  uric  acid  and  the  reagent. 

The  standard  solution  is  obtained  by  weighing  out  250  mgs.  of 
Kahlbaum's  uric  acid,  transferring  it  to  a  250  c.c.  volumetric  flask  by 
means  of  25-50  c.c.  of  water,  then  adding  25  c.c.  of  the  0.4  per  cent, 
lithium  carbonate  solution  and  shake  at  intervals  for  an  hour  before 
diluting  with  water  to  250  c.c  1  e.c.  of  thia  solution  is  carefully  meas- 
ured with  a  pipette  to  a  100  c.c.  volumetric  flask,  510  c.c.  of  water  added 
and  Uien  2  c.e.  of  the  phospholungstio-acid  reagent  and  20  c.c.  of 
saturated  sodium  carbonate  solution  and  the  whole  diluted  lo  the  mark 
with  water.  This  standard  uric-acid  solution  will  not  keep  more  than 
5-6  days. 

Since  the  color  is  not  permanent  but  fades  rapidly  it  is  essential 
that  the  addition  of  Uie  reagent  to  the  standard  uric-acid  solution  and 
to  the  urine  solution  which  is  being  tested  for  uric  acid  should  be  made 
as  nearly  aiinultaDCOusiy  as  possible.  Not  more  than  5  minutes  at  the 
outudc  should  separate  the  two  additions. 

The  two  solutions  are  now  placed  in  the  two  sides  of  the  Duboscq 
colorimeter.  The  standard  is  set  let  us  say  at  20,  the  unknown  is  now 
matched  with  it.  If  the  standard  reads  15  and  the  unknown  20  then 
tlie  concentration  in  the  unknown  is  15/20  of  that  of  tJie  known.  The 
known  contains  1  mg.  uric  acid  in  100  c.c.  The  unknown  then  contains 
0.75  mg.  in  the  amount  of  urine  taken.    If  this  was  2  e.e.  then  100  ce. 

I  of  urine  would  contain  37.5  mgs.  of  uric  acid  (0.75X50). 
Phosphoiungslic-acid  reagent  for  uric   acid. — Sec  experiment  164, 
p.  934. 
3i8.     Quantitative  microchemical   determination  of   uric   acid  in 
urine.     Second  and  improved  method  (Folin  and  Denis,  Jour.  Biol. 
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ChoM.,  14,  1913,  97}.~Pri7tciple.     Development  of  color  in 
phospho-tnngstic-acid  solution  after  prcoipilation  by  ojninonificml 
nitrate  and  estimation  eolorimetricaUy  in  a  Duboscq  colorimeter  by 
comparison  with  a  standan].     The  color  is  not  specific  to  uric  acid. 

Procfss.     Measui-e  1-2  c.c.  urine  hy  an  aecurale  pipette    (OalwgJtl 
type)  into  ao  ordinary  centrifuge  tube.    Add  dtstiUo^l  wat^r  to  inako  tbs 
volume  in  the  lul)c  u  c.c,  6  drops  of  3  per  cent  silver  laciato  aolutioa, 
two  drops  magnesia  mixture  and  enough  (10-20  drops)  of  coaccnt rated 
NH4OH  to  dissolve  the  AgCJ.    Contrifugo  1-2  mi&atcs,  poor  off  th« 
supomatant  Liquid  from  the  rcsiduo  at  the  bottom  oC  the  tube  which 
containa  the  uric  acid  as  a  silver  compound,  and  add  5-6   drops  of 
(reatily  prepareil  saturated  hydrogen  sulphide  solution  and  one  drop  of 
fotictuilratcd  HCI.    Place  tube  in  a  beaker  of  boiling  water  uutil  all  H^S 
is  driven  off.    Sinee  II^S  abso  gives  a  blue  color  with  the  reagcut  il  must 
be  completely  removed.    To  prove  that  it  is  removed  add  one  drop  of 
0.5  per  cent  lead  acetate  solution  to  tbc  couteuts  of  the  tube  after  tfas 
Utter  has  been  in  tbc  water  bath  about  5  minutes;  if  any  H,S  remaiia 
a  deep  brown  precipitate  formB.    If  this  is  the  case  ]ieat  longer.    Wbui 
the  tube  is  cool  add  2  c.e.  of  the  uric-aeid  reagent,  10  cc.  of  satnrBtttl 
Na,CO,  (tolutiou,  transfer  to  a  50  c.<u  volumetric  flask  and  make  up  lo 
the  mark  with  water.    Compare  the  color  as  lumal  against  the  color  ob- 
tained from  5  c.c.  of  the  standardized  uric  acid-formoldchyde  solutioa 
or  a  freshly  prepared  nrio-acid  solution  as  directed  in  cxperimeat 
217. 

This  method  is  better  than  the  former  method,  since  in  many  oriati 
(rat  and  eat,  and  human  urincii  containing  albumin  and  sugar)  tbo 
evaporation  as  formerly  practised  makes  it  impossible  completely  to  tX' 
tract  the  phenols.  Urines  containing  albumin  on  addition  of  B,S  solo- 
tion  take  a  brownish  tint  This  difHculty  is  overcome  by  addition  of  2-10 
drops  10  per  cent,  sodium-acetate  solutioa.  The  addition  makes  the  r» 
suits  alighlly  low  and  should  not  be  added  if  not  necessary. 

iS'(ari(2rird  uric  acid-formaldehyde  reagent.  Diasolve  1  gram  of  accu- 
rately weighed  uric  acid  in  200  c.c.  of  a  0.4  per  cent  solution  of  Lt,COj 
in  a  liter  volumetric  flask.  Add  to  the  solution  40  c.c.  40  per  cent,  formal- 
dehyde solution,  shake  and  allow  to  stand  a  few  minutes.  Acidify  titt 
oLear  solution  by  adding  20  cui.  N  acetic  acid  and  dilate  to  the  omA 
with  wttt«r.  The  solutiou  should  remain  perfectly  clear  and  the  neit 
day,  but  not  before,  standardize  it  agaiusL  a  freshly  prepared  Uthioii 
carbonate  solutiou  of  uric  acid  (see  experiment  217).  Tbc  color  pio- 
duced  by  5  cc.  of  tbc  solution  eorrcapouda  very  nearly  to  the  color  ob- 
tained from  I  mg.  uric  acid.  The  colorimeter  reading  obtained  wliea 
etnopared  with  the  uric-acid  standard  la  to  be  used  as  that  wbicb  oorn- 
sponds  to  1  ing.  uric  acid.     The  solution  of  formaldohyde-urie  add 
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appean  to  keep  ita  color-produciDg  power  unaltered  for  many  months 
botli  in  the  ligbt  and  in  Uio  dark. 

This  method  gives  very  good  results  even  in  the  presence  of  protein 
or  sugar. 

3ig.  Quantitative  microchemical  determination  of  uric  acid  in 
blood  (Folin  and  Denis,  Joitr.  Biol.  Chem.,  13,  1913,  p.  409)  .—Principle. 
PhoMphotuiigMtic  acid  colorltnetric  method.  With  phosphotongstic  acid 
an  amount  of  uric  acid  as  little  aa  1  part  in  1,000,000  of  water  gives  a 
po&itive  reaction. 

Method.  Normal  human  blood  contaiua  about  0.25  n^.  of  uric  acid 
in  15-25  cc.  of  blood  and  this  amount  suffices  for  a  quaatitatiTo  deter- 
mination. 15-25  cc.  of  blood  is  drawn  into  a  prc^-ious1y  weighed,  small, 
wide-mouth  bottle  containing  abont  0.1  gram  of  finely  powdered  potas- 
sium oxalate  and  shaken  with  the  oxalate.  The  bottle  is  then  reweighed 
and  the  difference  g:iTea  the  quantity  of  blood  taken.  An  amount  of 
N/100  acetic  acid  equal  to  five  limes  the  weight  of  blood  taken  is  placed 
in  an  ordinar>'  liter  flask  and  tiea.ted  to  boiling.  Tbe  oxalate  blood  is 
poured  quantitatively  into  the  boiling  acvtic-acid  mixture  and  tbe  beat- 
ing is  continued  until  the  solution  has  begun  to  boil.  The  mixture  is 
filtered  while  still  hot.  The  coagulated  material  on  the  filter  paper  is 
tnuuferred  back  into  the  fiask  by  means  of  a  spatula,  about  200  c.e.  of 
boiling  water  are  poured  over  it  and  it  is  allowed  to  stand  5  minutes. 
This  mixture  is  filtered  through  the  same  filter  as  was  used  for  the  first 
filtration.  The  filtrate  in  the  receiving  flask  should  be  nearly  as  clear 
as  water.  To  Uic  filtrate  add  b  c.c.  of  50  per  cent,  acetic  acid  and 
evaporate  over  a  free  llamc  in  a  deep  half  globular  10  cm.  evaporating 
dish  until  fairly  concentrated  and  then  on  tbe  water  bath  until  a  very 
small  volume  (3  e.e.).  Pour  the  liquid  into  an  ordinary  small  centrifuge 
tube  and  wash  tbe  dish  with  two  succeBsivo  portions  of  0.1  per  cent 
lithium  carbonate  solution,  using  about  2  c.c.  for  each  rinsing,  and 
adding  the  washings  to  the  tube ;  any  solid  material  adherent  lo  the  sides 
of  the  dish  is  removed  by  a  rubber-tipped  stirring  rod.  The  liquid  in 
tbe  tube  should  not  be  moi-e  tlian  10  c.c.  Add  to  it  5  drops  of  3  per  cent. 
silver  lactate  solution,  2  ilropa  of  magnesia  mixture,  and  enough  strong 

I  ammonium  hydrate  (10-15  drops)  to  dissolve  tbe  silver  chloride.  Cen- 
trifuge for  2-3  minutes,  pour  off  the  supernatant  liquid  and  lo  the  residue 
add  4-5  drops  freKh,  saturated  B^S  water  and  1  drop  concentrated  nCl. 
Place  now  tlie  tube  for  540  minutes  in  a  beaker  of  boiling  water  to 
remove  tlie  excess  of  H,S.  To  make  sui-e  tliat  it  is  all  gone  add 
a  drop  of  0.5  per  evut.  lead  acetulc  solution  to  the  tube.  If  any 
blackening  occurs  heat  the  tube  ouotiicr  five  minutes  in  the  water  bath. 
It  is  necessary  to  remove  the  n,S  cwnpletely,  siiiee  this  gives  a  blue  color 
with  the  phospbotungiitic  acid  reagent.    When  oil  the  HaS  is  Uius  shown 
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to  be  gone  centrifuge  tlie  tube  for  one  or  two  minutfs.  Transfer 
superualant  liquid  by  deeaulatiou  as  completely  as  possible  lo  a  small 
beaker  and  wash  the  inside  of  the  tube  willi  a  stream  of  water  from 
a  wash  bottle,  care  being  taken  not  to  break  up  Ibe  precipitate  iti  the 
bottom  of  the  tube.  The  wash  water  (not  over  5  e.c.)  is  tia-ii  added  to 
the  liquid  in  the  beaker,  and  to  tJiis  aeid  solution  containing  (he  oric 
acid  is  then  added  2  c.<:.  of  the  uric-acid  plio»rl)otungstic-a<nd  rcflgcnt 
and  10,  15,  or  ^0  c.c.  of  saturated  eoditua  carbonate,  depending  on 
whether  the  color  obtained  requires  a  final  dilution  of  25,  50  or  100  ce. 
Tlirec  voliunetrie  flasks  reprt-'Senting  25,  50  and  100  «.c.  must  be  at  hand 
and  ready  and  tbt  blue  unknowu  solution  is  transferred  to  one  of  them 
and  diluted  to  the  mark  with  water.  The  standard  nric^acid  solution  and 
llie  blue  solution  is  made  as  diix-ete<l  iu  expeniiient  218.  It  eontuini 
1  mg.  1X1  1  e.e.  and  is  diluted  to  100  cc.  This  tiiuHt  l»o  made  just  before 
the  addition  of  the  sodium  carbonate  to  the  unknown.  It  is  Dccessary 
sometimes  to  filler  the  latter  before  being  transferred  to  the  colorimeter 
for  comparison.  In  all  other  ways  the  determination  is  the  same  as  that 
for  urie  aeid  in  the  urine. 

The  caleulalioii  is  as  follows,  giving  the  amount  of  uric  acid  in  100 
grums  of  blood.  V  represents  the  volume  (25,  30  or  100  c.c.)  to  which 
the  unknown  is  diluted  mid  W  represents  tlie  weight  of  blood  taken  for 
the  del  en  a:  nation.  20  is  the  reading  of  the  colorimeter  nf  the  standard 
tiolutioQ  and  11  the  reading  in  mjlltmeters  of  the  unknown  solution  when 
its  color  matches  the  color  of  the  known  solution.    Then 

20  V/IlW  =  raiiIigrams  of  uric  aeid  in  100  grams  of  blood. 

aao.  Quantitative  determination  of  hippuric  acid  in  urine  (Folin 
and  Flanders,  Jotir.  Biol.  Chetn.,  11,  1912,  p.  2S'3). —Principle.  The 
hlppiirie  sw-u^  is  hy(lri)Iyx.(>(l  to  benitotc  aeid  first  by  treatment  of  the 
urine  with  NaOU  and  then  by  boiling  with  xtrong  nitric  acid  and  a 
little  Cn(NO,),.  The  benzoic  acid  is  shaken  out  of  the  mixture  with 
chloroform,  the  chloroform  washed  and  then  the  beniwic  acid  it  contains 
determined  by  titrating  with  N/10  Na  alcoholate,  osing  phcnolphthatcin 
08  indicator. 

t'rifcess.  Measure  100  e.e.  of  urine  into  a  porcelain  evaporating  dish 
by  means  of  a  pipette.  Add  10  e.e.  of  5  per  cent.  N'aOH  and  evaporate 
to  dryness  on  the  steam  bath.  Transfer  tlie  residue  to  a  500  c.c.  Bgetdab) 
flask  by  means  of  25  c.c.  of  water  and  25  c.c.  of  concentrated  nitric 
acid.  Add  0.2  gram  Cu(KO,)i,  a  couple  of  pebbles  to  prevent  bumpuig 
and  boil  very  gently  four  and  one-half  hours  over  a  micro-boroer.  Tht 
necks  of  the  ^askn  are  fitted  with  Hopkius  (.-oudensers,  that  is  large  tst- 
tubea  of  Jena  gloss  carrying  a  doublc-holcd  rubber  stopper,  throoi^ 
which  one  tube  goes  nearly  to  the  bottom,  the  other  to  the  top  of  the 
tube  and  a  stream  of  cold  water  is  kept  eiix>ulaling  through  the  tubes. 
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After  cooling  niue  the  condensers  -mth  25  c.o.  water  and  transfer 
[contCDte  of  tiaak  to  a  500  ca.  separator/  funnel  by  tiie  u^  of  25  c.c.  more 
I  water.  The  total  volume  of  Uie  solution  is  now  100  c.c.  Just  saturate 
tlie  solution  with  powJere<l  (NHJjSO,  (about  55  grams).  Extract  4 
jtinius  by  sliaking  with  freely  washed  chloroform,  using  50,  35,  25  and 
|25  U.C.  porlions.  The  first  two  portions  may  be  used  to  rinse  out  further 
the  KjeldaLl  flask  before  they  are  added  to  the  separatory  fuuuel.  Col- 
lect the  successive  portions  of  CHCl^  in  another  separatory  JIunnel  and 
wash  the  chloroform  by  adding  to  the  combined  extracts  100  c.c-  of  sat- 
_  united,  solution  of  pure  NaCl,  to  each  liter  of  which  has  been  added  0.5 
^e.c.  concentrated  JlCl.  Shake  well  and  draw  the  chloroform,  which 
contains  the  benzoic  acid,  into  a  dry  500  c.e.  Erleumeyer  flask  and  titrate 
with  N/10  sodium  alcoholate,  using  4-5  drops  of  pbenolphthalein  as 
indicator.  The  first  distinct  end  point  is  taken,  although  the  color  may 
fade  on  stundtug  a  short  time. 

The  sodium  cUiylate  is  made  by  dissolving  2.'i  gnuns  of  cleaned 
.m.utallic  sodium  in  1  liter  of  absolute  alcohol.    It  is  advisable  that  it  b« 
»Uy  weaker  rather  than  stronger  than  N/10.    It  may  be  standardized 
Igtinst  purified  honzoic  acid  in  washed  CUCI;,.    It  may  also  be  standard- 
ized against  N/20  HCl  provided  the  ethylate  is  free  from  carbonic  acid. 
H  As  a  rule,  some  carbonate  will  be  present  and  then  the  titrations  in 
"aqueous  media  will  show  the  etiiylate  somewhat  stronger  llian  in'Uie 
CHCli.    The  carbonate  dofts  Dot  titrate  in  the  latter  case. 

321.    Determination  of  allantoine  in  the  urine.    Urease  method. — 

_  Allantoine  is  most  cosily  determined  by  dctcrmimng  the  urea,  allantoine 

f  and  preformed  ammonia  by  Benedict's  urea  method  and  then  the  urea 

and  preformed  ammonia  by  the  urease  method.     Benedict's  method 

detects  not  only  the  urea  nitrogen,  but  about  70  per  cent,  of  the  allantoine 

nitrogen  as  well.    The  urease  detects  only  the  urea  nitrogen. 

H       Method.    In  one  sample  of  urine  the  preformed  ammonia  is  de- 

'tcrmincd  by  Folin's  mctliod,  experiment  212.     In  another  sample  tho 

urea  and  allantoine  arc  determined  by  Benedict's  method,  experiment 

208.    In  a  tliird  sample  the  urea  and  preformed  ammonia  are  dctcrmiccd 

by  hydrolyzing  the  urea  by  the  soy  bean  and  drawing  air  through  to 

remove  the  ammonia  formed,  as  in  Folin's  method.     To  determine  the 

Kurea  and  preformed  ammonis  by  Uib  tioy  beau  urease  introduce  5  c.c.  of 

™  urine  into  a  Folin  ammonia  cylindi^r,  add  50-60  c.c.  of  water,  and  1 

gram  of  finely  gi'ound  !«oy  hean.    Keep  in  the  water  bath  at  35-40'  witli 

an  air  current  going  through  for  one  hour.     The  air  current  must  bo 

freed  from  ammouia  as  usual.    Then  di»t;oiineet,  add  1  gram  anhydrous 

Ka,COa  to  the  cylinder,  some  liquid  petroleum  and  detemiiuo  the  am- 

monia  as  described  in  experiment  200.    Heceive  the  ammonia  in  25-50 

tCC.  a/lO  H,SO(,  of  which  the  volume  has  been  accurately  measured. 
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Titrate  with  n/10  NaOH,  using  alizarin  or  congo  red  as  aii  indicator. 
In  dog's  urine  in  5  c.c.  about  1.31.9  c.e.  of  N/10  acid  is  needed  to 
neutrnlute  the  ammonia  from  tho  aUanttiine,  The  difforcoM  botwocn  the 
ctitnbined  animoain,  urea  and  allantoine  obtained  in  Benedict 'a  method 
end  tbe  ui'esHe  urea  and  ammonia  gives  tlie  allantoiue  ammonia.  Sinc« 
this  detects  only  about  70  per  cent  of  tlie  allantoine  the  result  must  be 
multiplied  by  100/70  to  give  the  amount  of  ammonia  from  the  allantoine 
in  5  c.e.  of  urine. 

saa.  Allantoine  determination  by  the  Wiechowski  method. — This 
ia  an  accurate  but  rather  long  method.  It  gives  tlie  allantoine  directly 
and  is  hcui-e  superior  in  accuracy  to  the  method  described  in  221. 
(Hofmeister's  £e((rajie,  11,  1907-08,  109). 

Principle.  A  dilute  solution  of  mercuric  acetate  in  tbe  presence  of  a 
large  amount  of  Kodium  acela.te  precipitates  the  allantoine  as  a  whits 
precipitate.  The  urine  is  Jirst  purified  from  basic  RulMtances,  chlorine 
and  ammouiH,  by  phospholiingstic  acid,  lead  and  silver  acetate;  theo 
sodium  acetate  is  added  and  the  allantoine  precipitated  by  0.5  per  cent 
mercuric  acetate. 

Method  for  dog  uriru.  (Hofmeister's  Beitriigf,  11,  129,  1907-08.) 
Allantoine  is  most  easily  prepared  from  dog  urine  in  which  it  occurs  ia 
considerable  amount.  In  human  urine  only  very  small  quantities  an 
present. 

"  Dog  and  rabbit  urine  are  to  begin  with  diluted.  In  general  I 
have  diluted  the  24-hour  urine  of  a  rabbit  to  150  c^,  that  of  a  dog  to 
300  C.C.,  utiliiung  also  the  cage  washings. — For  the  allantoine  determina- 
tion 100  c.c.  are  taken,  10  c.c.  of  8  per  cent.  HtSO^  added,  transferred 
to  a  volumetric  flask  of  appropriate  sikc,  precipitated  with  the  exactly 
neoessary  amount  of  pliosphotungstic  acid  10  per  cent,  (a  preliminary 
test  showing  how  much  it  is  necessary  to  add}  and  the  flask  filled  to  tbe 
mark  with  water.  After  standing  at  least  an  hour  it  is  filtcrc4l  through 
a  thick,  folded  filter  into  an  evaporating  dish,  and  the  dear,  generally 
dark.colorcd  filtrate  treated  with  lead  carbonate  and  mhbed  as  long  as 
CO,  is  evolved  and  until  the  liquid  resets  weakly  acid  or  neutral.  Filttf 
under  sharp  suction.  As  largo  a  rounded  amount  as  possible  of  the  fil- 
trate, which  is  often  weakly  blue  but  always  neutral,  ia  measured  of 
into  a  volumetric  flask  of  sufficient  size,  and  precipitated,  while  avoiding 
an  excess,  by  basic  lead  acetate.  The  amount  necessary  to  add  is  il<^ 
termined  by  a  preliminoty  test.  The  volume  is  made  up  to  the  mark 
with  water.  The  filtrate  from  the  lead  precipitate  is  treated  with  H3 
and  the  filtrate  from  the  lead  sulphide  freed  from  HaS  by  a  current  of 
air.  IE  chlorine  Is  present  an  aliquot  rounded  portion  of  the  acid  filtrate 
is  taken  and  precipitated  in  a  volumetric  flask  with  silver  acetate  solution 
and  made  up  to  Uie  mark  with  water.     The  filtrate  from  the  ffilver 
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chloride  is  handled,  in  the  same  manner  as  tfaat  from  th«  lead  precipita- 
tion, with  H,S  and  the  filtrate  freed  from  H,S  with  air.  This  filtrate  a 
now  tested  in  small  portions  to  ace  that  the  precipitation  with  phospho- 
tongstic  acid,  basic  lead  acetati:  antl  silver  mtrato  hoa  been  complete, 
and  now  the  reaction  is  absolutely  negative.  If  tliis  ia  the  ease  two 
rounded  aliquot  portions  of  the  filtrate  are  taken  after  preliminajy 
neutralization  willi  chloi-ine-free  NaOH  (prepared  from  Na) 
and  tlie  allantoine  precipitated  by  mercurio  acetate  and  sodium 
acetate. 

"  The  reagent  ia  best  made  as  foUowg:  commercial  mercuric  acetate 
(MenJt)  iH  dJiasolvcd  in  water  to  1  per  cent  and  pure  sodium  acetate 
added  to  saturation  and  diluted  to  such  a  degree  with  water  that  the 
content  of  mercuric  acetate  is  0.5  per  cent.  Tlte  completeness  of  the 
allantoine  precipitation  is  determined  by  the  addition  of  some  of  the 
reagent  or  allantoine  to  a  small  filtered  test  portion.  After  at  least  one 
hour  standing  the  precipitate  is  brought  on  a  filter  and  washed  with 
water  until  the  disappearance  of  a  precipitate  or  of  a  yellow  color  on 
the  addition  of  Na,S.  One  of  the  precipitates  is  now  taken  and  its  N 
dctcmiincd  by  Kjeldahl.  The  precipitate  from  the  second  portion  is 
washed  by  a  stream  of  water  into  a  beaker,  and  while  heated  to  boiling 
completely  decomposed  with  H^S.  The  mixture  is  then  eraporated  to 
dr>-ness  on  the  water  bath,  the  residue  digested  witti  water,  quantitatively 
transferred  to  a  small  measuring  cylinder  or  volumetric  Q&sk  and  the 
volume  increased  with  water  to  25  c.c.  generally,  or  50  e.c.  if  much 
allantoine  is  present.  The  final  filtraHon  is  made  through  very  thick 
filter  paper  and  repeated  until  the  filtrate  is  quite  clear.  A  rounded 
volome  of  the  same  is  evaporated  in  a  weighed  glass  dish,  dried  at  100* 
and  reweighed.  The  remainder  of  the  filtrate  serves  for  testing  the 
identity  and  purity  of  the  allantoine.  If  the  allantoine  crystals  are 
colored  they  may  be  decolored  with  H,0,  in  the  method  indicated. 
Either  at  onoe  or  after  one  recrystallization  the  melting  point  of  the 
crystals  is  detei-mined  (230-232*  with  decomposition)  and  a  small  por- 
tion burned  on  platinum  foil  (no  residue).  Finally  the  value  of  allan- 
toine and  allantoine  nitrogen  obtained  is  multiplied  with  the  total 
volume  numbers  (volume  of  urine,  volume  after  addition  of  phospho- 
ttmgstJc  acid,  volume  after  basic  lead  acetate,  after  addition  of  silver 
acetate  and  final  volume  after  decomposition  of  the  allantoine  precipi- 
tate) and  divid^'d  by  !lie  value  of  the  aliquot  parts  taken,  so  as  to  get 
the  value  for  the  total  urine.  The  determination  takes  not  more  than 
6-12  hours."  The  large  number  of  dilutions  makes  it  neecssaiy  to  be 
extremely  careful  with  tlie  mca.suring.  Carefully  tested  and  calibrated 
pipettes  and  flasks  must  be  used.  The  precipitation  of  the  allantoine 
is  quantitative.    The  result  is'exact  only  to  about  0.01  gram  allantoine 
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per  day.  For  human  urine  tbe  method  must  be  changed  a«  described 
in  Biochem.  Zlschr.,  19,  1909,  378. 

323.  Quantitative  estimation  of  total  purines  and  of  purines  other 
than  uric  acid.  Salkowski-Amstein. — Frinciple.  Tbe  total  purines 
are  precipitated  h/  amniOQiacal  silver  nitrate,  Uie  preeipila.te  washed  and 
treated  with  magnesia  to  free  from  ammonia  and  the  nitrogen  deteiv 
mined  in  it  by  the  Kjeldalil  uiethoil.  Tlie  urie-acid  nitrogen  is  stparatelj 
determiued  by  Foliu's  metiiod  and  subtracted  from  the  totaL  The  differ- 
ence ia  computed  as  xanthine. 

Prccess.  Measure  200  e.e.  of  protcinfrce  urine  into  a  300  c.c.  rolu- 
metric  flask,  add  50  cc.  of  maguesia  mixture,  make  up  to  the  mark  vith 
vater,  mix  well  and  allow  to  stand  for  a  little.  Filter  through  a  dry 
filter  paper  into  a  dry  500  e.e.  Sask.  To  200  c.c.  of  the  filtrate  add  10-15 
e.c  of  a  3  per  cent,  silver  nitrate  solution.  This  precipitates  all  tbe 
purines,  including  uric  acid.  Filler  and  wash  the  precipitate  thoroughly 
vith  wuLcr  to  free  it  from  amuionia,  finally  place  tlic  funnel  in  the  ncclc 
a  Kjuldabt  flask,'  puncture  the  end  of  the  filter  and  with  a  wash  bottU 
tbe  whole  of  the  precipitate  into  the  fla^.  Wasb  do^m  the  u«ok 
~of  the  flask.  Add  to  ttio  llssk  a  little  magnesia  and  ht;at  to  boiling.  Boil 
for  20  minutes  tu  fi-ce  from  ammonia.  Proceed  to  delurmiuu  the  nitrogen 
remaining  by  the  Kjetdahl  metliod,  described  in  exp«rimenL  54.  From 
the  nitrogen  thus  dctemiini^d  calculate  tliu  total  purine  nitrogen  in  100 
cc.  of  urine.  Subtract  from  this  tlic  uric-oeid  nitrogen  in  100  c.c.  of 
ttrine,  as  determined  by  tbe  Kolin  method.  Compute  the  remaininf 
nitrogen  as  xanthine,  or  leave  it  as  purine  base  nitrogen. 

JUagnesia  mixtuu.  100  grams  of  crystallized  magnesium  chloride 
are  dissolved  in  water,  ammonia  added  until  liquid  smells  strong'ty  of  it, 
and  then  animonium  chloride  sufficient  to  dissolve  the  precipitate.  Make 
up  to  a  liter. 

*  334.  Total  acidity  of  urine  by  FoHn's  method.— By  means  of  a 
25  C.C.  pipette  measure  off  25  cc.  urine  into  a  2I>0  c.c.  conical  flask,  add 
25  cc.  distilled  water,  5  drops  phenolpbthalcio  solution  and  15  granu 
finely  powdered  polasaium  oxalate.  Rotate  the  contents  of  the  flask  fOr 
2  minutes  and  titrate  at  once  with  n/10  NaOU  to  a  piuk  tint.  Note  tiw 
number  of  c.c.  required.  Immediately  after  tbe  reading  continue  wiUl 
the  titration  as  given  under  "  ^Vmino-acids  "  below.  Calculate  the  total 
CO.  of  N/10  XaOn  required  to  neutralize  the  entire  24-hour  sample  of 
urine.    Explain  Uie  method. 

The  end  point  is  not  sharp  and  it  will  vary  with  different  observen. 
It  is  a  good  plan  to  have  a  standard  color  and  go  to  this  point  for  the 
different  urines  examined.  The  oxalate  is  added  to  precipitate  the  litat 
salts  which  otherwise  precipitate  the  phosphates  when  Ibc  hydrate  b 
added. 
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•  ass.  Determination  of  amino-acids  by  the  formol  titration  of 
Sorensen.— Immediately  after  the  above  titratJon,  add  to  the  sample  you 
hnvo  just  titrated  150  c.c.  of  a  fresh  formnlin  aolntion,  made  by  taking  15 
c.c.  of  formalin,  30  c.o.  of  water  and  enough  N/10  NaOII  to  make  it  just 
very  faintly  alkaline  to  phenol phthalein.  Mix  and  now  titrate  again, 
noting  the  reading  of  the  burette  when  you  start,  by  adding  N/10  NaOH 
until  a  faint  permanent  pink  remains.  Each  c.e.  of  the  N/10  NaOH  is 
equivalent  to  1/10,000  of  a  gi-am  equivalent  of  amino-aeid.  How  much 
nilrogen  does  this  represent  calculated  for  a  mono-amino-monocarboxylie 
acidT  This  titration  (tlie  laat  one]  gives  uh  a  measure  of  the  NH4  and 
amiuoacids  together,  according  to  the  following  equationB: 


4^^I^Cl  +  6^CHO  +  4l3aOH  =    >,(CHj|)^  +  10H^O-f-4NaCI 

HnamothylMictAtTiunine. 
R  R 

I  I 

CHNH,  +  CH,+S»OH    =      CB— N  =  CD+2H0 

I  II  I 

coon      0  COON* 


How  do  you  account  for  the  increased  aeidity  developed  after  adding 
the  formaldehyde  1     Calculate  the  grams  of  mtrogeu  in  the  form  of 
^uuino-acid  nitrogen  in  tlio  total  24-hour  sample,  also  calculate  the  per 
It.  of  the  total  nitrognn  found  oh  amtno-aeid  nitrogen.    (See  p.  363.) 
226.     Amino-acid    nitrogen    in    urine.      Quantitative    determina- 
tion.   Formol  titration  after  removal  of  ammonia  (Benedict  and  Mur- 
lin,  Jour.  Biol.  Ckr.m.,  16,  p.  3S6. 1914)*    Principle.    Precipitation  of  am- 
moiiia  and  boaic  substances  in  the  diluted  urine  by  phoephotungstic  acid; 
removal  of  excess  of  pbosphotungstic  acid  with  KCl  and  titration  of  the 
amino-aeid  by  formol  and  N/10  NaOH. 

Process.     Mua-sure  into  a  500  c.c.  Erlenmeyer  flaak  200  c.o.  of  a  24- 

hour  human  urine  diluted  to  2,000  e.c.     Add  an  equal  quantity  of  10 

per  cent,  phosphotungstic  acid    (Merck)    (note,  Kalilbaum'a  prepara- 

^tion  is  a  very  different  subHtance)  in  2  per  cent  HOI.    Let  stand  at  least 

:  8  hours :  better  overnight. 

Poor  off  250  c.c.  of  the  clear  fluid;  add  1  c.c.  of  a  0.5  per  cent,  solu- 
tion of  phenolphthalein  and  barium  hydrate  in  substance  until  the  whole 
fluid  turns  decidedly  pink.  The  Ba(OH),  should  be  added  a  very  little 
at  B  time.  Let  stand  one  hour.  Filter  off  two  100  c.c.  samples  (=50  c.c. 
urine).  Neutralize  to  litmus  (Squibb 's  papprs  answer  for  all  practical 
purposes)  with  N/5  HCI.  Add  10 — 20  c.n.  neutral  forraaUo  and  titrate 
cautiously  with  N/10  NaOIT,  to  a  deep  red  color,  i.e.,  until  a  drop  pro- 
■  duces  no  additional  color. 
H       Correct  by  deducting  the  amount  of  N/10  NaOH  necessary  to  pro- 
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There  are  two  forms  of  apparatiu,  a  larger  and  smaller,  differing 
only  io  capacity. 

Process.  Tim  following  description  of  fhe  method  is  taken  from  Van 
Slyke,  Jour.  Biol.  Chemisiry,  12,  1912,  pp.  277-284: 

"  Tb«  structure  o£  the  apparatus  and  the  mauufir  in  which  it  ig 
set  up  are  apparent  from  the  uc-i'ompanyiog  cut  and  photograph. 

D  Is  of  40-45  c.c-  capacity.  A  of  about  35  to.  and  tlin  biirrUi>  ft  of  10  c.c.  The 
wire  from  whicli  tti«  dprnninisin;  bnlb  D  U  awtpended  BhiMikl  be  fair);  *tiff,  anil 
ripdly  fRstcncd  in  pcnitian  from  above  so  Dint  tlie  loop  about  Uii*  capillun-  acta  nn 
iL  Ksod  otuitcr.  A  Sa  th(>ii  to  ptacwl  that  ita  cpulvr  of  gravity  comos  n^ar  this  center 
und  Uie  BliskinK  of  0  is  aocvinplisbnl  with  u  nunimnm  motion  in  A,  and,  Don- 
wquentl^,  wUliout  putting  a  danp^rou*  >train  nn  the  ttilM:  which  nmnecta  A  witli 
U.  Thia  tubi>  U  atrnnf^irftllM  and  of  3  mm.  iMnvr  tliarm-lvr.  It  is  (.■tisent-iul  that  tho 
iKffc  of  cock  a  xhoiild  also  be  3  mtn.  The  reason  for  thin  1b  that  during  tU«  ttnaly*{* 
gna  Mtitsining  aornn  nitragi>n  eollc'ta  in  tho  tiihc.  I'nIoMi  n  In  of  na  «-id«  baT«  aa 
Lhn  tiilic  tbo  litguiil  fr»m  A  may  fluw  nrnnni)  Lhr  biitihle  tiisti'nit  of  forcing  it  into 
D  at  Uio  end  of  the  reaction.  The  cock  d  la  nI*o  of  Urge  l«r<;  in  order  to  fitcilitato 
emp^ng  D,  The  nocic  connecting  D  and  B  must  be  of  iit  Ifiaat  8  mm.  inner  diaTuctrr 
in  order  to  allow  free  circulation  of  tlic  solution  in  D  up  to  tfae  oock  0.  Tlie  amall 
bulb  at  the  tap  of  D  kcnpa  t1i«  roncting  loliitiMi  from  aplaohing  into  the  cnpillary, 

Tn  order  to  iii«urc  tiKlitn<-<ifl  of  the  cocka  and  to  pri-ri-nt  th<-ir  bceo7n!ng  looiioii«d 
hy  vlgoroua  shaking  It  la  wpII  to  lubrfcnt«  them  with  a  paste  innde  b]7  disaolvlng 
together  oTCr  a  flame  one  part  of  rubbar,  one  part  of  poraJBn  and  two  part*  of 
rnaeUne. 

Tb«  structure  of  ihc  modified  llcmp<il  pipette  la  entirely  nppnrent  from  fin 
pbobograph.  Thia  form  would  undonbti^dly  facilitAte  absorption  fii  alt  gaa  aaalyaca 
where  ahaking  ii  neceasary. 

Thi>  drivin;;  wheel,  aa  can  be  wen  from  the  photograph,  ia  m  armngrd  that  H 
can  bii  iiKMl  a1t»rTi!ite1y  to  Bh.rke  thi>  dnamtniiing  tmlb  or  tha  Bcmp«l  pfpntte.  Tlia 
dririnii  rod  in  nboiro  in  jKnition  for  shaking  tlie  dcaminising  bulb.  By  lifting  tlie 
rod  frum  the  vhoiiMi^r  ttl  U  and  pUciiig  the  other  liixik,  nt  the  end  of  the  roil,  o\cr 
the  h<iriaontnl  lower  tube  of  the  pipett*,  the  powi-r  ia  transfcrr**!  to  the  latter. 
Rubber  tubes  dra\rn  owr  the  b(mk»  nt  the  end  nf  the  driving  nui  mid  thosi!  from 
whjph  Iho  Hempcl  pipette  is  auapi'nited  miike  Uio  apparatus  almost  naiseless.  Pnr 
pnnrr  on«  can  uar:  a  K*wd  watur  motor.  Still  more  conrcniont  il  a  small  electric 
motor,  particularly  when  coDneet«d  with  a  rheostat  i-imblliix  onu  to  ntgulate  tba 
spved.  'llie  gnflring  nhould  Ixt  so  arrongi^d  that  the  driving  wheel,  to  which  the 
driving  rod  is  cd-cntricaily  ntUchi-d,  irmkea  SOO  to  SOU  reTolutiona  per  minute,  Tlie 
driving  rod  ia  attached  about  1.8  cm.,  ia  no  onaa  over  2  cm.,  from  the  center  of 
the  wheel. 

The  manipulation  is  in  principle  the  same  an  described  in  thia 
Journal,  ix,  pp.  189-91.  As  there  are  slight  Tftriations  due  to  Uie  differ- 
ent form  of  the  preRent  apparatus,  however,  we  dcseribe  the  present 
technicjiie,  dividing  the  delermination  into  three  stages  as  in  the  original 
description. 

1.  Displacemtnt  of  air  hi/  nitric  oxide.  Water  from  F  fills  the 
capillary  leading  to  the  Hempel  pipette  and  also  the  other  aapillary 
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as  far  as  c.  Into  A  ono  pours  a  voluine  of  glacial  acetic  acid  sufficient 
to  fill  one-fifth  of  D.  For  convenience,  A  is  etched  with  a  mark  to 
meoaure  this  amoimt.  Tlie  acid  ia  ruD  Lnto  D,  cock  e  being  turned  so  as 
to  let  th%  air  escape  from  I).  Thrmigli  A  one  now  pours  <40<lium  nitrite 
solution  (30  gais.  XaNO,  to  100  cc.  UjO)  until  D  is  full  of  solutioo 
and  enough  exixsa  is  present  to  rise  a  little  above  the  cock  into  it. 
It  is  convenient  to  mark  A  for  measuring  off  this  amount  also.  The  gas 
oxit  from  D  is  now  rlo&cd  at  c,  and,  a  being  open,  />  is  shaken  for  a  few 
seconds.  The  nitric  oxide,  which  instantly  collects,  is  let  out  at  c,  and 
tlic  shaking  repeated.  The  second  crop  of  nitric  oxide,  which  woshc* 
out  the  last  portions  of  air,  is  also  let  out  at  e.  D  is  now  connected 
with  the  motor  and  shaken  till  all  but  20  r.c.  of  ^thc  solution  have  be«n 
displaced  by  nitric  oxide  and  driven  back  into  ^l.  A  mark  on  Xf  indi- 
eates  the  20  p.e.  point.  One  then  closes  «  and  turns  c  and  /  so  that  D 
and  F  are  connected.  The  above  manipulations  require  between  one  and 
two  minutes. 

2.  Dccomposiiion  of  the  amino  substance.  Of  Ibc  amino  solutioD 
to  be  analyzed  10  c.c.  or  less,  as  tJio  case  m»y  be,  arc  measured  off  in  B. 
Any  excess  added  above  the  mark  can  be  nm  off  Uirouffh  the  outflow 
tube.  The  desired  amount  ia  then  run  into  D,  which  is  already  wai- 
nected  with  the  motor,  as  shown  in  the  photograjih.  11  is  shaken,  wboi 
» -ami no-acids  are  being  analysed,  for  a  period  of  three  to  five  miuulo. 
With  ff-aniino-acids,  proteins  or  partially  or  completely  hydrolyzed  pro- 
teins, we  find  that  at  the  most  five  minutes'  vigorous  shaking  completes 
the  reaction.'  Only  in  the  cases  of  some  native  proteins  which,  when 
dcaminized,  form  unwieldy  coagula  that  rae^-.hanicftlly  interfere  with  the 
thorough  agitation  of  Hie  mislui-e,  a  longer  time  may  be  required.  In 
case  a  viscous  solution  is  being  analyzed  and  the  liquid  threatens  to  foam 
over  into  F,BiB  rinsed  out  and  a  little  caprylic  alcohol  Ja  added  through 
it.  For  amino  substances,  such  as  amino-purineH,  nxiuihng  a  tooger 
time  Uian  five  minutes  to  react  (cf.  p.  191,  former  article),  one  merely 
mixes  the  reading  solutions  and  lets  them  stand  the  required  length  <rf 
time,  then  shakes  al)out  two  minutes  lo  drive  the  nitrogen  completely 
out  of  solution. 

When  it  is  known  that  the  solution  to  be  analyzed  is  likely  t« 
foam  violently,  it  is  advisable  lo  add  caprylic  alcohol  throu^  B 
l)eforc  the  amino  solution.  B  is  then  rinsed  with  alcohol  and  dried 
with  ether  or  a  roll  of  filter  paper  before  it  receives  the  amino  solu- 
tion. 

8.    Absorption  of  nitric  oxtde  and  mMSurement  of  niirogen.    The 

■  Only  BiS  per  wnt,  of  the  lyaiiw  uitrogw  rwct*  In  fl'.i'  tninnt<>»,  but  th« 
ntnutining  onc-twmtl«lh  of  tlie  lyiiiie  niliogen  ia  R  (irnctlcallj-  wgtlgfble  ftvpor- 
ti«n  of  the  t«(«]  nitrogoi  of  h  oooplvte  pratdn. 
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reaction  being  completed,  all  tbe  g&n  in  D  U  displaced  into  F  hy  liquid 
{roni  A  and  the  muture  of  nitro^n  and  nitric  oxide  is  driren  from  F 
into  llie  absorption  pipctt*.  Solution  in  absorbing  pipette  is  KMnO,  60 
grams  -\  25  KOU  (ur  18  erams  NaOII)  in  one  liter.  The  driving  rod  is 
then  (»>nu«ctcd  with  Iho  pipette  by  lilting  tbe  hook  from  the  shoulder  of 
d  and  placing  tho  other  hooli,  on  the  opposite  side  of  the  driving  rod, 
ovur  the  horizonlal  lower  tube  of  the  pipetie.  The  latter  is  th«n  shaken 
by  tbe  motor  for  a  minute,  which,  with  any  but  almost  completely  ex- 
Iiauslfd  pirmanganate  soliilions,  completes  tlie  absorption  of  nitric  oxide. 
Thr  purt-  nitrogen  is  Iben  mea.sur?<I  in  F.  During  the  above  operations 
a  is  left  open,  to  permit  displacement  of  liquid  from  Z>  as  nitric  oxide 
forms  in  D. 

Testing  comphtenMs  of  reactioru  Particidarly  when  the  meobauical 
shaker  is  used,  there  is  little  danger  of  failing  to  obtain  a  <!omplcte 
evolution  of  nitrogen.  The  point  may  be  tested,  however,  as  follows. 
The  nitrogen  from  F  is  driven  out  at  c;  a  ia  closed  and  D  c<jnnectcd  with 
F.  The  gas  which  haa  formed  in  the  nitrous-acid  solution  in  D  during 
the  absorption  of  the  nitric  oxido  aud  measurement  of  nitrogen  is  shaken 
out  and  driven  over  into  F  and  then  into  tlie  Heiupel  pipette  as  before. 
After  absorption  of  the  nitric  oxide,  tlic  gas  left  should  not  measure  more 
tlian  lliat  obtained  in  blank  tests,  usually  less  tlian  0.1  c,c.  After  the 
gas  has  all  been  forced  from  D  over  into  F  at  the  end  of  the  reaction, 
the  nitrous  solution  is  run  out  from  D,  by  opening  d,  through  a  tube 
k-aJiu^  to  a  drain.  B  is  rinsed  and  dri«d  with  a  roll  of  Sltor  paper  or 
with  aleohol  and  ether  and  tbe  apparatus  is  immediately  ready  for  use 
again. 

Rhuih  dcti-munations,  pcrfnrnifil  as  aboTS  exoept  that  10  c.e.  of 
di.iUlled  water  rrpiiicrs  the  solution  of  amino  Stibslanec,  must  be  per- 
formed on  every  fresli  lot  of  nitrite  used.  The  amount  of  gas  obtained 
on  a  Bvo  minute  blank  is  usually  0.3  to  0.4  c.c,  with  very  little  ineretae 
for  longer  tests.  Xitrite  giving  a  mueb  larger  correction  should  be  n- 
jected. 

ThR  following  detftrminatious,  performed  with  au  -^n  solution  of 
leucine,  indicate  the  speed  of  the  reaeUon.  Tbe  correction  applied  for 
reagraits  was  0.40  c.c  Ten  cubic  centimetent  of  -C^  leucine  solution, 
containing  14.01  mgs.  of  nitrogen,  were  used  for  each  determination. 
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The  driving  whoel  was  making  300  rm'olutious  per  minute.  At 
speeds  of  400  or  500  revolutions  the  reaution  can  be  driven  to  completioti 
in  three,  ur,  wilJi  higher  room  tcmpcmturc,  in  two  minutes. 

The  rata  of  n-action  of  ammonia  is  sliown  in  the  following;  table. 
Ten  C.C.  portions  of  VV  ammonium  sitlphate  Bolittton,  contaioing  28.02 
nigs,  of  nitrogen  each,  were  used. 
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As  pointed  out  before,  ammouia  reacts  slowly  compared  with  the 
ftnuno-acids.  For  accurate  determinatioH  of  NEf  -nitrogen  in  digesting 
solutiints,  etc.,  it  u  advisable  U  first  remwe  tht  ammonia;  although  good 
comparative  results  can  be  obtained,  in  the  presence  of  the  relatively 
small  proportion  of  ammonia  usually  present,  if  reaction  conditions  of 
time,  temperature  and  concentration  of  solutions  are  kept  constant,  n 
that  the  proportion  of  the  ammouia  decomposed  is  the  same  in  each  de- 
termination. The  ammonia  can  be  conveniently  removed  and  deter- 
mined by  distillation  with  Ca(OH),  under  diminished  pressure,  as  de- 
scribed on  page  21,  Vol.  X,  of  tliis  Journal.  After  the  distillatioa  the 
exc«88  Ca  (OH);  is  dissolved  vvith  acetic  acid.  It  is  essential  that  all 
the  etliyl  alcohol  should  be  distilled  olT,  Qs  it  decomposes  nitrous  add 
with  formation  of  large  volumes  of  gases  which  can  be  removed  with 
permanganate  only  with  difficulty  and  by  the  use  of  perfectly  fresh 
permanganate  solution.  The  point  at  which  the  alcohol  has  all  beeo 
boiled  oS  is  usually  indicated  when  the  solution  begins  to  foam  in  the 
distilling  flaak. 

The  following  results  were  obtained  with  (.vsine  picrale.  Lysine,  as 
previously  stated,  reacts  more  slowly  than  the  other  amino-acids  b^ 
cause  it  contains  not  only  an  n-amino  group,  but  also  an  w-amino  group. 
In  the  0ftccn-  and  thirly-miDule  determinations  the  eolation  was  shskeo 
only  during  the  last  Sve  minutes. 
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Solutions  to  be  analyzed  should  be  free  of  ethyl  alcohol  and  acetone. 
These  substances  when  mixed  with  nitrous  acid  give  off  gases  or  vspon 
which  are  with  difficult  absorbed  by  the  permanganate. 
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Amyl  alcohol,  tchicK  in  ike  original  dMcripiion  of  the  amino  meikod 
wtu  Tecommendid  to  prevent  ih$  foaming  of  viscous  Mlulion.  must  he 
replaced  for  this  purpose  bn  caprylic  alcohol  [Kahlbauiu's  "  octyl- 
alkobol  (sckucdar)!  "].  Amji  alcohol,  boiling  at  13V,  has  the  dis- 
advantage of  a  very  noticeable  vapor  tension.  Pennanganat«  soltition 
apparently  posseBses  the  power  to  absorb  slight  amonnts  of  arayl  alcohol 
vapor.  Particularly  on  hot  days,  however,  and  when  relatively  much  of 
the  alcohol  is  ased,  it  is  necessary  to  change  the  permanganate  with 
every  HnBlysis  or  else  reduce  the  volume  of  gas  ohserved  by  mulliplica- 
tiou  with  an  empirically  determined  factor. 

For  convenience  in  calculating  results  tlie  following  table  is  ap- 
pended. The  figures  are  calculated  by  dividing  by  2  those  for  moist 
nitrogen  given  by  Gattermann  in  the  Praxis  des  OTganischen  Chemikers, 
ninth  edition.  They  represent  the  weights  of  amino-nitrogen  in  milli- 
grams which  correspond  to  1  c.e.  of  nitrogen  gaa,  obtained  by  the  action 
of  nitrous  acid  and  measured  over  water,  at  the  temperatures  and  at- 
mospheric pressures  indicated." 

238.  Van  Slyke  micro-apparatus  for  amino-nitrogen. — The  smaller 
apparatus  has  the  following  ditnciisions:  gas  burette,  10  c.c,  the  upper 
part  measuring  0.02  c.c.  The  dcaminizing  bulb  is  11-12  cc.  and  the 
10  c.c.  burette  is  replaced  by  one  of  2  c.c.,  only  10  c.c.  of  nitrite 
solution  and  2.5  c.e.  acetic  acid  are  ro<nured  and  the  eorroclion  for  the 
i-eagents  is  0.06-0.12  c.c.,  according  to  Tlie  quality  of  the  nitrite  used. 
"  "With  the  iiuero  apparatus  ihe  error  need  not  be  more  than  0.005  mg, 
of  N  when  2  c.c.  or  U-ss  of  N  gas  are  measured.  One  can  analyze  l/5th 
of  the  amount  of  substance  needed  for  the  larger  apparatus.  0.5  mg.  of 
amino  N  can  be  mcasurfiil  (0  an  ac^purary  of  1  per  c^nt.  The  only 
change  of  procedure  from  that  already  described  is  in  the  sp^d  at  which 
the  deaminizing  bulb  is  shaken  and  the  Hempol  pipette.  The  deaminiz- 
ing  bulb  should  l>e  shalten  at  a  very  high  rate  of  speed;  about  as  fast  as 
the  eye  can  follow,  or  an  unnecessary  amount  of  time  is  last  in  freeing 
the  apparatus  from  a.ir.  This  stage  is  accelerated  by  warming  the  nitrite 
solution  to  30°  before  it  is  used.  During  the  absorption  of  the  nitric 
oxide  the  Hempel  pipette  should  be  shaken  not  faster  than  twice  per 
second.  Because  of  the  small  amount  of  nitrogen  to  be  measured  it  ia 
especially  necessary  that  the  removal  of  air  in  the  first  stage  be  com- 
plete. This  ia  assured  by  shaking  the  solution  in  the  deaminizing  bulb 
back  each  time  in  this  stage  until  the  bulb  is  two-thirds  filled  with 
nitric  oxide.  The  hook  or  wire  loop  from  whieh  the  deaminixing  bulb  ia 
sospcnded  should  be  pcrfectEy  rigid  and  hold  the  eapillary  outlet  tube 
tightly.  Binding  the  tube  to  tlie  holder  with  a  atrip  of  rubber  band  is  a 
K  satisfactory  method  of  insuringa  firmly  held  apparatus."  "  Clean  whole 
I    apparatus  with  l)ichromate-8ulphuric-acid  mixture.    For  especially  ao- 
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^V            curate  results  measure  the  ammo-acid  solation  frith  an  Ostvald  1  or 
H             2  C.C.  pipett«  graduated  to  deliver  between  0.001  and  0.002  ex.  into  the 
H             2  C.C.  burette  and  vaah  the  burette  tTrice  with  6  or  7  drops  of  water  dis- 
H             iributed  about  the  entire  inner  walls  of  the  burette  for  each  washing." 
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H                     *  229.     Quantitative  estimation  of  total  sulphates  in  urine  (Folio. 
1               Jour.  Biol  Chcm.\.^9(^,G.  153).    Qentl.v  boil  in  a  200-250  c.c  Erlen-    | 
1              meyer  flask  for  20-30  minatea  25  c.c.  of  urine  and  20  e.c  of  dilute  HOI    1 
H              (1  pari  HCl,  6p.  gr.  1.20  to  4  pUs.  water) ;  or  50  c.c.  urine  and  4  &<.    1 
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>eoo.  HCl,    Eocp  covered  vith  a  small  watch  glass  during  boiling.    Cool 

for  2-3  minutes  under  the  tap  and  dilute  witli  cold  water  to  150  c.e.    To 

this  cold  solution  add  10  c.c  of  5  per  cent.  BaC!,  Hlowly  droj)  hy  drop, 

witliuut  litiakiDg  or  stirring  tlie  Koliition  during  the  addition,  and  allow 

Kto  stand  without  sliaking  for  one  hour.    After  one  hour,  or  later  as  con- 

"  veniiiut,  shake  the  mixture  and  filter  through  a  Oooch  wcigli«d  crucible 

witii  an  asbestos  mat,  wash  with  about  250  c.c.  cold  water,  dry  and  ignite, 

1  cool  and  weigh.    Ten  iniuutea'  ignition  is  sufficient  unless  organic  matter 

i  i»  present. 

Preparation  of  the  asbestos  mat.     Cut  a  good  grade  of  fibrous  asbestos 

Willi  scissors  into  lengths  of  50-70  mm.    Plaeu  a  few  grams  at  a  time  in 

]«r  with  300  c.c.  of  5  per  eent.  IICl  and  pass  a  strong  air  current 

This  separates  the  fibers.    Keep  ready  for  use  in  dilute  HCl. 

From  50-100  mgs.  of  asbestos  is  used  Cor  each  mat.    By  a  good  vacuum. 

pump  the  asbestos  mat  is  packed  firmly  in  a  thin  but  compact  layer.    It 

is  washed  nuallj  with  water  with  only  enough  vacuum  to  muke  the 

[water  go  through  slowly.    Ury,  ignite  and  weigh.    The  same  mat  may 

be  used  repeatedly  until  about  1  gram  BaSO^  ha-s  eoUeetcd  in  it.     It  ia 

somewhat  dillicull  to  prepare  sut'h  mats,  which  show  no  loss  on  filtering 

and  ignition.    On  igniting  do  not  apply  tlie  fiame  directly  to  the  bottom 

of  the  crucible,  or  losses  will  occur.    To  ignite,  place  the  lid  of  a  platinum 

crucible  on  a  triangle  and  let  the  crucible  stand  upright  on  the  lid. 

Another  platinum  lid  should  cover  the  crucible.    The  fiame  is  applied  to 

Ihc  lower  platinum  lid.    Ten  minutes'  ignition  is  sufllcient. 

330.    Estimation  of  inorganic  aulphates  of  urine  (Folin,  Jour.  Biol. 
Chem.  1,  1905,  151).— Measure  25  c.e.  o(  urine,  100  ce.  of  water  and 
10  e.c.  of  HCl  (1  vol.  eoucentrated  HCl  to  4  vols,  of  water)  into  a  250 
c.e.  Krloumeyer  flask.    If  the  urine  is  dilute  50  c.c.  may  be  taken  instead 
25  and  correspondingly  leas  water.    Add  drop  by  drop,  preferably  by 
of  an  automatic  droppex-,  10  c.c.  of  5  per  cent  BaCl,  solution, 
urine  solution  is  not  to  be  shaken  or  stirred  during  the  addition  of 
iBfrCIt  nor  for  an  hour  afterward.    At  the  end  of  the  hour  proceed 
with  the  determinatioD  of  the  precipitated  sulphates  in  the  manner  al- 
Te&d>'  described  for  the  estimation  of  the  total  sulphates. 
K       331.    Estimation  of  the  conjugated  sulphates. — The  conjugated  sul- 
phates  arc  CMtimaled  by  taking  the  dilTerenee  belweon  the  total  sulphates 
a.-;  determined  in  experiment  229  and  the  Inorganic:  sulphates  iu  experi- 
ment 230. 

233.     Estimation  of  total  sulphur  by  the  Benedict-Denis  method. — 

Beoffent.'      25  grttmt  Cii(NO  ) 
25      "       N*C1 
10      "       NH^NO^ 
100  OM.       B^O 
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Procesi.  In  a  4-inch  porcelain  dish  evaporate  10  to  25  e.c.  nrine  with 
5  e.c  of  the  above  reagonl-  VTIicn  dry,  heat  earefully  over  a  free  flame, 
gradually  raising  ihe  temperature  until  heated  to  a  dull  red  heat.  Keep 
at  tliis  temperature  for  10-15  minutes.  Tool  and  dissolve  in  10-20  c.c 
10  per  cent.  HCl  solution.  'Warra  and  dilute  to  about  150  k.c.  Filter 
if  Deccssaty  and  determine  the  SO4  aa  described  in  230. 

333.  Ethereal  and  inorganic  sulphates.  Volumetric  method  (Bo- 
scnheim  and  Dniinmond,  Stock.  Journal,  viii,  143,  1914). — Principle. 
Precipitation  of  the  sulphates  with  beuzidene  hydrochloride  and  titration 
of  Iho  acid  in  tlie  Iwnzidene  sulphate  with  KOH. 

Process.  Make  the  benzidene  (p-diamino-di  phenyl,  NH,.C«Hj. 
C0H4.NH3)  solution  by  rubbing  4  gramg  of  Kahlbaum'a  benzidene  to 
a  fine  paste  with  about  10  c.c.  of  water  and  transfer  to  a  liter  flask  with 
about  500  c.c.  of  HjO;  5  c.c.  con.  HCI  (sp.  gr.  1.19)  are  added  and  the 
solntion  made  to  a  titer  with  water.  130  c.c.  of  this  solution,  whidi 
keeps  indefinitely,  are  sufficient  to  precipilalfi  0.1  gr.  HjSO,. 

Inorganic  sulphates. — Measure  25  c.c.  of  urine  with  a  pipette  into  1 
250  C.C.  Erienmeyer  flask,  add  diluto  (1:4)  HCl  until  the  reaction  is 
distinctly  acid  to  congo  paper.  1-2  c.c.  of  acid  is  usnally  enough.  100 
c.c.  of  benzidine  solution  is  then  nin  in  and  the  precipitate  which  fonoa 
in  a  few  seconds  is  allowed  to  settle  10  minutes.  Filter  the  precipitate 
under  suction,  wash  with  10-20  c.c,  EjO  saturated  with  benzidene  sul- 
phate; transfer  the  precipitate  and  filter  paper  to  the  original  flaak 
with  about  SO  cc  of  water  and  titrate  hot  with  0.1  N  KOH  after  adding 
a  few  dfops  of  a  fluturatcd  alcoholic  solution  of  phcnolphthalcin.  1  c.(- 
N/10  KOH  eorrvspondfi  to  49  mgs.  H-SO,. 

Total  sulphates. — Measure  25  c.e.  urine  into  a  250  e.c.  fiadc,  add  20 
e.e.  dilute  (1:4)  HCl  and  boil  tor  15-20  miuutes  to  hydrolyze  the  ethereal 
sulphates.  Tlie  authors  state  that  a  smaller  amount  of  acid,  namely 
2-5  cc,  wilt  do  aa  well.  If  tlie  larger  amount  of  acid  is  used  carefoOy 
neutralize  the  acid  after  boiling  with  KOU  and  then  again  add  HCl 
until  the  reaction  is  acid  to  congo  nid.  Cool  solution  and  precipitate  at 
ODce  with  benzidene  solution.  Prococtl  from  this  on  as  in  the  inorganic 
sulphate  determination.  Ethereal  sulphates  are  given  by  different  U- 
twcen  the  total  and  inorganic.  Method  ia  as  acourato  as  the  gravimetrie 
and  much  easier. 

*  234.  Quantitative  determination  of  the  chlorides  of  urine.  VoU* 
hard's  method. — Principle.  All  the  chlorides  in  the  urine  are  precipi- 
tated as  silver  chloride  by  the  addition  of  a  known  amount  of  silver 
nitrate  to  tlie  urine  after  the  addition  of  nitric  acid.  The  excess  of  ailrer 
remaining  in  solution  is  then  titrated  with  a  standard  BOlatJoa  of 
potassium  sulpbocyanatc,  using  a  ferric  salt  as  an  indioator. 

Prouu.    Introduce  into  a  100  cc.  Tolunietrie  flaak  10  ce.  of  oriiM 
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with  a  pipette,  add  4  c.c.  concentrated  nitric  acid  and  20  c.c.  of  a  standard 
solution  of  silver  nitrate.  Fill  the  Qask  to  the  mark  with  distilled  water, 
mix  well,  aud  filter  through  a  dxy  filter  paper  into  a  dry  beaker  or  flask. 
Take  accurately  50  c.c.  of  the  filtrate,  add  to  it  5  c.c.  of  iron  alum  solu- 
tion and  titrate  with  the  standard  snlphooyanatc  solution  until  a  per- 
manent red  color  is  obtained.  Record  the  reading  of  tho  bur«ttc  eoo- 
taining  the  sutphocyanatc  at  the  boginniug  and  ond  of  the  titration. 

Calculaliiyn.  On  slandardixation  of  the  KCNS  it  was  found  that 
1  e.c.=x  cc  AgNO,  solution.  In  the  above  titration  y  c.c.  KCNS 
solution  have  been  required  to  titrate  the  excess  AgNO,  in  50  c.c.  of 
the  filtrate.  100  c.e.  or  the  wliolc  filtrate  would  require  2y  c.c.  KCNS. 
This  ia  equivalent  ta  2x1/  c.c  AgNO,  solution.  Tho  whole  amount  of 
AgNOi  solution  added  was  20  c.c.,  hence  20 — 2xy  c.c.  is  the  amount  which 
has  been  used  to  precipitate  the  chlorides.  1  c.c.  of  the  standard  AgNOj 
is  equivalent  to  .01  gram  NaCl  or  .00606  gram  CI.  The  toUl  CI  in  10  o.c. 
of  urin(>  is  henoe  (20-2je:i;)X-006D6  grams.  In  100  e.c.  it  is  10  times  this 
amount. 

Standard  aoluiions.  Silver  nitrate.  Dissolve  29.063  grams  fused 
AgNOa  iQ  distilled  water  anil  nmkc  up  to  1  liter.    1  c.c.=:.00fi06  gr.  CI. 

Potassium  sulphocyanaie.  S  grams  of  the  salt  dissolved  in  water  and 
made  to  1  Liter.    Standardize  by  titrating  against  AgNO^  solution. 

Iron  alum.    Concentrated  solution.    Pure  RHO^  free  from  chlorine. 

Standardisation  of  sulphocyanate  solution.  Measure  accurately  with 
a  burette  or  pipette  10  c.c.  of  the  standard  AgNO,  solution  into  a  clean 
300  C.C.  beaker  or  flask,  add  5  c.c.  of  pure  nitric  anid.  5  c.c.  of  iron  alum 
solution  and  80  c.c.  of  water.  From  a  burette  run  in  the  solution  of 
sulphocyanate  carefully  until  a  permanent  faint  red  tinge  is  obtvned. 
Note  the  reading  of  the  burette  before  and  after  the  addition  of  the 
sulphocyanate  to  the  silver  nitrate.  Two  determinations  should  be  made 
and  the  mean  taken. 


z  e.c.  KCNS  =  10  c.c.  AffNO,  1 1  1  e.0.  KCNS  :=  10/x  e.o.  .AgNO,. 
235.    Estimation  of  calcium. — (a)    Solutions   required.     2.5 


per 


cent,  oxalic  acid,  20  per  cent,  sodium  acetate,  0.5  per  cent.  {NH4)tCtO« 
sol. 

(b)  Process.  Before  measuring  off  a  sample  of  urine,  determine  the 
reaction  toward  Htmus  paper.  If  neutral  or  alkaline,  make  slightly 
acid  by  the  addition  of  fionc.  HCl.  Muc  well  and  filter  a  portion.  Meas- 
ure off  200  C.C.  of  the  filtered  urine;  If  only  faintly  acid  to  litmus  paper 
add  10  drops  cone.  HCl;  if  the  filtered  urine  is  strongly  acid  make 
slightly  alkaline  with  NH,OH  and  then  acidify  a^  above  indicated, 
finally  adding  10  drops  cone.  HCl  (sp.  gr.  1.19)  or  10  c.c.  N/2  HCl. 

Now  add  10  C.C,  of  the  2.5  per  cent,  oxalic  acid  drop  by  drop  to  the 
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edd  solution;  then  m  the  ftam«  way  add  8  c.c.  of  the  20  per  oent.  KaC, 
H,0,  solution.  Now  allow  to  stand  ovuroiglit  or  shake  vigorously  for 
10  minutes. 

Filter  oCl  on  ashless  paper,  wash  free  from  chlorides  with  0.5  per 
cent'  (Nni)yC,0«  solution.  Ignite  in  a  porcelain  cruoible  and  weigh  as 
CaO.  Ignite  strongly  until  constant  in  weight.  Or  filter  through  as- 
bestos, transfer  washed  precipitate  ami  attbratos  to  a  beaker  witli  a 
little  water,  acidify  with  aulphurie  acid  imd  titrate  with  N/20 
permanganate. 

*  336.  Estimation  of  total  phosphates  by  the  uranium  acetate 
titration. — Measure  off  by  a  pipette  i»0  e,e.  urjue  into  a  150  lo  300  v..c, 
beaker,  add  5  cc  sodiuiu-aoetate  solution  (1  liter  contains  llX)  grams 
aodium  acetate  and  30  grains  acetic  acid)  and  heat  to  boiling.  Now 
while  boiling  gently  and  agitating,  add  drop  by  drop  of  tlie  standard 
urauinm-acetatu  solution  (S5.461  gnuns  made  up  to  1  liter)  until  oiu 
DO  longer  is  able  to  see  the  formation  of  a  distinct  procipitate  as  tli« 
solution  is  added.  Now  remove  a  drop  on  to  a  titration  plate  containins 
dro[>8  of  10  per  eenL  K«FeCy,  Bolution.  The  end  point  is  reached  wbea 
the  mixture  of  tlie  drops  at  once  yieldn  a  browniuli-red  precipitate. 

It  may  be  necessary  to  repeat  the  titration  to  arrive  at  a  more 
accurate  end  point.  Calculate  the  total  grams  of  phosphorua  in  tlie 
24-lioars'  sample.  Each  e.c.  of  the  uranium-acetate  solution  is  equiva- 
lent to  0.002133  gram  phosphorus. 

Tliis  method  b  not  so  accurate  as  the  gravimetric,  but  is  sulficJently 
accurate  for  all  ordinary  purposes  and  mueh  easier  than  (he  gravimctriix 

337.  Quantitative  determination  of  glucose  by  Bang's  method. 
{Biock.  Ztschr.  2  and  11 ;  and  49,  1913).— rnnctplc.  A  standard  »Iu- 
tion  of  Cu(CNS)„  cupric  thiocyanate,  made  alkaline  by  KjCO,  and 
KHCO,  is  reduced  by  glucose  to  colorless  CuCNS,  cnprooa  thiocyanate. 
An  exccas  of  the  reagent  is  used  and  the  excess  of  the  cupric  salt  is 
tilratei!  to  the  colorless  cuprous  salt  by  a  standai-d  solution  of  hydro- 
xylamlnc  sulphate,  i-^rum  the  amount  of  bydroxylamine  required  to  re- 
duce the  excess  of  cupric  salt  the  amount  of  cupric  salt  reduced  by  Um 
sugar  can  be  found  and  from  this  by  reference  to  a  tabic  which  bos  be«o 
prepared,  by  determiniug  the  reducing  power  of  known  amounts  of 
dextrose,  the  amount  of  dextrose  in  the  solution  is  detcrmiood. 

Process.  MeaHure  from  a  pipette  10  c.c.  of  urine,  which  must  not 
contain  more  than  0.6  per  cent,  of  glucose,  into  a  tlat-bottomed  300  cc 
flask.  If  the  urine  oontains  more  than  this  amount  of  sugar  take  a 
proportionately  smaller  amount  of  it,  2-5  cc,  and  dilute  with  water  so 
that  tlie  bulk  of  fluid  added  to  the  flask  is  10  c.e.  Add  50  c.c.  of  the 
copper  solution  and  heat  to  boiling  on  a  wire  gauze  and  boil  for  exactly 
three  ounutcs.    Remove  and  cool  at  ouee  under  the  tap  to  stop  the  ra- 
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action.  Kow  run  in  slowly  from  a  buretts,  Uie  nading  of  n-hicb  liaa 
b«CD  taken,  the  standard  hydroxylamine  solution,  shaking  the  flask  with 
each  addition,  until  the  solution  loses  its  blue  color  and  becomes  colorless 
or  has  ft  slight  yellow  tint.  The  end  point  is  not  very  sharp.  An  error 
of  0.5  cc.  of  hydroxy!  amine  is  passible  for  beginners.  From  the  amount 
of  hydroxylaminu  solution  required  the  amount  of  dextrose  can  be  found 
by  consulting  the  accompany iog  table: 
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(Bang.) 
Standard  solutions:  Copper  soUttic^ti.  Dissolve  12.5  grams  of  copper 
sulphate  (CuSO.-l-SHjO)  in  60  «.c.  water,  warming  if  necessary,  and 
after  pooling  to  room  temperature  dilute  to  75  c.e.  Place  in  a  large 
evaporating  dish  or  beaker  200  grams  of  powdered  potas-sium  thiocya- 
nate,  250  grama  of  potassium  carbonate  and  50  grains  of  potasshira  bicar- 
bonate, and  about  600  p.c.  of  water.  Slir  and  if  necessary  aid  the  solu- 
tion by  gently  warming  on  the  water  bath,  but  not  over  50°.  Cool  the 
solution  under  the  tap  to  the  usual  temperature,  add  the  copper-sulpliate 
solution  very  slowly,  a  little  at  a  time  while  stirring.  Transfer  to  a 
1  liter  volumetric  flasV,  washing  the  evaporating  dish  or  beaker  out 
carefully  into  the  volumetric  flask  and  make  up  to  1  liter.  The  solution 
slowly  changes  on  standing  and  iu  three  months  is  useles.<i.  With  a 
little  eare  the  solution  may  h<!  made  directly  in  Uie  dask.  The  process 
outlmed  above  must  he  followed  exactly  or  a  false  titer  will  be  found. 

Hydroxtflamine  solution.  Dissolve  200  Krarns  piitaasium  thiorg-anatc 
in  1,500  c.c.  of  water  in  a  2-Uter  volumclric  flask.  Add  to  it  a  solution 
of  6.55  grams  hydroxylamine  sulphate  in  a  little  water,  carefully  wa£h- 
ing  all  the  solution  into  the  flask,  and  make  up  to  2  liters. 

Standardization,  These  two  solutions  sliould  exactly  correspond. 
Titrato  50  e.c.  of  the  copper  solution,  to  which  10  c.c.  water  is  added,  with 
the  hydroxy!  amiue<sulphatc  solntion^  to  make  sure  that  they  do 
eorrespond. 


080 


PHYSIOLOGICAL    CBKMlSTBlf 


The  advaulagee  of  Uiis  mclJiod  ore  that  tbc  solutioo  is  less  aUcaline 
so  that  tlic  sugar  is  not  brokon  up  readily  by  the  alkali  and  no  precipi- 
tate forms  so  thftt  Uic  end  point  is  sharper.  The  reducing  action  of  th« 
uric  acid  and  creatinine  is  small  in  this  faintly  alkaline  solutiOD, 
that  they  iotroduee  less  error. 

338.  Quantitative  determination  of  glucose  by  Bang's  micfd 
method  (Bang,  Biochemuche  ZciUckri{t,  XLIX,  p.  1,  iyi:i;  LVII,  301, 
1913). — Principle.  The  macrochcmical  method  is  expensive  on  account 
of  Ihc  cost  of  hydroxy! amine  and  thiocyanatc  and  the  copper  solution 
is  not  stable.  By  this  method  very  minute  amounts  of  glucose,  even 
0.1  mg.,  may  bo  accurately  dotermined.  The  copper  solution  is  modified 
from  the  former  method  in  that  less  carbonate  Is  taken  and  potftssium 
chloride  Is  subulitiited  for  [votasstum  thiocyauatti.  The  copper  is  redneed 
in  the  ahsence  of  air  and  tbc  reduced  cuprous  chloride,  which  is  kept 
in  solution  by  the  large  amount  of  KCl  preKvnt,  is  titrated  directly  with 
N/IOO  or  N/25  or  N/10  1  solution,  soluble  starch  being  used  as  the  indi- 
cator. Tbc  iodine  sololion  under  these  conditicms  oxidizes  the  cuproos 
chloride  hark  to  tlic  r.upric  iwidition. 

Proctss.  Place  in  a  100  c.c.  Jcna-glass,  flat-bottomed  flask  havinf 
a  neck  without  a  turned-over  edge  0.1-2  o.c.  of  the  sugar  solution  lo 
be  examined.  The  solution  must  not  contain  more  titan  10  mgs.  ot 
glucose,  and  It  is  bi'tti^r  to  have  not  more  than  5  mgs.  If  the  sugar 
solution  is  more  dilute,  more  than  2  c.e.  of  the  solution  may  be  addiid. 
Then  add  55  c.c.  of  tlie  copper  solution,  m^-asuntl  with  a  55  c.c.  pipette, 
and  draw  over  the  n«tk  of  the  flask  a  closely -fiUin}r,  good  rubber  tube, 
leaving  about  2  cms.  projecting  above  the  neck  of  tlie  flask.  A  good 
ilobr  pinch  cock  is  laid  ready  to  put  on  the  rubber  tubing  so  as  to  ohMt 
the  flask  air-tight  at  the  end  of  boiling,  or  tlie  special  apparatus  figured 
in  Figure  77,  whic-h  enables  one  to  lift  tlie  Bask  from  the  flame  and  cImd 
the  moutli  at  the  same  uistant,  is  adjiisled  on  tbc  flask.  Heat  over  a 
flame  so  high  that  it  takes  ^Vs  to  V/i  minutes  to  come  to  tlie  boil  and 
then  boil  vigorously  for  exactly  3  minutes.  At  the  end  of  3  minuttf 
exactly,  clamp  air-tight  the  rubber  tube  on  thn  nwk  of  the  flask,  lift  the 
flask  from  the  flame  and  cool  at  once  under  the  tap.  The  object  of  Dm 
clamp  is  to  prevent  any  oxidaUon  by  air  white  coining.  After  cooling 
to  room  temperature,  open  the  rubber  tulw  ond  odd  '4  to  1  e.c,  of  a 
1  per  cent,  solution  of  soluble  stari-'h  in  a  saturuled  KCI  solution  to  the 
oontenta  of  the  flask  and  titrate  with  N/100  or  K/25  iodlno  eolation 
run  in  from  a  gla&K-stoppered,  small  burette.  At  first  the  decolorixaUon 
of  the  starch  takes  place  at  once  and  the  iodine  may  Ik  run  in  freely. 
When  the  blue  color  of  the  starch  iodide  appears,  ehako  Uic  flask  gently 
oooe  and  allow  it  to  stand.  Near  Ihc  curl  point  the  color  pixnists  3-3 
seconds  and  then  disappears.   Add  iotlinc  solution  antil  the  color  pcrasta 
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5-10  seconds.  Particularly  in  titrating  urine  a  slow  decolorization  ol  the 
starch  due  to  the  absorption  of  the  iodine  goes  on.  This  is  to  be  disre- 
garded and  the  end  point  taken  as  that  at  which  the  color  persists  for 
5-10  seconds. 

Computation.    There  is  a  direct  proportionality  between  the  amount 
of  sugar  oxidized  under  these  circumstances  and  the  amount  of  iodine 


Fia.   77. — Flask   for  use  In  Bang's  luIcro-niGtboil. 

solution  used,  at  least  up  to  9.5  mgs.  of  sugar.  It  is  only  necessary, 
therefore,  in  order  to  find  the  mgs.  of  glucose  in  the  amount  of  solution 
taken,  to  divide  the  number  of  c.c.  of  N/100  I  used  in  the  titration  by 
the  factor  2.7.  If  the  titration  is  by  N/25  I  divide  by  the  factor  0.7,  and 
if  N/10  I  by  the  factor  0.285.  Since  in  making  the  copper  solution  16.5 
C.C.  of  stock  solution  are  diluted  by  the  addition  of  38.5  e.c.  of  KCl  solu- 
tion, it  is  possible  to  replace  the  38.5  c.c.  of  KCl  by  38.5  c.c.  of  tlie  sugar 
solution  to  which  has  been  added  11-11.5  grams  of  solid  KCl.  In  this 
way  0.1  mg.  of  glucose  may  be  accurately  determined  wlien  present  in 
a  concentration  of  1 :  300,000. 

Copper  solution.  Dissolve  first  160  grams  KHCO.,,  100  grams  KjCO, 
and  66  grams  KCl  with  about  700  c.c.  water  in  a  1-Iiter  flask.  Since  the 
bicarbonate  is  not  readily  soluble,  pulverize  and  dissolve  it  first  at  a 
temperature  of  about  30°  C.  Then  dissolve  the  KCl  and  finally,  under 
cooling,  the  carbonate.  Now  add  100  c.c.  of  a  4.4  per  cent,  solution  of 
CuSO,-f  51120  and  fill  to  the  mark  when  the  slight  evolution  of  CO^  is 
at  an  end.  Shake  the  solution  only  gently  so  as  not  to  absorb  much 
air.  Use  the  solution  on  this  account  only  after  24  hours'  standing. 
This  is  the  stock  copper  solution.  To  use,  dilute  300  c.c.  to  1,000  c.c. 
by  the  addition  of  saturated  KCl  solution.  Shake  this  mixture  also  very 
little,  and  use  only  after  standing  some  hours. 

Iodine  solution.  This  is  a  N/100  I  solution.  This  may  be  made  by 
diluting  a  N/10  I  solution  with  boiled  water.  Such  a  solution  in  a  dark- 
colored  bottle  keeps  its  strength  unchanged  for  3  months.    One  can  make 
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it  also  from  iodide  and  iodate.  Pour  1  c.c.  of  a  2  per  cent.  KIO,  solu- 
tion in  a  100  c.c.  volumetric  flask,  add  2-2.5  gr.  KI  and  exactly  10  cc. 
N/10  HCl.  The  acid  sets  free  an  equivalent  amount  of  I.  The  reaction 
13  instantaneous  and  the  flask  is  filled  to  the  mark  with  water. 

Starch  solution.  1  per  cent,  soluble  starch  in  saturated  KCl  solution. 
This  keeps  perfectly. 

Note.  55  c.c.  of  the  copper  solution  is  reduced  completely  by  10  mgs. 
glucose. 

239.  Microdetennination  of  glucose  in  blood  (Bang>  Biock,  Zeita., 
XLIX,  1913,  p.  23;  LVII,  1913,  p.  301.— Principle.  Two  or  three 
drops  of  blood  are  received  on  a  previously  weighed,  small  piece  of  blot- 
ting paper  and  rapidly  weighed.  The  blotting  paper  is  then  heated  with 
slightly  acid  salt  solution  to  coagulate  the  proteins,  which  remain  in  the 
blotting  paper  while  the  glucose  goes  into  the  salt  solution.  The  glucose 
is  then  determined  by  the  method  given  in  238,  except  that  smaller 
amounts  of  copper  solution  and  a  weaker  iodine  solution,  N/200,  are 
employed.  Microchemical  methods  are  also  given  for  the  determination 
of  water  and  chlorides  in  blood. 

Process.  Small  pieces  of  a  good,  thick  blotting  paper  are  prepared 
about  16  X  28  mm.  in  area  and  weighing  about  100  mgs.  The  paper  must 
be  extracted  thoroughly  first  with  hot  water  acidified  with  acetic  acid  to 
remove  any  iodine-binding  substances,  chlorides  and  reducing  matters. 
(Papers  all  prepared,  weighed  and  having  attached  to  them  a  small  wire 
for  attaching  them  to  the  balance  may  be  had  from  Warmbrunn  and 
Quilitz,  Berlin,  who  also  have  the  other  apparatus  recommended.)  The 
blotting  paper  is  weighed  beforehand.  Two  or  three  drops  of  blood 
weigliing  about  100-130  mgs.  are  drawn  into  the  paper  and  immediately 
weighed.  The  weighing  is  very  conveniently  done  on  a  small  torsion 
balance  of  a  special  type  recommended  in  the  original  article.  Weighing 
to  1  mg.  is  sufficient.  The  blotting  paper  with  the  blood  is  now  placed 
in  a  test-tube  and  6.5  c.c.  of  boiling  hot  salt  solution  containing  HCl 
is  added  and,  after  standing  V2  hour,  the  clear  liquid  is  poured  carefuUy 
without  loss  into  a  50  c.c.  Jena  glass  flask  with  a  neck  without  a  rim 
and  provided  with  a  piece  of  rubber  tubing  like  that  described  in  the 
previous  method — 238.  The  salt  solution  with  HCl  consists  of  1,360 
cc.  of  saturated  KCl  -f  640  c.c.  H,0  +  1.5  cc.  25  per  cent.  HCl  in  a 
2'liter  flask.  The  salt  solution  may  be  measured  into  a  test-tube  with  a 
mark  at  6.5  c.c.  in  which  it  is  boiled.  The  blotting  paper  is  now  washed 
out  again  with  another  6.5  c.c.  of  hot  salt  solution  and  this  is  added  to 
the  50  c.c.  flask.  The  flask  is  cooled  and  after  cooling  add  1  c.c.  of  the 
copper  stock  solution  described  in  238.  This  is  sufficient  for  at  least 
0.8  mg.  of  glucose.  The  flask  provided  with  the  rubber  tubing  and  with 
the  holder  ready  to  clamp  tlie  tubing  (Figure  77)  is  now  heated  to  boil- 
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ing  80  that  it  taii«s  1  min.  30  sec.  to  come  to  the  boil  (a  variation  of 
5  secoiula  raoru  or  leRs  piTtnitled)  and  then  lioilcd  gently  for  exactly  2 
inimil«s.  At  liic  end  of  2  minntas  exantly  tli«  nibt»er  tube  on  the  neck 
of  tJie  flask  iH  daiiiimd  air-tight,  the  flask  lifted  from  the  flnme  and 
cooled  under  the  tap.  Tho  ruihicpd  cuprous  chloride  is  now  titrated  with 
K/200  iodine  solution  after  the  addition  of  1-2  drops  of  starch  solution 
and  while  the  air  in  the  flask  is  being  driven  oat  by  a  gentle  stream 
of  COt  which  Is  carried  to  the  bottom  of  the  fiask  by  a  small  tube.  It  ta 
very  neccssaiy  to  prevent  the  entrance  of  air  during  the  titration,  aa 
this  oxidizes  some  of  the  cuprous  chloride.  The  N/2i)U  I  is  ron  in  from 
B  small,  sharp-pointed,  glass-cock  burette  of  about  2  c.c.  cnpncity,  gradu- 
ated to  one-fiftieth  of  a  ce.  One  adds  the  iodine  solution  until  the 
slight  blue  color  persists  for  from  30-60  seconds.  At  first  the  color  will 
disappear  in  2-3  seconds  as  one  draws  near  tlic  end  point. 

Computation.  Since,  for  some  reason,  the  salt  solutions  and  copper 
solutions  have  t)ie  power  of  binding  about  0.12  c.c.  of  N/200  I,  this 
amount  is  first  subtracted  from  the  amount  of  N/200  I  consumed  in 
the  titration  and  the  result  divided  by  -1  give*  the  number  of  mgt.  of 
glucose  in  the  amount  of  blood  or  liquid  taken.  0.01  mg.  of  glneose  is 
equivalent  to  0.04  e.e.  of  N\/200  I  solution.  Kor  example,  if  0.72  c.c. 
of  N/200  I  has  been  used,  the  amount  of  glueose  will  be  0.72— 0  J2-f-4,  or 
0.15  rag.  of  glucose.  The  results  llms  obtained  with  blood  are  a  little 
higher  than  results  given  by  Bcrlraud  or  the  macro- luclhod.  This  is  duo 
to  the  presence  of  some  I-binding  material  in  blood.  Expericm-e  shows 
that  this  is  about  e((uivalcu1  to  0.01-0.015  per  cent,  of  glucose,  so  that 
this  amount  should  be  subtracted  from  the  results  obtained  to  give  the 
true  value  of  the  glucose  content. 

Solutions.  The  N/200  I  is  made  fresh  since  it  is  not  stable.  Into 
a  100  C.C.  volumetric  flask  bring  1-2  c.c.  2  per  cent.  KJO„  about  2  grs. 
KI,  exactly  5  c.c.  of  N/10  HCl  and  fill  to  the  mark  with  water.  The 
copper  solution  has  already  been  described  in  238. 

*  340.  Glucose  by  Benedict's  method  (Journal  Amer.  Med.  Aks., 
LVII,  1193, 1911).— Principle.  Complete  reduction  of  a  standard  cupric 
sulphate  to  a  colorless  cuprous  state  by  urine  run  in  from  a  burette. 

Procest.  25  c.c.  of  the  reagent  are  measured  by  a  pipette  accurately 
into  a  25-30  cm.  evaporating  dish.  Add  10-20  grams  of  crystalline 
Na,CO„  or  half  the  quantity  of  the  anhydrous  salt,  some  powdered 
pumice  or  talcum,  and  heat  to  boiling  over  a  free  flame  nntil  the  car- 
bonate haa  completely  dissolved.  Dilute  10  ce.  of  urine  to  100  ax., 
unless  the  amount  of  sugar  in  it  is  small,  when  it  can  be  used  without 
dilution,  fill  a  burette  with  the  nrine,  or  diluted  urine,  to  the  zero  mark 
and  run  into  the  boiling  copper  solution  rather  rapidly  at  firat,  then 
more  slowly  as  the  color  grows  leas,  then  add  but  a  few  drops  at  a  time 
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until  the  solution  is  colorless.  A  white  precipitate  forms.  If  the  mix* 
ture  becomes  too  concentrated  during  the  process,  add  water  to  replace 
that  evaporated. 

Ccdculatian.  The  reduction  of  the  25  c.c.  of  the  copper  reagent  is 
accomplished  under  these  conditions  by  exactly  50  mgs.  of  glucose.  The 
amount  of  urine  run  in  from  the  burette  contained  this  amount  of  glu- 
cose, provided  of  course  there  was  no  other  reducing  substances  in  It.  If 
the  urine  was  diluted  10  times,  then  the  per  cent,  of  glucose  in  the 
original  urine  was  0.050Xl,000/x,  where  x  was  the  number  of  c.e.  used 
from  the  burette. 

Standard  solution.  CuSO^  (crystalline),  18.0  grams;  NajCO,  (crys- 
talline) ,  200  grams ;  sodium  or  potassium  citrate,  200  grams ;  KCNS,  125 
grams ;  potassium  ferrocyanide,  5  per  cent,  solution,  5.0  c.c. ;  distilled 
water  to  make  a  total  volume  of  1  liter.  Dissolve  the  carbonate,  citrate 
and  thiocyanate  in  about  800  c.c.  water  and  filter  if  necessary.  Dis- 
solve the  copper  sulphate  in  100  c.c.  water  and  add  slowly  little  by  little, 
stirring  constantly,  to  the  800  c.c.  Add  the  ferrocyanide  and  make  up 
exactly  to  1  liter.  The  copper  salt  must  be  weighed  exactly ;  the  other 
constituents  need  not  be  so  exactly  measured. 

The  advantage  of  this  method  over  the  original  titration  by  Fehling's 
solution  in  a  similar  way  is  that  the  solution  is  less  alkaline  so  that  the 
sugar  is  less  profoundly  decomposed  by  the  alkali  and  there  is  less 
danger  of  oxidation  by  the  oxygen  of  the  air.  The  end  point  in  this 
method  is  sharp,  whereas  in  the  titration  by  Fehling's  solution  it  is 
often  very  indefinite.  The  method  is  probably  as  accurate  as  any 
volumetric  method.  The  drawback  to  the  method  lies  in  the  changing 
concentration  of  the  copper  as  the  titration  proceeds,  so  that  relatively 
less  copper  is  used  to  oxidize  each  molecule  of  glucose  and  the  danger 
of  oxidation  by  the  air  increases.  It  is,  however,  the  most  convenient 
and  exact  of  the  volumetric  methods,  except  the  metiiod  of  Bang,  which 
has  some  points  of  superiority,  but  is  not  so  simple. 

Other  methods  have  been  suggested,  but  they  are  inferior  to  those 
given  here  and  are  accordingly  omitted.  This  second  method  is  supe- 
rior to  Benedict's  earlier  method. 

241.  Quantitative  determination  of  reducing  sugars  in  urine  and 
other  fluids.  Bertrand  method  (Bertrand,  BuU.  de  la  80c.  Chimigue  de 
Paris,  XXSV,  p.  1285,  190G).— In  the  absence  of  other  reducii^  sob- 
stances  in  the  urine  the  amount  of  glucose,  or  other  reducing  sugar, 
can  be  best  determined  by  the  Bertrand  method  or  by  a  combina- 
tion of  the  Munson  and  Walker  and  Bertrand  methods  which  fol- 
low (242). 

Principle.  The  sugar  containing  liquid  is  boiled  with  a  definite 
amount  of  Fehling's  solution  for  a  specific  time.    There  must  always  be 
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FiBi^  excess  of  Fehlm^'s  solution  rxsed,  so  that  tLe  blue  color  is  little 
changed.  The  cuprous  oxide  formed  is  fiUerwl  off  on  an  asbestos  flitor, 
and  the  amount  determined  by  redissolving  it  in  a  solution  of  feme 
sulplmte  conlaiiHiig  milphiirit  acid  and  titratiog  the  anunuit  of  ferrous 
sulpliatc  formed  by  standard  pcnnunganate  of  polaiuiuin  solution.  From 
the  amount  of  copper  thus  determined  one  finds  by  means  of  tables  tlie 
amount  of  glucose  or  other  sugar  present  in  the  quantity  of  original 
solutitm  osed. 

Proees*.  Place  in  a  150  c.c.  Erlenmeycr  flask  20  c.c.  of  the  neutral 
Bii^r  solution  (urine)  to  be  determined.  These  20  c.c.  moat  not  contain 
more  tlian  100  mgs.  of  glucoKe  nr  other  sugar:  in  other  words,  it  must 
not  be  more  than  0.5  per  ctiiit  It  is  preferable  to  have  between  10  and 
90  mgs.  Dilute  Uie  Nohition  if  more  concentrated  tlian  this,  but  always 
take  20  c.c.  Add  20  r.f;,  of  the  cnpric-sulphatc  solution  (1)  and  20 
CA  of  the  alkaline  liquid  (2)  and  heat  to  boiling.  Boil  gently,  so  ae 
not  to  concentrate  the  solution  too  preatly,  for  exactly  3  minutes.  With- 
draw the  flask  from  the  fire,  and  after  waiting  a  moment  for  the  cuprous 
oxide  to  aetUe,  filter  while  still  hot  under  suction  through  a  preriously 
prepared  Gnoeli  cnu-ible  with  an  iLtbestos  mat.  The  way  to  make  this 
iiller  la  described  in  the  following  modificatiou  of  this  method,  p.  996. 
Bring  as  little  as  possible  of  the  cupron.4  oxide  on  the  filter,  but  wash 
the  cuprous  oxide  by  docanlalion  wilh  di-stillod  water,  dccnnfing  through 
the  asbestos  filter  eai-h  time.  After  several  washings  by  dccantation 
and  suction,  when  the  asbestw  filter  is  free  from,  blue  color  and  any 
tartrate,  remove  and  rinse  carefully  the  filter  flask  so  that  it  is  quite 
eleao  and  llieu  replai-e  the  filler  over  it.  Now  dissolve  tlie  0U;0  in  the 
Erleuineyer  flask  by  adding  sueeessiv-e  portions  little  by  little,  about  5  e.«. 
at  a  time,  of  the  forrie-aulphate  solulion  (3).  About  10-20  e.c,  will  be 
QCCessar)-.  The  precipitate  changes  to  a  blue  black  and  dissolves  to  a 
green  solution.  When  this  is  dissolved  pour  this  solution  carcfidly,  using 
mild  suet  ion,  through  the  asbetitos  filttu-  so  as  to  dissolve  any  cuproui 
oxide  which  may  have  been  cauglit  in  the  filter.  It  may  be  necessary 
to  add  a  little  fresh  ferric-sulphate  solution  to  bring  this  all  in  solution. 
Rinse  the  Krlenmeyer  carefully  with  distilled  water  and  pour  the  wash- 
ings through  the  filter.  N'ow  titrate  the  filtrate  in  the  suction  flask  by 
adding  from  the  burette  the  potassium  permanganate  solution  (4)  nntH 
a  single  drop  gives  a  permanent  pink  color.  The  end  point  is  very 
sharp. 

Calculation.  Multiply  the  number  of  c.c.  of  permanganate  osed  by 
the  figure  expressing  the  value  of  each  c.c.  of  permanganate  in  copper, 
and  look  up  in  the  table  the  amount  of  reducing  sugar  corresponding 
to  this  amount  of  Cn.  For  the  determination  of  the  value  of  the  per- 
manganate in  copper  see  the  following  paragraph. 
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Solutions  needed: 

1.  Pure  CTyBtalline  CuSO     40  g. 

Distilled  water  to 11. 

2.  Pure  Rocbelle  »alts  200  g. 

IfaOH  in  Bticks 150  g. 

Water  to   1  ]. 

3.  Ferrio  sulphate    60  g. 

Con.  H  SO     200  c.c. 

Water  to  11, 

4.  Potaafiium  permanganate    5  g. 

Water  to  11. 

Determine  the  permanganate  as  follows ;  0.250  g.  ammonium  oxalate 
ia  warmed  with  100  c.c.  water  and  2  c.c.  con.  H^SO^  in  a  beaker  to  60-80". 
Bun  in  permanganate  from  a  burette  until  a  rose  color  remains  (about 
22  C.C.  will  be  needed).  Multiply  the  amount  of  ammonium  oxalate  by 
63.6X2 

(=0.8951).    This  gives  the  amount  of  Cu  which  the  amount  of 

142.1 
permanganate  used  in  the  titration  represents.    In  round  figures  1  liter 
of  permanganate  solution  equals  10  gr.  of  copper.    Reactions : 
1.    CUjO  -f  Fe^  <  SO  J  J  -f  H^SO^  =  20uS0^  +  H^O  +  ZPeSO^ 
2     Fe80^-|-2KMnO^  +  8HjSO^  =  6Fej{SO^)^  +  K^SO^  +  2MnS0^ -f- SH^O 
8.     BCjH^O^  +  2KMnO^  +  3H^S0^  =  lOCO^  +  2MnS0^  +  K^SO^  -j-  8H^0 

1  molecule  ^'i^^^) ^C^'^^  1"  equivalent  to  2Fe. 
Table  fob  tee  DETEBuuTATion  of  Rbddciko  Suoabs  bx  thb  Bebtband  Mktboo. 

(Note. — ^This  table  can  only  be  used  when  the  directions  of  Bertrand  as  to  the  con- 
centration of  the  Febling'B  solution  and  the  time  of  heating  have  been  exactly 
followed.  Different  values  are  obtained  if  the  heating  is  for  another  time  and 
if  the  relative  concentrations  of  sugar,  copper  sulphate  and  alkali  are  different 
from  those  specified.) 

Cv.  in  Mas.  fob  the  Followiko  Buqabs: 

Sagarin    Olnrom   Invert*nKar   GiilacU>BG      MattoKC       Lactose        Msnnose       Xfiote       AnbinoM 
mga,  Cu.  Cu.  Cu.  Cu.  Cu.  Cv.  Cu.  Cu. 

10  20.4  20.6  19.3  11.2  14.4     20.7     20.1     21.2 

11  22.4  22.6  21.2  12.3  16.8 

12  24.3  24.6  23.0  13.4  17.2 

13  26.3  26.5  24.D  14.5  18.6 

14  28.3  28.5  26.7  15.6  20.0 
16  30.2  30.5  28.6  16.7  21.4 

16  32.2  32.6  30.6  17.8  22.8 

17  34.2  34.5  32.3  18.0  24.2 

18  36.2  36.4  34.2  20.0  25.6 

19  38.1  38.4  36.0  21.1  27.0 

20  40.1  40.4  37.9  22.2  28.4     40.5     39.6     41.9 

21  42.0  42.3  39.7  23.3  29.8 

22  43.9  44.2  41.6  24.4  31.1 

23  46.8  46.1  43.4  25.5  32.6                ' 

24  47.7  48.0  45.2  26.6  33.9 

25  49.6  49.8  47.0  27.7  36.2 

26  61.5  51.7  48.9  28.9  36.6 

27  53.4  63.6  60.7  30.0  38.0 
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Cd.  nv  Moa.  roB  ths  FoLLOwino  Suoabs  : 
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CD.  is  Mo8.   fob  the  FOLLOWIKO  SnOARS: 

Sugar  fn    Olucnse   lavert  lagar   GalactoBe     MaltoM       Lactose        Hannoae       Xylose       ArililnoH 
mgs.  Ca.  Ou.  Ou.  Va.  Cu.  Cu.  Ou.  Cu. 

88  1S8.8  167.9  IS4.3  95.3  116.6 

89  160.4  159.6  166.0  96.9  117.9 

90  162.0  IGl.l  167.6  98.0  119.1          163.3         164.2          172.7 

91  1G3.6  162.6  169.2  99.0  120.3 

92  165.2  164.2  160.8  100.1  121.6 

93  166.7  166.7  162.4  lOl.l  122.8 

94  168.3  167.3  164.0  102.2  124.0 

95  169.0  168.8  165.6  103.2  12S.2 

96  171.5  170.3  167.2  104.2  126.5 

97  173.1  171.9  168.8  106.3  127.7 

98  174.6  173.4  170.4  106.3  128.9 

99  176.2  175.0  172,0  107.4  130.2 

100         177.8         176.5  173.6         108.4         131.4         179.4         180.5  189.8 

Table  fob  Glucobb  by  Bkbteand  fob  Sualleb  Auounts  of  Cn.    (Moeckel  vid 

Frank). 

Cn  Glucoea  Ca  GIucom 

Mo.                                                                    Mg.  Mg.  Mg. 

1.1  0.6  11.5 5.5 

2.2  1.0  12.6  6.0 

3.3  1.5  13.5  6.5 

4.4  2.0  14.6  7.0 

6.6  2.5  15.5  1i 

6.5  3.0  16.6  8.0 

7.6  3.5  17.6  8J 

8.6  4.0  18.5  9.0 

9.6  4.6  19.5  9.6 

10.5  6.0  20.5 10.0 

242.  Quantitative  determination  of  reducing  sugars  in  urine  and 
other  fluids  by  a  combination  of  the  Munson  and  Walker  and  Bertrand 
methods  (Bertrand,  Zoc.  cii.  Munson  and  Walker:  U.  S.  Department  of 
Agriculture,  Bulletin  107,  1912,  p.  240;  see  also  Circular  82).— In  tlic 
experience  of  this  laboratory  this  method  is  the  most  accurate  and  con- 
venient of  all  the  methods  of  sugar  analysis.  It  differs  from  the  Munson 
and  Walker  method  in  that  the  cuprous  oxide  is  not  weighed  but  titrated 
by  permanganate  as  in  the  Bertrand  method.  It  differs  from  the  Ber- 
trand method  in  that  the  composition  of  the  Fehling  solution  is  dif- 
ferent and  the  time  of  heating  is  more  precisely  defined. 

Principle.    This  is  the  same  as  the  Bertrand  method. 

Process.  Transfer  25  c.c.  each  of  the  copper  (1)  and  alkaline  tar- 
trate solutions  (2)  to  a  400  c.c.  Jena  beaker  and  add  50  c.c.  of  the 
neutral  sugar  solution,  or  if  a  smaller  amount  be  used  add  water  to 
make  the  final  volume  100  c.c.  Cover  the  beaker  with  a  watch  crystal 
and  heat  on  an  asbestos  gauze  over  a  Bunsen  burner  so  regulated  that 
boiling  begins  in  exactly  4  minutes,  and  continue  the  boiling  for  exactly 
2  minutes.  Filter  the  cuprous  oxide  at  once  through  an  asbestos  felt  in 
a  porcelain  Gooch  crucible,  using  suction.  (A  device  which  has  been 
found  useful  in  this  laboratory  to  control  the  time  of  heating  is  to  nse 
a  CaClg  solution,  boiling  at  112°  C.    This  is  brought  to  boiling  and 
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while  boiling  the  beaker  with  ^e  sugar  and  Fehlinf^'s  solution  is 
iDimprsoii  in  it  for  exaetly  6  minutes.  It  takes  4  mtaiitcs  to  come  to 
the  boil  and  boiling  lasts  2  minutes.  Anothar  device  baa  been  sug^tE«t«d 
by  Colo :  uamoly,  to  connect  a  water  manomctt-r  with  the  gas  supply  and, 
baviug  oiicL-  found  what  prcstrare  of  gas  with  a  given  burner  will  boil  llie 
B  beaker  in  4  minutes,  this  gas  pressure  is  obtained  each  time  by  regulat- 
ing a  thumbscrew.)  Wash  the  cuprous  oxide  and  the  filter  thoroughly 
with  wat«r  at  a  temperature  of  about  60*,  using  auction.  (At  this  point 
I  in  the  MuBSOD  and  Walker  method  the  precipitate  is  washed  with  akohol 
and  ether,  dried  at  100'  and  weighed  as  Cn,0.)  In  tlie  Berlrand  niodifi- 
'  cation  proeeed  as  foJIow.i:  Transfer  the  s-sbefitos  and  prHpipitnte  as 
[soon  as  clean  to  tlie  bealcer  in  which  the  precipitation  was  conducted, 
End  in  water  and  then  add  10  c.c.  of  the  Bertrand  ferric-sulphate- 
;thuric-acrd  solution,  or  10  c.c.  of  M/4  ferric-ammonium-sulphate- 
fiulphuric-acid  solution  (4).  Stir  until  all  of  the  CnjO  is  dissolved, 
taking  care  to  dissolve  all  the  Cu.O  on  the  stirring  rod  or  adherent  to 

•  the  inside  of  the  crucible  or  the  sides  and  lip  of  the  beaker.  A  green 
Solution  is  obtained.  Titrate  at  once  with  continual  stirring  until  the 
pink  due  to  the  permanganate  persists  for  about  10-15  seconds.     1  c,c. 

»N/20  KRlnO^  is  equivalent  to  0.00315  gram  of  Cu.  Calculate  the  amount 
of  Cu  reduced  and  from  this  weight  find  the  amount  of  reducing  sugar 
to  which  it  is  equivalent  in  the  appended  fables  (Bulletin  107,  Dept.  of 
Agriculture,  pp.  243-251.  For  lactose  see  the  correction  in  Jour.  Am. 
■  CAem.  Soc,  XXXrV,  p.  202,  or  Circular  82).  In  the  tables  appended 
here  the  lactose  correction  has  not  been  made. 

Solutions  and  preparation  of  the  asbesto)  filter.    1.  Copper-sulphate 
I  solution  (Soxhlet's  modification  oE  Fehling's) : 

CiiSO^.$H^O  (KflhlbaumorBnlcer'abtfittiuAlify)  ,.     34.63B granui 
Wikt«r  to 500  cc. 

2.  Alkaline  tartrate  solution: 

Rocbelle  nuIUi ITSgnnai. 

NftOH  (b««t  quftlity)    SO       " 

Wntcr  to  800  cc 

3.  Potassium  permanganate  solution:  Instead  of  the  solution  rec- 
ommended by  Bertrand,  a  N/20  solution  is  generally  used  iu  this  labo* 

.  Tatory,  as  it  is  weaker : 

KMnO     9.10  gr&ms. 

Wntcr  2  llt«n 

Dissolve  the  EMnO,  in  2,000  c.c.  distilled  water,  allow  to  stand  in  tbo 
dark  for  2-3  days,  then  filter  tbrmigb  asbestos  or  glass  wool  or  decant 
the  supernatant  clear  fluid  into  a  clean,  dry  bottle.    Keep  in  a  bottle 
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covered  with  black  paint  or  black  paper  to  protect  from  light.  Standard- 
ize against  sodium  oxalate.  Dry  overnight  abont  0.66  gram  of  sodium 
oxalate  (pure)  in  a  weighing  tube  in  a  steam  oven  and  carefully  weigh 
off  three  samples  of  0.10-0.15  gram  each  of  this  dried  sodium  oxalate. 
DiMolve  each  sample  in  100  c.e.  of  water,  add  5  c.c.  of  HiSO*  (1:1  by 
volume),  warm  to  70°  C.  and  titrate  the  KMnO,  against  this.  1  c.c 
Ny20  KMnO«  is  equivalent  to  0.0035  gram  sodium  oxalate,  or  0.00315 
gram  copper. 

4.  Ferric-ammonium  alum  and  sulphuric  acid:  In  place  of  the 
ferric  sulphate  recommended  by  Bertrand  the  ferric-ammonium  alum 
may  be  used.    The  solution  used  is  M/4. 

(NH^Pe{SO^)^)  j.24H^O 240.5  gram*. 

Sulphuric  acid  (Con.)   200g.c 

Water  to 1  liter. 

5.  Asbestos  filter:  Digest  the  amphibole  variety  of  asbestos,  cut  in 
pieces  about  1  inch  long,  for  3  days  with  1 : 3  HCl.  Wash  free  from 
acid  and  digest  for  a  similar  period  with  soda  solution,  after  which 
treat  for  a  few  hours  with  hot  alkaline  copper  tartrate  solution  of  the 
strength  employed  in  sugar  determinations.  Wash  the  asbestos  free 
from  alkali,  digest  with  nitric  acid  for  several  hours  and  after  washing 
free  from  acid  break  into  shreds  by  shaking  for  some  time  in  water. 
Folin  suggests  suspending  it  in  water  and  forcing  a  brisk  air  current 
through  it.  Load  the  Gooch  crucible  with  a  layer  of  the  washed  asbestos 
about  Vi.  inch  thick,  wash  it  repeatedly  with  water  to  remove  fine  asbestos 
and  then  with  alcohol.  Dry  at  100°  if  the  gravimetric  Munson  and 
Walker  method  is  to  be  used.  With  the  Bertrand  method  it  is  not  neces- 
sary to  weigh  or  dry.  The  filters  improve  with  use.  In  the  gravimetric 
method  the  cuprous  oxide  may  be  washed  out  with  nitric  acid  after 
each  determination  and  the  felts  used  over  and  over.  In  the  Bertrand 
method  the  asbestos  is  filtered  oEf  after  each  titration,  washed  thor- 
oughly and  used  for  the  next  filtration. 
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343.  Acetone.  Quantitative  determination.  Folin  metliod  {Jour. 
Biol.  Chem,  HI,  1907,  177) .—Principle.  The  aelone  ia  oarriuil  ovttr  by  a 
Blrong  air  uurrent  from  the  tinne  and  is  abnorbfid  and  rhatigcd  to 
iodoform  by  an  allcaline  hypolotJito  solution  of  known  HtronplJi.  The 
Emonnt  of  iodine  remaining  in  then  titrated  with  a  standard  Ihiiwiilpliale 
solution  with  gtarch  as  an  indicator.  The  method  is  accurate,  rapid  and 
simple,  and  requires  only  20-25  c.c.  urine. 
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Process.  Into  an  aerometer  cylinder  like  that  described  in  experi- 
ment 209  measure  accurately  20-25  c.c.  of  urine  with  a  pipette, 
add  0.2-0.3  gram  of  oxalic  acid  or  a  few  drops  of  10  per  cent,  phosphoric 
acid,  8-10  grains  of  solid  NaCl  and  a  little  petroleum.  The  salt  renders 
the  acetone  less  soluble.  Connect  with  the  absorbing  bottle  which  is 
like  that  described  for  the  ammonia  apparatus,  experiment  209.  In  the 
absorbing  bottle  place  about  150  c.c.  water,  10  c.c.  40  per  cent.  KOH  solu- 
tion and  an  excess  of  standardized  solution  of  N/10  I,  the  amount  being 
carefully  measured  from  a  burette  or  pipette.  An  excess  of  10-15  e.c. 
of  the  standardized  iodine  solution  should  be  added.  Hawk  recommends 
that  to  get  an  idea  of  the  amount  of  iodine  solution  necessary  to  add, 
take  in  a  test-tube  10  c.c.  of  urine  and  add  1  c.c.  of  ferric-chloride  solu- 
tion (100  grams  ferric  chloride  in  100  c.c.  water).  Compare  the  color 
with  10  e.c.  of  the  original  ferric-chloride  solution  in  a  similar  test-tube. 
If  the  colors  about  match,  then  take  20  c.c.  of  the  iodine  solution.  If 
the  urine  is  darker  so  that  it  has  to  be  diluted  once  with  water,  then 
take  35  c.c. ;  if  still  darker  take  more.  It  is  important  to  connect  the 
apparatus  and  begin  the  air  current  at  once  after  adding  the  strong 
alkali  to  the  iodine,  since  the  hypoiodite  goes  over  very  rapidly  into 
iodate.  Rtin  the  air  through  briskly,  but  not  so  fast  as  for  ammonia,  for 
20-25  minutes.  Then  disconnect,  acidify  the  contents  of  the  hypoiodite 
tube  by  the  addition  of  10  c.c.  concentrated  HCl  for  each  10  c.c.  of  strong 
alkali  added  at  the  start,  and  titrate  the  excess  of  iodine  by  means  of 
the  thiosulpliate  solution  with  starch  as  indicator.  The  sodium  thiosul- 
phate  solution  nnist  have  been  titrated  against  the  iodine  before- 
hand. It  must  be  kept  in  the  dark.  For  standardization  of  the  thiosul- 
pliate see  experiment  44(b). 

244.  Determination  of  acetone  and  diacetic  acid  (Folin-Hart).— 
rrhiciplc.  The  acetone  is  first  determined  as  in  experiment  243,  then 
the  urine  is  acidified  and  heated  while  air  carries  over  the  acetone  which 
is  set  free  from  the  diacetic  acid  in  these  circumstances.  The  two  deter- 
miualinns  may  be  made  as  one,  the  total  acetone  being  received  in  a 
single  solution  of  hypoiodite,  or  the  preformed  acetone  may  be  sepa- 
rately determined  first. 

Method.  The  arrangement  of  the  apparatus  is  as  in  experiment  243, 
except  that  in  place  of  the  cylinder  for  holding  the  urine,  the  latter  is 
placed  in  a  large  Jena  test-tube  which  is  supported  in  such  a  way  that 
it  can  be  heated.  The  air  inlet  tube  dips  to  the  bottom  of  the  Jena  glass 
test-tube.  The  air  is  passed  through  a  hypoiodite  solution  first  to  remove 
any  substance  which  may  reduce  iodine.  Place  in  the  lai^  test-tube, 
which  carries  the  stopper  and  tubes  for  aerating  the  urine,  20  c.c  of 
urine,  and  the  phosphoric  acid,  oxalic  acid,  salt  and  petroleum  as  de- 
scribed in  243  and  without  heating  the  tube  air  is  passed  through  for 
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25  miDutes.  The  air  with  tho  lU'otom-  passi-s  inu>  a  mo;isui\\t  Amount 
of  fivsh  hypoiiKiiie  as  tltf»'rilH\{.  Thou  disivuiuvt  ttto  bvpouxtuo.  pla»v 
a  fresh  eylJDdor  of  a  known  aiiioun!  of  liypoKniilo  solution  lo  r\sviw 
the  acotone  ami  hi'at  the  tnbo  jiisi  to  boilinj:  for  "Jo  miiuitos  whilo  tlio 
air  is  going  through.  By  iliis  hoatinsr  iho  j»ivl*>tuvli»*  a»*i\l  ia  litstmi 
posed,  aeetoue  is  lihoratotl  ami  absorhod  by  tlu-  s^hmuI  liyinmHiilo  luUv 
The  first  hypoioilito  Uibe  bt'inp  litralod  in  iho  nmnui'r  in»lioat»si  in  -l.'l 
gives  the  preformeii  aoetono;  tho  Sivoiul  liypoi»Hlilo  tnlw  ciY»'«  tho 
acetone  from  the  diat'Ctii'  acid.  Tho  sum  of  tlio  two  iiivi-s  Iho  total 
acetone  in  20  c.c.  urine, 

345.  Quantitative  determination  of  acetone  and  acet^Micetit'  acM 
and  hydroxybutyric  acid  in  the  same  sample  of  urine.  Methwl  o! 
Shaffer  and  Marriott  {Jour.  liioL  Chrni.,  X\'l.  p.  liTti.  litl-H.  /'r(Mrt>/i', 
The  urine  is  distilled  with  ai-iil  uftiT  privipiliilitm  of  siijjnr  and  oUior 
substances  by  basic  lead  acclalc  and  inuiiioiiin.  TImk  Hi'itantlcH  tho 
acetone,  both  that  preformed  and  Ihal  arising  fnnti  tht>  iiwloai-i'lie  acid. 
The  aectonc  is  titrated  with  standard  iodine  and  tliioNidpliati'.  Tlio 
urine  filtrate,  from  \vlii<'h  the  acelont'  lias  been  dislilled,  \n  <t\idi/.i'd  by 
the  cautious  addition  of  hiehrnniate  to  the  boiling  urine  conlaining  the 
oxybutyric  acid.  This  o.xidizes  the  oxybulyric  acid  to  iieelonr,  tho 
acetone  is  distilled  off  and  titniti^d  in  the  same  way  m  Ilio  preronnod 
acetone.    The  yield  is  about  flflD.")  per  cent,  of  tho  Dieori'ticHt, 

Process.  From  25-100  e.e.  of  urine  (iiKiially  TiO  e.e.)  are  nieaHuri'il 
with  a  pipette  into  a  500  e.e.  vohnnelrif  (lasU  contniuing  t!IIO  IltiO  i-.c. 
of  water.  Add  basic  lead  act-lalc  soliilion  (I7.H.I*.)  in  nruounlH  ei|iuil  lo 
the  urine  taken  and  mix  tlic  li(|ui(i  well.  If  tlie  urine  fontiiiiiH  bill  little 
angar,  only  half  tlie  amount,  or  lesH,  of  lln-  b-iid  aceluli-  nIioiiM  b''  uwd, 
Next  pour  into  the  flask  strong  auiiiionia  wat^r  i'<pud  lo  iibout  Imir 
the  volume  of  lead  a  relate  sohilion  liil«-n.  diliiti-  to  tlii^  iriiirk  with  water, 
shake  and  after  a  (cv;  inoirntils'  sliuuliritr  lilti-r  ihniugli  a  frddcd  lllh-r. 
Mea.sure  200  e.e.  of  tlie  fillnite  iido  a  roimd  Imltom  flunk  (HIH)  1:1:  or 
liter  Kjeldahl).  dilute  willj  water  to  ahriut  00(J  cc,  tirhl  I,")  e.e,  «oneen 
trated  suljdmrie  at-id  and  laN-  or  boilirjg  Htoiie  and  diHlill  llm  mixture 
until  about  200  e.e  of  the  disiillat'-  Um  Iteen  eolJected.  M>i«lill(il'*  A. 
This  oontains  tlie  preformed  ;jee^oii'r  and  thai  dertve*|  from  Uh;  lu-t-io 
acetic  acid.  Th';  distillin?  flask  uoisl  li'-  filtwl  with  a  flrop(»in((  tulw 
and  wa'cr  run  in  from  tin;''-  *'>  time  to  pn-vent  the  volnitie  in  fh'-  fl(i«k 
from  b^eominir  !e=«  t},aii  i'l'i  '/''»  e.e.  'l'\,i-_  inlxr  at  (h*;  '-rcJ  of  Un-  tvm 
denser  sl.o--j-d  dip  br;;ow  i\:'-<--,r: ■■:■<■  v.;i'i-r  in  th^  r<;e<;ivjng  fla«lt.  a  mi'tiiui 
Kjeldahl.  to  \,r'-v'-n^  'o--^  of  a'';'or;''. 

iJi'-'iila*';  A  is  r'r-3;^':!>d  f'lr  h}<'j-.'  20  rfiinti*'^  after  th';  a'Iditi'yn  of 
10  c.c.  of  ]■'.'  p^r  '■'■ii'.  -fA.".::.  '..ylr'/-':'',':  If  *  h;j.'h  •\i-vrf<:  of  tv-Anrh'-v 
ix  not  re^i-jir*';.    ':;.--^:)ja*^  A    rr.hy  V-  ^itrat^^i  dir':':t]y  with  iitan'lar'i 
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iodine  solotion,  N/10,  and  thiosnlpLate.  The  results  are  a  little  lii^er 
than  after  redistill ati on  from  an  alkaline  solution.  The  distillate  from 
A,  which  may  be  called  A3,  is  titrated  with  iodine  and  atandard 
thiosulphate. 

After  A  has  been  diatillcd  otT,  a  new  receiving:  dnsk  is  adjusted,  the 
end  of  the  tube  dipping  below  the  water  in  the  receiving  flask  and 
biohromate  solution  as  indicated  below  is  slowly  added  to  the  dtatiUing 
flask  while  ihe  distitlation  is  continued  to  give  6. 

The  residue  of  the  urine  plus  sulphuric  aeid  from  which  distillate 
A  was  obtained  is  again  dislillwi.  adding  water  or  bichromate  solution 
when  necessary  to  feeej)  the  volume  b*lwi>ft«  400  and  GOO  c.c.  Prom  0.5-1 
gram  of  bicbromale  will  usually  be  sufficient  and  not  more  than  I  Kram 
should  be  added,  unless  tbc  liquid  turns  green,  indicating  a  great  redoe- 
tion  to  chromium  sidphato;  vor>'  rsroly  2  or  3  grams  of  bichromate  may 
be  necessary,  ospceially  if  tbe  sugar  bas  not  boon  completely  removed. 
To  mafee  the  distillation  proceed  as  follows: 

A  10  per  cent,  solution  of  potassium  bictiromate  is  kept  tm  band  and 
10  c.e.  of  this,  diluted  to  100  c.c.,  are  measured  out  for  each  dclermina- 
tion.  20  c.c.  of  the  dilute  solution  (0.2  {^nun  K.Cr^O,)  are  first  added 
slowly  throuf;h  the  dropping  tube  and  tlien  10  c.c.  portions  every  15  or 
20  minutcfi  until  tbc  whole  has  been  added.  Should  tbe  liquid  becotni 
markedly  green  the  bichromate  must  be  added  at  correspondingly  shorter 
intervals  and  in  amount  sufficient  to  roaintaiu  a  slight  rcd-yellow  color 
of  the  chromic  acid,  which  may  be  detected  even  in  tbe  presence  of  tbe 
green.  The  distillation  is  continued  with  moderate  boiling  for  from  2-3 
hours.  The  distillato  B,  which  should  be  colbKrtcd  in  a  liter  flask  to 
avoid  tnin.sfcrencc,  is  s^ain  distilled  for  about  20  minutes  after  odditis 
10  C.C.  of  10  per  cent,  sodium  hydroxide  and  25  c.c.  of  3  per  ccnL  n.0« 
The  flask  must  be  heated  cautiously  until  the  peroxide  has  been  docoio- 
poeed.  This  diBtillate,  B,,  ia  titrated  with  the  standard  iodine  aad 
tbtoBuIpbate. 

Computation.  1  c.c.  of  N/10  iodi]ie=:0.968  mg.  aoetone=1.736  mg. 
oxybutyric  acid,  or 

1  C.C.  of  1.035/10  iodine  (=13.13  mg.  I,)=l  mg.  acctone=L7W 
mg.  oxybn^Tic  acid. 

Note. — This  method  gives  results  usually  a  little  lower  than  tbo 
extraction  and  polarization  method  of  Black,  but  is  more  accurate  for 
small  amounts  of  oxybutyric  acid  and  somewhat  more  eonvenient. 

In  making  this  titratjot)  an  cxeess  of  N/IO  iodine  solution  is  added 
and  then  the  solution  made  alkaline  by  the  addition  of  10  c.e.  60  per 
cent.  NaOH,  the  flask  stoppered,  shaken  and  allowed  to  stand  5-tO 
minutes,  then  acidified  by  tbe  addition  of  15  cc.  concentrated  HCl  sad 
the  liberated  iodine  titrated  with  standard  ihlosulphate  in  tbe  usual  vaf. 
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For  the  dntermination  of  acetone  in  blood,  or  when  small  qnantities 
arc  present,  see  Marriott.  Jour.  Biol.  Ckcm.,  16,  p.  284  and  p.  2S9.  Ifll3. 
For  dct«rmination  of  oxybulyric  acid  in  blood  and  titsues,  see  Marriott, 
(bid.  pa^  293. 

346.  Quantitative  determination  of  saccharose  in  urine  (JoUcs, 
Bicckem.  Ztichr.  43,  p.  56,  1912). 

Betermine  polarinietrionlly  aftertroating  the  urino  with  0.1  per  ottnt. 
hfaOH  24  hours  iu  the  thoniioslut  at  37'.  All  oUier  mono-  and  dtsae- 
charidea  becomo  iuactive  under  these  circumstanees.  Sac-charoHo  is  not 
affected. 

347.  Quantitative  determination  of  the  hydrogen  ion  cencentratJon 
o£  urine.  Sorenscn  indicator  method.  (Hcndfirson  and  Palmer,  Joitr. 
Biot.  Chem.,  13,  398,  1913).— i•m^c»p?^:.  Motchins  the  color  of  the 
urine,  diluted  iC  necessar}'  and  containing  a  known  amount  of  somo 
indicator,  with  the  color  developed  by  a  similar  concentration  of  tho 
indicator  in  a  R«ricR  of  soIutionH  containing  known  coocentrstioiu  of 
hydrogen  ions. 
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Proeets.  Tn  a  wriea  of  exactly  similar  250  c,c.  flaskn  place  10  <;.c. 
of  each  of  the  standard  Holtitionii  indicated  abore,  make  up  the  sointiona 
to  250  c.r.  with  distilled  water  and  add  enough  of  an  aqneous  hoIuIioq  of 
alizarine  snlpbonale  of  sodium  ho  that  the  ooncentration  of  the  latter  it 
about  0.0003  per  cent,  and  is  exactly  equal  in  all  cases.  10  c.c.  of  urine 
are  now  introduced  into  another  250  c.c.  flask  and  the  same  amount  of 
distilled  water  and  indicator  addc<l.  Tho  color  of  the  diluted  urine  with 
its  indicator  is  now  matched  with  one  of  the  staudard  series.    If  the  re> 

Iaetion  as  thus  measured  is  more  acid  than  Ph=5-3  (H  icni=Nx50XlO~') 
further  teats  are  made  with  methyl  red ;  for  the  range  5.3— S.7  with 
p-nitrophcnol  and  with  neutral  red ;  for  more  alkaline  urines  phcnol- 
phthalcin  is  used, 
(a)     H  ion  eoneentrations  greater  than  50X10"'.    "  10  c.c.  por 
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tions  of  standard  solutions  are  introduced  into  carefully  selected  color- 
less test-tubes  (15.5X1-7  cm.)  and  10  e.c.  urine  into  another  tube.  To 
match  the  color  of  the  urine  add  to  the  standard  solutions  enough  of 
p-nitroplienol,  methyl  orange  or  bismarck  brown.  In  case  the  pigment 
is  itself  an  indicator  within  this  range  of  acidity  the  necessary  amount 
will  vary  with  the  reaction  of  the  standard  solution.  Now  add  to  the 
standard  solutions  and  to  the  urine  0.15  c.c.  of  a  saturated  solution  in 
50  per  cent,  alcohol  of  methyl  red  and  match  the  color  with  the 
standards. 

(b)  H  ion  between  50X10'  and  2X10'^  Carry  out  the  estimation 
in  flasks  as  with  the  alizarine  sulphonate,  but  use  in  place  of  the  latter 
p-nitrophenol  0.08  per  cent. 

(e)  H  ion  between  2X10"^  and  0.3X10"^-  The  estimation  is  made 
as  with  alizarine  sulphonate,  but  employ  neutral  red,  0.0006  per  cent. 

(d)  H  ion  less  than  0.3X10^-  Match  undiluted  urine  in  test-tubes 
against  undiluted  standard  solutions,  using  phenolphthalcin  as  indicator, 
without  previous  coloration  of  the  standard  solutions. 

Make  all  estimations  in  duplicate. 

Note. — Albuminous  urine  presents  certain  difficulties  with  ali7.arin 
sulphonate.  Methyl  red  and  p-nitrophenol  are  little  affected  by  the 
presence  of  albumin.  Alizarine  sulphonate  changes  too  gradually  be- 
tween 0.3  and  2X10''.  Neutral  red  is  used  for  this  interval.  Methyl 
red  is  superior  to  p-nitrophenol  for  the  greater  acidities. 

248.  Quantitative  determination  of  adrenaline  (Folin,  Cannon  and 
Denis,  Jmir.  Biol.  Ckem.  13,  1913,  p.  479).— Pmictple.  The  metho-l 
depends  on  the  development  of  a  blue  color  with  phosphotungstic  acid 
in  alkaline  solution.  The  adrenaline  is  estimated  colorimetrically  by 
comparison  with  the  color  of  a  standard  uric-acid  solution  similarly 
treated  with  phosphotungstic  acid.  The  reaction  is  not  specific.  Other 
substances  give  the  blue  color  also. 

Process.  Determination  of  the  amount  in  the  snpra-renals.  Thor- 
oughly rub  the  weighed  gland  in  a  mortar  with  sand  and  N/10  HCI, 
using  about  15  c.c.  of  the  acid  for  each  2  grams  of  gland,  and  about 
45  e.c.  of  water.  Transfer  to  a  beaker  and  heat  to  boiling,  to  dissolve 
the  adrenaline.  Add  to  the  boiling  mixture  5  c.c,  of  10  per  cent,  sodium- 
acetate  solution  for  each  15  c.c.  of  HCI  taken  and  again  heat  to  boiling. 
Transfer  the  whole  mixture,  except  the  sand,  to  a  volumetric  fiask  of  a 
capacity  of  100  c.c.  for  each  2  grams  of  gland  taken  and  dilute  to  the 
mark  witli  waler.  Filter  or  centrifuge  as  much  of  the  solution  as  is 
needed. 

Colorimetric  determination.  Pipette  5  c.c.  of  the  clear  extract  just 
made  into  a  100  c.c.  volumetric  flask,  and  into  another  similar  flask 
pipette  1  e.c.  of  a  fresh  uric-acid  solution  containing  1  mg.  of  uric  acid. 
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Add  to  each  flask  2  e.c.  of  the  urie-acid  phosphotungatic  reagent  (experi- 
ment 164)  and  20  c.c.  of  saturated  NajCOg  solution.  After  standing 
2  or  3  minutes  dilute  each  to  the  100  e.c.  mark  with  water,  shake  and 
at  once  transfer  to  the  Duboscq  colorimeter  and  compare  after  setting 
the  standard  at  20  m.m.    Calculate  the  adrenaline  as  ii  it  were  uric 


Fia.  76. — Pipette  arranged  to  remote  the  uppor  iBper  in  Melns'  moiliod  of  fat 
extraction.  Tbe  ead  of  the  tube.  A,  Is  placml  at  the  aartsce  of  the  division  between  the 
two  laj'ers  of  Ihp  mixture  of  milk  Irciili'il  wltli  the  water,  alcohol,  and  clhor  miiture 
and  Cho  upper  layer  Is  then  forced  out  Ihrouuh  It  hy  forcing  air  Into  the  B[>ace  ahove  the 
mixture   thronsb  tube  B. 

acid  and  then  divide  the  result  by  3,  since  the  adrenaline  makes  a  color 
3  times  as  intense  as  an  equal  weight  of  urio  acid. 

If  the  reading  of  the  tinknown  tube  in  the  colorimeter  were  25  then 
the  Digs,  of  adrenaline  in  the  weight  of  gland  taken  would  be  20/25  X 
1/3  mg8.x20  (since  5  c.c.  of  the  extract  had  been  diluted  to  100). 

349.  Determination  of  fat  in  milk  by  Meigs'  method. — The  ad- 
vantage of  this  method  over  the  Soxhlet  is  its  greater  ease.  It  gives 
results  usually  about  1  per  cent,  lower  than  the  latter. 

Process.  Tlie  glass  stopper  cylinder  shown  in  Figure  78  is  prepared. 
This  cylinder  is  a  100  c.c.  cylinder.  The  arrangement  of  the  tube  bent 
up  at  the  end  is  sufficiently  obvious.  It  makes  possible  a  very  clean 
separation  of  the  ether  fat  layer.  To  10  c.c.  of  milk  measured  from  a 
pipette  into  the  100  c.c.  glass  stoppered  cylinder  add  20  c.c.  of  distilled 
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water  and  20  c.c.  ethyl  ether  and  shake  for  5  minutes.  Add  then  20  c.c. 
95  per  cent,  alcohol  and  shake  again  for  5  minutes.  Allow  to  stand  until 
contents  separate  into  two  distinct  layers.  Remove  the  upper  layer  by 
the  pipette,  as  shown  in  Figure  81,  into  a  weighed  evaporating  dish. 
Add  5  C.C.  ether  to  the  cylinder  so  as  to  wash  down  the  sides  of  the 
cylinder;  remove  by  the  pipette  to  the  evaporating  dish;  repeat  this 
process  of  washing  5  times,  using  5  c.c.  each  time  and  removing  each 
time  to  the  evaporating  dish.  Evaporate  the  washings  and  apper  layer 
to  dryness  on  the  water  bath,  or  cool  over  sulphuric  acid  in  a  desiccator 
and  dry  at  room  temperature  to  constant  weight.  The  weight  of  the 
residue  may  be  taken  as  very  nearly  that  of  the  total  lipin.  It  contains 
a  slight  amount  of  lactose,  and  the  extraction  of  lipin  material  is  not 
quite  so  complete  as  the  Soxhlet  method. 
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034 
AdrvnoUnp,    action    on    varl- 
oiii    tltnucn.   G'O 
ntndunl  in  L-Unili,  OnT 
fiirmiiln.  Bit" 
tunctionii  or.   MS 
liyp»rBlr<?»iiila    liy.    BBS 
IlviT  nrcroala  t.».  MB 
l>roi)vrlli'a     and     prepare- 

lion,   fl07 
nnnniltallvc        f<Rtlfnatlon. 

ftST 
uuaniltailve        Mitmntlon 
( Potto,        Caunon       and 
l)t>nla).  1010 
rdatluo    lo   auKar   nioUbo- 

llsm.  774 
relation      to     annpntltotlR. 

OftO 
•ccrotlon      durlnx      mit^r, 
071 
Ad-ornllnn.  SSO.  311342 
AtTOliIc  reaplratlon.  2C7 
AriotonoiDAt^r,  47P 
jCittiFHla.   077 
A-nhrlnocM     of      fToelrldce, 

407 
Agt.    InHiienre    na    vrcntlnt 

tirrftUoD,  707 
ABiBttilne.  441 
AlanrM««clDr,   fotmola,   ini 
Alhiimlaa,  definition.  113 
In   uilua,  detection,  S38 
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AlbiimioB.  In  wrlnr.  auaatlta- 
llva  (Ipinrminailon.   fl39 
AlanlDe,   (ormula,    119 
aniciuol    111     varloua    uro- 
t«ln(.    Vis,    ISD 
Aiaulnc  liydmcblorm*.  )3G 
Alburnlnolda.  113.  ii:ie 
Alaiiyl-alnnlnr.    ISO 

hrdrcifhloddo     133 
Albuoioaa.  AtJili-rliuldcn  nvtli- 
frd  o(  proparailoD.  f>4V 
nf   irber.   STU 
AlbumoBoa,  rortnatlon  In  pop- 
tic  lUsoaUoD,  240,  SBI 
fonnatloa  In  trypUc  dUva- 

tloD,  400 
oci^urroumi   Id  iirtup.  040 
pbyilolok-lcal  nclloB,  4fr8 
prrparallfln.  MUi 
propiirltm,    MIS 
reJaiinn   lu  blood   eoauiUa' 
lloii.  517 
'  AliiuiiiuiH-Bif  of  Kinniadi,  nm 
Alcnploii  ;  mcK  UimiOjtralittlc 

add 
AlcnploDiirl*,   T48 
Ak-(iljul.    buriiuil   liy    muaek, 
700 
not  a   food;.  301 
Aleobola  fran  wasca.  Ho 
Alcoliollc  fermrotaLluu.  801 
Alcoboylala.  09 
dldoa«,  ddlnltlon,  10 

actiarallon  from  katoM.  44 
trail* formation    to   kecoaa, 
31 
AlviJa  SI.  Martin.  S30 
Alliarln  ai  Indlmtor,  S'l 
Alkali  albiimlD,  113 
Alkalinity  of  blood.  33T 
Alkalinity      of      proioplaam, 

247 
Alkallna    llile   In    the   bo<ly, 

876 
Allaaloln».   chMolatrr.  73S 
dclormlnn  Unn.       ijuantlia- 

art.  070 
trom   uric   add,   730.   T31, 

788 
In  planu.  737 
In  urlnp.  717.  186 
In        rodoOB       uatiiniala' 

urlnna.    73  3 
ayulli-^Kln     (rvui     slyoiylte 
odd,   TM 
Allaolurtc  adJ,   formnla,  734 
Allojnn.    rormulii,    from    uric 

odd,   731 
.Vllniiiiiiln.  formula.  731 
Allyl  mll^lnrl■  oil.  tiX 

Allyl    kulplilde    In    niiiitard 

oil.  810 
Allorurlo   ttoaoa ;    te<c   Purina 

baaaa 
Ailonrproielc  add  In  udne, 

Almrn'a  t«al  for  glucoae,  Ml 
Aicioud   oil.    todlne   noniber. 

70 
.iRiHOdln.    rompoatUon,    1 10, 

139 
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Amandin,  luol    wdsht,    ISO 
Amlda     nluaniD.     doBBtUOD. 

unosBi  In  various  prolcliui. 

141 
Amtdo:  Mw  Amlna 
Amln^B     ptoaar»a     bj     car- 

t)oirIii«e,   14  ft 
Amine  ii'«iic  add,   IIQ 
AiuliioacitU,    alieurpUaii    at. 

403 
atneiuit  of.  In  Torltnia  vio- 

umlnw.  1^ 
vaooiit  excreted   per  duj. 

COT 
uveunt    I*    rariana    pro- 

talna,    I2tl 
carteiQliio  [tftcil'in  of.  121 
mnilfDMtloa     vrUb     tWa- 

bydaa,  131 
ditfloitlon.   1J« 
diwodatltM),  lit) 
tatmain  of.  urnubk'.  lis. 

118 
dcamldfutlon     br    raida- 

tloo.  122 
farsucioD    from    atumonia 

and  clnc<)4n,  180 
tixTDMElOD      rruoi      keiunlc 

add*.  «I9 
fi>naaU«)  of  lactnni*  froai. 

1X4 
la  nwuimlUm.  apeclOc  ac- 

Uea.  SI  8 
la  unoe.  Ti3 
necMluii7    tot  Kruwih.   I^IK 
ultruiKD    In    uHnr,   qualtiV 

intlvit.  ins 
auoiticT     tt.     In     prolelu 

innteculv.    143 
•III 411  lion  ot,    183 
Iif«-«iilMt«iw      lu      proUrln 

molMulc,  lis 
linKlpllfllion    lif    Berrarlc 

attain.  ]1!0 
prupvrtlM.   IIS-ISO 
i>[til<>Hi   [iicpArttca,   );;.'• 
rMriuliiaUDP  br  aihdli,  123. 

128 
rdjnihml*    lit     iniMilnni 

nu<«M,  4M 
MlublUty,  118 
taatv  of.    134 
udIom    irltb    hcMk.    biUM 

and  aalla.  IIU 
Aaitao-beiuolc  acid.  791* 
ABlBn-rniiKli;  apltl.  117 
AiuIdv 'il'f  1  lilo'tiol,  104,  &7S 
Anlho-Klalarlc    aclil.    1 17 
Aailno  group*,    free.    In    pro 

(dn  nolMuiv.  13T 
Amlito  sronpii,  d«1artuln*lluD 

br    Van    8l)>K«    metboil. 

1ST,  »74 
Amlno-cunnlillnf      Talrrlanli' 

■eld.  iia 
Ainlnn-Itidnlc  iiropioRlc  aclA, 

im 

AiiitDO-llptDa.  Its 
Ainlnn>1ltiotidM:    Mt  ABhM- 

Uplat 
Amtoo-Eaalonlc  ririA.  1S4 
Atnlno-aialoDli:  tltiilc.   ISI 
AicIao,m;i>nii     and     F«<t«ii- 

k<>(i!r'i-   i<.'a'*Iloii,    'I'i 
/na\tu>-iDti!tlD     tTom     CinilB. 

Aulno-nijr-Kn  mdniiim  riilo- 

rfdf.  STS 
AnlEio-Dltnicea    la    trruttlns. 

IST.  144 
AmliirkDltrucEn,      drtermlna- 
■       tion       t^       Van       EUjkn 

DCIIuii),  814 


Aatlna-aacclBle  add,   IIT 
Amlua  uroplODic  acid,  116 
AtulDij'vaiertaiilc  atld,  tl< 
AiiiDanta.    amouat.    e»v«tcil 
Ii*t  day,  687 
aaiuuiil  In  TlUloua  tUauM, 

CSS  .      . 

aoiount  In  vaitotu  bkodi, 

vsm 

t>7  anloliil*  ot  cells.  S-tH 
»«mlori    10    nrlui;.    U^S 

In  btMHl.  SIS 

la  latcatlnal   mucuaa,  4&4 

In   wesvateDc    valu   blooO 

4M 
In  tunvvMa.  3TS 
la  Mirtal  and  lispatle  veil. 

biooa.  n»7 
In  uriiiv  after   Etlc  Satala 

Is    nrlnc    iMt*r    liw    «r 

roBlnn.  flUb.  000 
Is    urln*   (n    Uvar  dlifvUM 

quaailiaUtwdotemlnailoii. 

901  _ 

«rlkln  of,  to  Uvaf.  SH? 
vartaikto  wlih  acidity,  4S& 
Viunii>nlani    r)it»r1dit   la    llCi 

KCcrcUuD.  314 
ViiimiMilURi  cynnnlo.  )I1)t 
.Uuiaoalun  KatttLat«,  »c|Mni 
tiaa    at   aliiUtUMiM.    Ml. 
MI5 

■iniulard  lolutlon,  9>t2 
Aniirba.        isurtac*        XMWWn 

ntuvcUPDU   of,    211 
Auij'Kdalln,  S4 
.Viniinap.  oi'il"n  nol  afcfler 
iit«0  l>y   bll«.   412 
determliullofi    of    bcIItIit. 

asi.  Ml 
[n  Mood.  5(8 
ot  lM<aii>  a«*4.  fatnpUBlUon. 

at  tnt.lt,  roiBp<urltliHi,  330 
of  |ieiicnra< ;  *<f  Amjrloii 

am 
of  ikancrvDa.  <Ubci)tvi)',  J-'' 
<kf  aollva:  itr  IMyulIn 
iiunatllatli*   >lricrii)lDatl(>ii 

<It«Iwft'(i  n>i>ilii>itt.  Ull 

l>nifccilvu      lif      carbvlif 

drnUit.  VI 2 

.Vanylold   (lotn   ccIIuIom,  S9 

Amy  la  I)  lie    ono'iDsa.    dUtrl 

builon    In  lluuaa,  330 
AinTliititlii.  3»8 

<Uir««  fium  pli-nlliL.  HOO 
faroraltln  nwctlon  (or.  012 
pniparUo*      and      pnpiaJtn- 
tl«B,  81)9 
Aitairohle      raMiilr*UOD,      41, 

SOT 
AaaphriBxia,     br     arilitdal 
[irptiiic.  las 
UABB    by     mwralaed    ptty- 
Ma.  21 
AnwtliMla.   laeri>nB«d   ozcr«- 
tlua    of   (tealral   lulpbur 
In.  TOO 
Aitr*il>ctlca.  cBvrt  on  r«Bplra- 
tlon  of  Itraln   fi»l 
uulMi     with     bcoMsloUn, 

lOS 

.\nlnial  prvlrlnv,  com  pot  I  Hon, 

utite.  nu 
Anlwal  Im«(,  SOaSO't 
■   eomboiilloB,    :to 
hUloty  <>f  titttcMity  ol  U- 
turc.  109 
Aiilo%   dcfivatlon    of   v«rL 


Antbraeta*  gtntea^Om,  SS 
Anilarla     loslcarU.     ptoitfo 
.\ntIt1lraraMn,  (33 
AnttKlj-DialaM.  7AI 
AnllmMiy    aolphtdA    aolatlon. 

::t8.  224 
AnilpyrlDo,  excretion  o(.  Tit 
AutoiVprotclc  add  In  nrlna. 

At-prtlic  aecrctloa  ot  SNitite 

Jak-a,  84 
A  iiorr  hccvaa.  -  4  4  3 

iMtlJlaMri.  442         .   „ 
Aurlcot     knrael     oU.     tudin* 
nui»b«.  10  ^^ 

ArulMO  coat  In  dlAiUat,  330 
ArablDMC.  IV,  B» 

tomnda.  20 
Ar«MnnlO«e.    IS 
Aracbldic  mW.  fon»iiIa.  M 

In   bBt(*r,   04 
Artndn.  ITV 
ArbuUn.  33 
AntlsaM,  SW 

Aiiilnin«.     RUMxmt     to    p**- 
tuiln«<.  IT? 
ainoaal    In    vnrloua    omm 

uro(<4n«-  r.dl 
■niount    Id     rartoua    pro- 

i»!u..    12«,    120 
ftifiiiula.   IJfl  .        _. 

il.-ompoalUoB  by  baeltna. 

441 

da«oinlM«IUati  lo  onlthla* 

nnd  urta.  WO         _„ 
ArAinatlr  adM,  (laU  In  hnOy. 

810 
AnimaiK^  oil  mclda  o(  ncue. 

t*^  ..^ 

Ar»Hilr  In  gluww  ya 
ArilflOal  ■wicl*.  «2T 
AalwtiM    alter.    pntparaUoa 

of.  OH) 
Ak«U    and    IiaT'a   w«(»   « 

uri<  add.  734 
AnuiriElM.   145       .   ^  „ 
rtacUon    with    nlnhrdrta. 

I  no 
AKi'irtk    add.     anoaal    n 

V anvils  jiiuleliM   IB 
f.xriilA     117 
As>H.-*'    mllK,    314 
\iui'h-iiii1<>n  n(  water.  IVI 

AKMUrLb.  r.'l.-i,  f."0  _  , 

Ast«n    In    f»ll«.    ■WwiW'O'' 

on   t'lyirso.   181        __ 
AaynsiRtrlpai   mrbon.  artWO 

A«n»mi'iri™i    i-aftrto    <^ 

pounda.   •■01  „ 

Aafucatalyaia  of  Uaawd  m 

Aulal^iit*  of  npiia.  acili"  ** 

tirliX  on,  248 
AnIclTll'  «i«jni».  mi 
Atitonildatlon    at    ntwiu. 

6*11 
of  UllntMn.  4lA 

l4    lliuuwl    ell.    lU 
of    pbaai'tiulliiliis,    l^>    V^ 
Asdalc  arid.  «; 

DbcItHk.  Id  fcc««,  43*.  441 

pairrfacdaa  by,   43* 
Daelarial     (l»»<npu*ltlM    •> 

fbcMto.  437 
BamCf    mnbod    fw    bI'jk''^ 
<  brdroiylanilMl .  B"* 
■Dlrinchcnim.  KM.  098 
Barfo«ra  aolnilon,  MO 
I      conpiMdElaB,  8IW 

thtorf  of  acUod.   40 
OaaDilon'*  dl«e«M.  OS* 
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Bulc    ntlroimi.    to    Tar1oii« 

pnuiBN.    144 
Bulc  protelra,  la  chroniaUu. 

ltd  tic   lubMaiiMs    In    nrtot, 

BMuoiMit    KDit     Al«ila    81. 

MarUfl.  sag 

Bvttti    Biit   olt,    Iodine   num- 

ber.  70 
brtt  (allow.  tcdlDc  number, 

Tl 
tttvt'    WAX,   coiupoaliloa,  60, 

HI 
lo-Iiiifl  iitiin^T,  71 
ItoiMnir  add.  04 
Bpnco-JonM  protdo  la  aclD«, 

7S3.  sas 

Iloncdlvt    ftnd    DaaU*   iMtbod 
for      loUl      (Uliibut     la 
urinp,  D81 
BeiiMBci  itiid  MuTiln's  anlrto- 

a«l4  iscihod.  ins 
Dcncdlci'*  roppor  hoIiiiIod  for 
imrbnbjifratM.  SHI 
mcibod     for     Elm/DKp     In 

uMd«.    IHO 
ineibdil  for  iicrn,  DM 
quanlltaUva  dounnliialloa 

of   aliir.1:"?.   !tSi> 

0«njt>^n».  fiii>  In  mftubolliai. 

73S,  eii 
n«nzi>1?    avid.    IdicmIIod.    •f- 

fvvt  aa  hippuric  acid  tx- 

ctiMloll.    "39 

InijMiiou,    fRM't    on    urea 

•tirrvllc-ii.  700 
tantfp  of.  in  bo  dr.  TW 
tIcrl'tMH.  »36 

ll4tDnril'B     work     Qu     woiiriT<* 

i>f      llfl     of     ■roinncb. 

ara 

nork  on  »omt  melabollim. 

7M 

ItcU-albiiaiMi-ftw    m    cutrre 

Jiilce.  381 
llrlK-BUnlne  trma  caritOKlue, 

607 
ru-tah^droxybntrrlc         Bcid 
la'iM     callfil     twta-oui- 
liuljilr  acid).   T5 
nctiltir.  an  niiorrhwim.  443 

fnroinla,  fl2 
B«tta-lici»  tinlijitilc  add,  TO 

Il«ta  ''irn  nRilcii  iMii^irlr  bpM 

In  rrplialln.  671 
RcU    nxydiirrrlf    nold :     *m 

■■■«r''iiljrl'--  aclrt 
Itrta  -  [MiniliT(lr-»TphiiB;U«  - 

Huiluu     [troplonlr     acM 

Itela  pbcfi)']  a  ami  DO  pro 

plonir  nclil,  117 
BU(f.    40e-43T 

■  <-[it«  :  «rr   Itiln  (alia 
action    on    fat    dlnailon, 

an? 
anount   tii«iw>BiHl    l^r    t>|l« 

IntTMIIon.  4)0 
nnHMint   apcivtvd    nor    dar. 

■tm  ' 

bladder  bll«.  40S.  4S!t 
ebolmivral      In,      amuiini. 

4S3.  01 H 
cbol^trrol.   cirlcln  at.  432 
dmilftUan  of.   413 
coBiiioaitioe,  407 
dlBBnlvca    (Uiolostorel.    414, 

433 
illiHKilvca  ratty  addi,   4IS 
faliT  adda  In.  nniount  of, 

432 
Daiola  Mlp,  408 
(rMUne  paint.  40T 


Bile.   ruDctlon  In  alwtrptloa. 
411.  412 
tuucU«u  ol.  411 
eeuvrul  pro[i«Tilca.  407 
(iint:lln'a   tcK   (ur.   fild 
liBmaiarNmi   rrartlon.  917 
UuBP(-r(-C«lu  t«at  (or,  SIC 
let  era  a,  407 
In  loicitlna]   paiRtfrdlon, 

413 

laxative  action,  4U 
liMlUiln  In.  413 
cictbod  ot  obtaining,  407 
d[   TifT    born.    4S7 
pha>t>liiillplui<   la,  4SS 
(incUral  wuik  on.  Sid 
rvoctlon  ot,   407 
[CicureltaUoD  lolu  atinuncb, 

[ilioapboprotcla  la.  437 
M«r«(1ba  of,  40B 
■aeration  of.   locroaaed  Taj 

Mood  polaana.  4Iti 
aulljliur  IB.  In  varlotw  anl- 

mala,   437 
•ummarK  of  fauclluuit.  414 
laaU.  40? 
BUt!  iilgmRnia,  414  42.1 

anoiiDt   dofionili    on    blend 

dccuaiiiaaltluQ.    414 
MllpurpurIn,  4  IT 
liltlrulrin,  roRiticialllon.  414 
Mllrvrilln,  4I« 
cliolobumiiUn,   418 
Iiemlblllrublti.  41 T 
lo'droblllrubln,  417 
lltvratnra  rarorancM.  44lt 
«iUln  la  blood,  410 
ofliHn   In   liemoi;loUln.  4II> 
odoatloo   producia,    41S 
r«latlan  to  cblomnhFll,  4'i!!i 
BtarcobtUn.  417 
arabllln.  417 

rclaHoD  (»  liPmo«lebla,  42>1 
Bll*  rnlts.    42S^a2 

amouol  of  varloui  actda  Id 

bile.  4t,o 
diolifli;      aclil.       proutrrllFB, 

431 

chollf  afld,  pTopttttieit,  4'29 
fiini'tlnna.  43S 
clyj-Arbnlk  add.  d«eompo- 

Hlllou.  42fl 
(l]r«o«belelc    arid,    prapei- 

li™.  tuv 
lOyfovbollt:   acid,    prepara- 
tion,    rortiiuta,     proper' 

tiM.  4?5.  DIT 
Klr'OdioUc    add,    anpars- 

elan     from    taiir(i«boll«. 

4S8 
Itai-M   rest  for.  PIS 
luklni.-  of  blood  bj.    4IV7 
Diara  of  tortnatlon.  4:!( 
]'f>i  Irnkofrr'a  lencllon, 

424.  HIT 
PUtDtr'a   btla.  434.    I«]T 
prcparailon  and  proiierilea 

424.  »n 
pr«clQl(Btlon  bv  nmtnonliHn 

auipbBTo.  4::.'> 
Rlnllon    In    fat    inreatlon 

■ad  nliHit[iiiiii.  412 
UnraebutPlc    add.    proper. 

tl«a.  431 
laurochollc  add.  inrreaatd 

hj-    iDsnstlon    of    «bo[l«. 

Iniirni^linlli^     St^ld,     proper 

tin.    43« 
tlBc     ot     apiiMii«nM     In 

ootoKtiiT.  424 
vnrlaCIni]   In   dlKcml  anl- 

innla,  423 


BllUrr  Oatala.  4M 
lilllpnrriarlii.  41S 
UlUruIdtt.  turmula  aad  prop- 
ecUoB.  416 
llupintt-Colu  roidliui, 

Old 
BltherdlB,    romiola,    pronct- 
tlBB     and     preparation, 
418-417 
In  t*a«naniODe,  4j3 
Blostnc.  261,  ei!6.  843 
BIORM.   19 
Blot,  rotatorr  adlon  ot  dM- 

trlna  Mi  llirbi.   S2t 
Bicdi   Bad'  r«i>llleB,    ollroc"' 

ejcTMion,  «!«« 
Blrolallou  ;  ntf  Mutaratatlaa 
BiKUiuili    aubiillraiu   teit   tor 

glueoae,  MO 
Biuret    bnae,    133 
Uliirer.   rarmola   and  foriBB' 
ilOD  from  urt*.  1*4,  038 
r^aciion  of   protein*.   144. 
STB 
Blank's     rearlton     for    oiy- 

butjrrlc  BCUt.  »ti 
Blaio  <^rr«nl.  34a 
blood.  4;iH  »1S3 
aUnllnlty  of.  K37 
amluo  adda  In,  473 
amount  la  body,  4M 
amoiini  ol  ptaaniB,  40ft 
atnylaaa  lu.  0414 
artrrtal  and  reaoua,  differ- 

en  re.  47S 
Ba  a  food  cnrTler.  iW 
Bt    llvlns  protouliiiu.    4S9 
carboo  (Ilo?ilde  la.  4Tft 
etia»|[«B  by  faailnjt.  Hii2 
ebolc«lpnia«,   H4tl 
dreiilalloB  of.  453 
COUpoalUon     of,      Kenrral, 

4Al-4fl3 
conduct!  rlljr.  B47 
emllQB'aDd  cTeailnln*  In, 

70S 
driiroae  In.  470 
dllwKM'tallon     ot     otybaBio- 

Clubln.  486 
toism**  In.  S47 
flit    In,    470 
fN-j^Inc    pnlnt,    r>4R-S47 

frc«£lui;  piiiiit  cbanjcad  by 
(«eT0ilon  of  K"*tr)« 
)ntcr,  a4il 

fanctioni  of.  4&0 

Kaxm  Id.   17 S 

elymlyalc.  HIH 

bgnoKloMn.  dfYomponlLion 
priMlucta.  MM 

brdnweD  Ion  content,  r>3S, 

S43 

hydroirrn    loui.    effect    of 

fO,     oil      IVI» 

Invciiln  lu.  n48 

lahlne  of.  4»T 

lllHi>e,   R49 

■neinboltc  o-ordlaatlon  br. 

Sin 
Diirrn»->i|]lral  tml  for,  MB 
iTiori>iirlt>i,-.i'  11  f,  4ilS  JUB 
oauinllc  iitrwsiiiif.    B4fi 
oTj-ir*n  rtirrf'-r.  473.  490 
phjiti-D-dinmltrnt  fa  don  of 

rl  r<-iitallAn.  S10 
prartlcnl  work  00,  BIB 

pT'itiMS*.     filH 

r-^tril'iii  of.  1137 

mi>lrfll1(in    of.    IDO 

rmplraroTy    i^irhntiKc.    i>*A 

renplntorT  f  unci  Ion.  lit- 
erature, sm 

Bummary  ot  nsjcca  rarry- 
tnc.  iW 
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ElooO.    ur«a    coDUat  b«fon 
unij     uttft     kiilft«r     tx- 

tlri>atluti,   690 

ore*  In,  472 

nroa   In   bcCora   sad   after 

pMflUlOD,  fldS 

rlacodtj.  ftt(M>13 

vItUIBmIiUI.  4QM70 
vutc  raMtnncn  In.  60t> 
vAtW    mbMuicM    In,    la 

Tnrloui  dlseaws.  S<)i> 
Blood   «loi(lBjr.   5M-(>M 
•  crjiWIlluUvii.  S21 
■nmbreaUn.  532 
Buttiirt'e  aujwcatlMi  ot  Ka- 
tun or,  Saft 
Cftldam  uiu  tn,  S83 
MpnaUn    actloD    on.    SI 4. 

63S 
couiaL't   wlih   famsn   nb- 

■taaccB,  S14 
Obna.  SW 
&brlii«K«L>  020 
mill  >Dtl  8t>iro  Jind  Mon> 

nit*  vlw,  582 
hpmnpliyliB..  S17 
hciu'.ii  tl'AiEv.  effect  on.  815 
Hirudin.    Die 
UqwcH'ii  Timr,  $8X 
Itirliwnrp    o{    cuuuci    wltb 

(luuo,  6IS 
I  nira  vascular     and     blood 

pistta.   Ml.  filii) 
llirracurc.  SOB 
Koiri  Tlev,  KSS 
iME  dut  to  ibroiDblD,  &31 
oeiloai   pbAnoiiMDa.  B21 
plijaloloctcal    Tftrialloii    In 

undoni^   to   clot.  &1T 
practical    rc[irrla)rals,  MO 
nt«T«nrl<>B     bT     all>iiniaa«. 

nil 

tnct,  sia 

prwanilAti      liy     oibuIm. 

Qitorldn     and     diraica, 

BIB 
prcTcDCtott    by    aalt    aolu- 

tlona.  AID 
proUiroiDbiD.  $30 
KlailoD  ta  laklnf;  023 
r4)*  nt  ■iruvlurafHrnvnt* 

In,  B24 
BiuiuaatT  of,  680 
■nanala  of  riot.  514 
onimblD.  MO 
tbnnDtwaU  ot  vHna,  617 
tlaane   aitntcia,  amfon  ef. 

SIlMtlS  „ 

WoolridR*'*  vlav.  B3S 
ntaiKl   MTpuaelc*.  deiarmln*' 

IloD  of  nambM.  920 
deairacllnn  In  llrer,  *)» 
lakluR     find     MmiMlilIllr. 

497.  B24 
rail,   artloii    on   alkaUttllr. 

H3 
rMl.  amnnnt  at  nitlAf.  tfl<S 
1*0.  ■»  (toiirM  of  Wnoit  pro- 

telBi.  S56 
rMl.  compuBltlon,   4fll.   41>9 
rM.   loncUi   ot  lire.   4«e 
ni,  llplna  In.  4(>9 
red.  motiili^.  4n» 
roil,  number  o(.  4M 
nd.  Totumo  In  arierlal  an>l 

TonoDi,  479 
irbU*.  Mimpnatllon,  4R3 
wliit*.   m-ltllltjr.  464 

BlMMt  planna.  a   dllnle  pra- 
((iplaima.  tlS2.  flS4 
amfnn  urida  in.  478 
c»uipa«(>lan.  4111.  482 
•nipaaa  In.  B49 


Clocid   plaama.   flnorltlc   fitO 

odcln  and  function  of  pro- 
lelM  of.  061 

oxalate.  010 

peptotw.   518 

pralolu*  In,  B49 

aalt.  519 

apoclQe  craTlty,   4<1 
Olood  plaiclcu^  445,  HZt 

Minpoalifan  «f.  538 

111] aid  ciratala.  538 

Uli-Mture.  558.  DOO 

pre  ITS  rati  on  of.  448 

rctnttoD   to  bluod  piololoB. 

soft  „ 

relation  to  cloTUng.  S29 
Ulood     aeniDi,     cooipoaliloD. 
MS  I 

ronnallati,  614 
llou    rauient    ■■    IDdlcnloi. 
3T0.  Me  I 

Body    rMO&blM    a    ma^ot, 
200 
rointiduriHl   na   n   ntadilna, 
300-208 
Bolllui    point    and    omtotlt 

nroMure.  304 
RonMcoatotol,  87 
Uuna.    comiKialtlaa    of,    BB4. 

Inatcanlc  eonaUtucnt*,  IIS7 
tlon«  itrawUi,  681 
Booe     marrow,     tola  t  Ion     to 

flbrlDUKCD.   05:;.   AAB 
Ilonc  oil.  lodlDn  I'liEobFr    71 
iiorcot   bntahfaac.  MO 
Dork  add,  lDDu*n<W  on  balr. 

209 
liitliixnr*     OO      OtIlBOSt      ol 

•Un.    2(H) 
DUtiai'r'R    t«Bt    tor    (hKoa*. 

liinln.  5410-505 
iratbealn.  6TT 
iiitiin«-llufii«      nr      «nilno' 

llpotldcv.  n's 
nrolno-mri'llo,  S75 
aiwiirlu,   &T0 
Bucoljala  oT.   &HT 
bresvnln,   ^71,  5T8 
'■butterr  nuBBtaDt^,"  r.O" 
cwphaltn;  •««  K«pballn 
terrtironlr  arid.  70 
r«r«broiUdM      or      vUrlo- 

alOrM.  C76 
(••r^liriwplnnl  fluid.  383 
oerobro-fulupliatlilca,  5? 8 
clirmical     iJllT<Tcn«>     rrom 

other  tbauva.  SCO 
vhoU-B(orol.    umaunl.     CTli 
copper  In,  57Z 
(Hjrpna  (viimiuin.   cduihwI- 

tlon.  K«l 
crcoiint'.   flmount.   ot.  550, 

705 
(1 1  a  ID  I  n  o  ■  dlpbocpba  tide*. 

<Ub  111  I  no-mo  BopboflpbB  Udu. 

cnurxr  Involved  In,  002 

uxlrucllvrv.   THiX.  S7I> 

fortnlc  acta  6S0 
ulrcolAat^n*  (cnprlne),  080 
Ki7r"tli>liiii,    57B 
Krar   matter,   compnalllon. 

581 
vray  and  wblte  maiitr,  dit- 

fercnea^  581 
humnn.   cotapofllloD.   082 
hjpountblBe,  570 
iDorasnlc  ealta.  Ii8t 
1      iDoaltc.  580 

ketibnlln.   proparBtioB   and 
I  proprrllcB.  071 


Brain,  iHTUtD.  578 
kriaoain,  678 
Udtc  ncld.  oao 
IwcHblD  cndnlaaa  ckloridat 

propertlta.   BOH 
ledtbln,    prtpnnitloa    and 

prOfwrllM.  BRO-RTO 
tlCD«c«ric  add.  578,  571 
ni«dnllar;  (lieailui,  cwapo* 

Bliloo   nod    funcllon 

S8( 
myHiB.  r.74 
n«uroplafilB.  581 
no  oruiral  tat  In.  688 

dikIcIi'  arid  of.  583 

"Oily  eabainnoe,"   MT>I 
orlclo  of  paycblF  ^naliltca, 

oij>Kon    oonMOmptioin 

480.  581 
pamnyelln.   574 
phoBpbollptQ,     met  bod     af 

Mpantlon,  988 
phamlionn.  Imponanee  of, 

pbrenostn,  S7S 
(ihiMioatanri.   ammnf.   570 
phylMoKtMl        intrrprwa- 

■  Ina   nt  rnoralral  r^inipo- 

■I  lion,  584 
proiaeon.  578 
pmt«tDB    of.    582 
protoplaam,    pbralrBl 

Bfatfoce  of.  C83 
payctiaaln,  6T7 
renpiva  cnrtMtlirdrBta  1a« 

tag.  685 
maptmllon   af.    588. 
bdmHAc   KnTlty,   563 
(ierola.   G79 
■r>fcl<ixo),  575 
BpUnfoiDjelln.  67S 
tplnfoiDTelinJc  acid.  5TV] 

SmnKoaln.  .^75 
iiKtnr*    of    nam 
nnd  flbera.  W4 
anedale  ai>Ul. 


fdlpbolIpiiLi.  '578 
antpnnr  or.  Cl8 


■umnMry.  08S 
tBorlni-   In.  .*>T8 
walor    In,    588 
a-elKhi  or  taanan.  587 
wbllo  ceallM,  rottposllloo. 

Ml 
"wliltc  Bubatance."  5GT 
Braail    nut  oil,   lodioe   oiuo 

b«r,  TO 
UrMeaiu.   8:t.   ST8.   578 
Bromlno,     oildlEiniE     tiower. 

180 
BroniplMByliiunTapinrlr  atU 

Brontpboptonjl  cbiorkle.  134 
tirowulan  ■iov«ai«ni,  S43 
Brannar'a  Klanda :   iM   Doo- 

danuni 
Surrliant-l.li'lx-rninna    rtiulfa- 

tarol  n>a«tiMi.  B3 
Rctier,  colotliw  mbikt  Ln,84 

compoaltlon.  84 
Uuttet  fnt.  84 

Indin"  nnnh^r.    71 

Itdcban-UalaBt   namber.Tl 

relntlon  to  tirutrtb.   1(4* 

anponlllcatloD  numbtr,  74 
Kullarr       ■■■twi  aiioe       traa 

bnln.  58T.  088 
B-Bnifl    Mofi'nplaD.    810 
Untync    add.    lomnla    aai4 
prafMrtlaa^  74 

ocMaUan  of,  75 

aiwHini  In  uuiim,  84 
lt^lrr<y1M48ln^  44X 


moBx 


1017 


I 


CkdarerlM:  *oo  rcoumHtbT- 

IfrBedtamla* 
Csdmlum    solpbtd*   aolullDD. 

3S3 
CalTtlui.-,  fntB  In  batlr.  TOO 
Calcium,   ouuoitudv*  d»e*r- 

mloatlDii.  nSD 
In  iirlDo.  TfiS 
Calclam    ulU.     relatloa    tii 

bone  ffrootb.  flST 
r*l4d9B     to     dottlnc    ot 

bl«o4.  51* 
C'slortiu«iet,  of  Anntrr.  nc«a 

sad  Buiadlct,  XSS-386 

or   EnltiiM',    Z81 

w«(»r.  of  DolooB.  S>8 
C«iDpbor.  txcntloD   ol.  TSfi. 
788 

formula.  TS 

mavMiMiil  an  wmt»p,  SQO 
C«ii<«r.    sMtrtc    ai-lOttr    lo, 

rani!  tmsar;  ite  Racclinrniw 
Ca|illlai7  CBMhiKl  of  (urfaco 

ten  MOO,  207 
CapUIarlir:  net  Kurfsce  U>q- 

•ioa 
Caprin*,  ronnijla.  IIT.  S3D 
Csprolc  nfld.  formnla,  M 

In  bailer.  6« 
Caprj'llc  adil.  roriDUla,  M 
Cnrbamlc  «riil  In   ur!n«v  7nfl 
Carbamlf  sfltl  nn<t  ufm,  QST 
C'uriKiinliio      ■'cmuQUDit*      Id 

blOMt.   47T 
CnrbaiDlno  rt^actlon  Ol  aiiilDi> 

adds,   131 
CsrtraitllmKlc.  «SS 
Cnrbabrilracni.   ifl-flO 
■baorptlOD  of,  458 
smoiiiii    Id    blooO   plaints, 

491 
acnouni    la    tnuralili    and 

niurfn,  SS9 
bar tcHal       dwoia  poal  I  ion. 

«40 
rlaHtlBcBtlon,  Id 
decampasitlon  b7  Lcitiit.  1U>- 

SH 
de^oinpailtlon     by     alUll. 

8034 
(t«>nniilnn,  10-18 
dlsiodatloii    cftbsUuta  of. 

18 

cicrotlon  Ib  lotcvtloe,  453 
fMTB«ntaUoti  by  r***^  toi 
iBflnoncA  oa  InltaUnal  pu- 

trafBedoa,  MB 
In    naclvlc  *c(cl.    160 
In  urine.  70* 
neUboUajn.    T3T-70a 
Detn.l«  redurcd  bT.  38 
UoUach  FMCtloa  (or.  ISt 
oecorrcncf,  10 
oaasoRM.  43 
ozloiM.  4S 
pracilcal    eiperlta*iila    on. 

sas 

proiM-tcica,  17 

react  I  on   Willi   hrdrocyanlc 

aclA.  42 
rKliicUoii  of.  41-42 
minH^   of   inii*r1e   cnerc7. 

m\U>n  with  add.   Ifl 
iiQloQ  with  aikalt.  17 
Carbon    dlaslile.   acf^lentllcin 
of    alareti    dliffatloii    by. 

nction    OB    Wool    etoitin?, 

C26 
amount  ti.ent»A  pvt  dar. 

SflS 


Curbon    dlaxtd*^    ainoani    In 
bl-ood,   J  7.'. 
amouni  piodDcsd  lir   Tarl- 

OUR  ilnnea.  ilto 
rommiKtf  In  blood,  476 
hanotloblB.  405 
pr<wnire    ta   alreoUr    nir, 

prcMuro  In  blood,  *T7 
prtaaurii  lo   Uuuna.   477 
productloD    by    uervt-a,   osc 
r^lailOQ   to  iirk'  add  aru- 

Ui«ala,  ?a» 
rAle  III  dlaaoclatlon  oI  oet- 

bemosloMn.  470 
■«cr«IloD  or  bj  lutiga.  4«0 
UDk.n     wllb     aiulno-ai-lda, 

i:o 

Cirlion     lac^mn    inj    oulgo, 

Carbon    monnilite    Uumocnro- 

muiica,  DOS 
Carbon  monoUda.  n«tbad  of 

duitraitnalloo  o(  aatara- 

tlon  of  tilnod,  4S0 
toaldtr.  '4Sfi 
CartHMi  monoiKla  iHtmoslobln. 

140 
«ft-   Carhnnrl   liemosloblu 
Carb«n;l    baiDaKlubln,    prop- 

vrtlva.  4D4 
Mi»>RnltI»&   In  Itood,  036 
8»etTtruiii,    *6H,   fl2S 
CariioxTl    criMipa.    nomlier   In 

jiiuiiin  nolecole.   13T 
Cartiuxjrlano  ^ooiBt>oalU<tn  of 

■■nloo-nddB.   441 
CsrdloM    condeoaer.    218 
Cnmnuba    wax,    SO 
ladlni>  nombvr,  71 
CaranuliBii,  PO,  100 
t'nmnubrl  alcolioi.  i^i 
c'amlp    add,    3Ui,    C82.    010 
raruITtrrlu  fmin  mllk.  810 
famine:  'M  looalno 
Oimltlne.  in  miiade.  407 
Caruoalno.   f:07 
^nrnntlae.    »2 
Catrotin  In  butter.  81 
Cartt>Uti   In   milk,   Sll 
Cartllaue    add:    »e»    Cbon- 

droltlc  add 
CaitllaAA         cbonilrnmiirold, 

comiMaltloa.  S34.  32S.  n34 
ralaUon     to     oblUo     sod 

mucin,  SZS 
BtmctDre.   flS4 
Carjoklaeata,     auloljaU     In. 

182 
cbrmlcBl    rhnoeoa    ilurlns, 

1S3 
rdailon    to    uitdear    aap, 

IBt 
BensltlvliT  to  etboi,  IM 
CnaoanK-  add.  SOU 
Candn.   cbaosca   in  clotilDs, 

87a 
cooapoal  il'>n.   110,  30A 
oaan   of  dic^iitou.   SAC 
IDolrrular  wdebt.  IHH,  143, 

377 
or    illlFonnt    nnlniala,    SOA 
prfparaiinn,  8!)l 

pro;)«rllM,    Stth 

Btractur*  of  dot,  232 
Caaelnl^  add,  30^ 
CasdDOE«-a  ;  arit  Caacia 
Cnalvr  oSI.  At.,  KII 

loilinn  naoibvr.  70 
('-ntalmlUin.   D 

ot  amluo-acldx,   SOS 

ot   slj'c^oi^oli.   807 

of  protclBB    tH>S 


Calabolluu   ot   iTroalne,  HOT 
L«laUaa,  S69 

IB   aaUva,   S3* 
Catnlnia,   iMlnltlon,   10 

explanatlaa,  :<!0O-UO 
Catapboreala  ot  ccllolda,  ap- 

Mrataa,  218 
Cathloo.  darlTatton  of  word. 

lOi) 
Oil.    ruiloijai    (DuaUintlen, 

an»uUaUon  of.  II.  IX 
I'liOBplwUpliw  to,   lOL 
Cflitiiuaa,  ii,  M,  fW 

lu  anlmaU,   OQ 
Capballa:  «««  alao  Kvpballn 
C«f)bBlla,    anwuoc    lu     milk, 

■mount  ot  Eljr«Mol  lo,  W 

Maet   In.   lou 

Klaiion  10  dottlBK  B16 
Cerebrlc  adda.  3M 
Cerebrln,   Ml 

propiarntlau  ot,  875 
Corabron,   676 
C«r*biwnlc  add,  Sift,  ST7 
carMtroaLdea,  bw.  ai« 

bjtlnjljrnli    □(,    jlT^ 
itee   UlycullplDB 
Cerobroaplnal  ilntd,   coupmi- 

iloD.   bM 
Ctajl  aUotiol,  gl 
Catfl   nicobol,   81 
Cliocnkal   r«siatance.  SftS 
Ulieaioiaxls     oC      leucocrcaa, 

45S 
CbeDodioUc  add,   433 
Ctievreal.  63 

Cblckm      tniiKle,      ramBORt- 
iioD,  tna 

ChltlD,  compotttlon.  SZ!> 
ralntlon   lo  raiiclo.  i2* 
Cbttoaao,    826 
(.'Utoral     lu'dmie,     eicreilon 

flf.  T46,  7&» 
Clilorldaa,         dvterml  nation. 
Votlbard   tnclhod,   WS 
In  nttnok  75'-'.  »)t3 
Cblorlne,  amouitt  ia  vartou* 
ilmnen,  373 
In  saatrk  ]nl«e.  »4S 
[vluiion     D(    aoDiint     ae- 
i^Mtnl    la    natrk    Julea 
to  nil  In  bodr.   il41 
lu       cnlla.       dLKlrlbutlOB. 
mlcEodiontcal.  313 
t'blorcforai  nalMialDS.  dlaa^ 
PMiADco   of    HtK'InoteB, 

ChlOMiphjrII.  (hfinlalrr,  48 
ralattoa   (o  bile  plfmanla, 

433 
relation     lo    nytitbcata    Of 
dcTtroac,  4.% 
Cbolallr     BcidL     «»     Cbollc 

add 
Clioletv  odd.  43t 
CTioltaicraae  In  blood.  r,40 
Cliolaaltrin;   aee  Otiuleaterol 
Cbolcatarlnte       ucid,       from 

cbollc.  420 
Ctiolesterlnlc  addii,  85 
Cbolaalcrol,    Sl-SA 

abarnt     In     lilpuODOlamui 

iiilo.  4:t» 
amaunt  Id  dllleieot  liTalna. 

070 
amount   In   ncrrout  tlaaue. 

84 
amouui  In  ratloua  tlaauw, 

cb«D)lacrf  of,   8&-ea 
(Olor  rM«Uona.  S3.  83,  878 
dIic«T«ry  of,  81 
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ClioiMicroI.  In  atbtroimitDnt 

aruti—,    95 
In    bile.   4»?.   SIS 

in   bliUM)  ■^T«m.  M 

In   brnln.   bt».  il» 

In   butter.  64 

in   caKbrotpintl  fluM,   Oi 

In  ««V  eti.  «4 

la  foad  and  txcHiloot.  -133 

In  oai'iral  olid.  tM 

pttyalDlodcnl   >Ttl0e  of,  $6 

tkrvfiii  mion     ttont     tiraluo. 

82,  8T7 
pr«p«rt1c«.  SI 
quontltattrodaterintnattOD, 

KS 
qniialltatlrp  d«tprialiialtoB, 

rolorlinetrlf.  M 

CbolMttfol    Mtera,   S3 

In   bra  Id.  8-1 
In  •u  oil.  M 
In  commertlal  trrlihln,  KS 
Cbollr  acM,  atnftUBt  la  btle, 

<olar   roapllon    v/itb    nci. 

480 
form  II  1ft     ami     proportlH. 

inLiiilon,    effect    ao    Ul?, 

41« 
irrcpnrallOB.    4S8 
rdniloD  t*  (hakiternl,  4Sfl 
Mparatlon     rraia     cbot«lc, 

Cbollop.    amnnnt   la   vartoui 
tluuM,  un 

rln'iu:s(rr   "f,    l>3.   OS 

d«ci>mn<r>iiltlnn.  IM 

from   l«clibla,  91 

In  alnalbtu.   »8 

In  apUaconqrclln,  S7S 

mli^rochemlml  tiMlB  for.  93 

Cbo)lD«  pvrlodMe,  (M 

CHallna,  pbyalologltal  acitoR. 

iiiu  n  til  a  tire  det»mlna  lion. 

IM 

Cbiltno  ttft..  ronUmlnatlon 

hy  Kei.  510 
ni^lntifmn  lin.  41S 
Clir>n<lrn1ti<-    a<l(l.    pli»tBI«try. 
S2-I,   R» 
eraiililr  roinniii.  H^-'i 
In  ana.  sio 
In  miKU  and  ntieold,  ZZ*. 

ess 

rhnii  droit  Id.  %Zi 
ClKiQilrnmiicoM.    flS4,    636 
Choadmailn.    i2B 
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